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It is truly an honor and pleasure to write the foreword for this book, which is 
the culmination of an incredibly fertile collaboration between expert arthro-
plasty surgeons led by Dr. Mrinal Sharma. Dr. Sharma has devoted his life 
and career to patient care, research, and joint replacement surgery following 
multiple fellowships with renowned and legendary mentors like Dr. Chitranjan 
Ranawat, Dr. Thorsten Gehrke, Dr. Wolfgang Klauser, and Dr. Frederic 
Picard.

In Knee Arthroplasty: New and Future Directions, Dr. Sharma aims to 
provide an up-to-date comprehensive guide for modern knee arthroplasty. 
Recently, technology, science, and medicine have advanced at an exponen-
tial rate and knowledge in arthroplasty has followed in parallel. The book 
intends to consolidate the basics of knee arthroplasty and provides an in-
depth discussion of complex and revision knee arthroplasty. Detailed periop-
erative care, modern surgical techniques and implants, and evolving 
technologies such as computer navigation and robotics are discussed in 
dedicated parts.

Appreciation and gratitude are due to each author for their outstand-
ing contributions which will disperse knowledge and impact patients 
beyond geographical barriers. Dr. Sharma should be congratulated on 
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this successful endeavor. I am confident that Knee Arthroplasty: New 
and Future Directions is a valuable reference and will be well received 
by the orthopedic community.

 Amar S. Ranawat
Attending Orthopedic Surgeon

Hospital for Special Surgery
New York, NY, USA

Professor of Clinical Orthopedic Surgery
Weill Cornell Medical College

New York, NY, USA

Attending Orthopedic Surgeon
NewYork-Presbyterian Hospital

New York, NY, USA

Foreword



ix

 

Knee arthroplasty is at an exciting stage of its evolution. We are now 50 years 
on from the early experience of relieving the pain and suffering of arthritis by 
our pioneers using rudimentary techniques and prostheses. Their thoughts, 
their ideologies, and their research have generated an outstanding legacy for 
patients with millions benefitting from knee arthroplasty interventions. Dr. 
Sharma and his colleagues are to be congratulated for their Herculean effort 
in bringing together current thinking from thought leaders in India and the 
rest of the world into such a detailed compendium covering many of the key 
features that exercise our minds and that of our patients in modern practice. 
They have also thoughtfully included future strategies that will shape our 
thinking over the next decade.

The first part of the book is focused on planning primary total knee arthro-
plasty all the way from pre-surgical analysis of the patient and their anatomy 
through exposure and choice of implants and techniques to deal with a variety 
of knee deformities. Most importantly, there are chapters covering unicom-
partmental arthroplasty as the resurfacing of individual compartments or 
indeed multiple compartments is clearly going to be a big part of our future.

The editor’s experience of complex arthroplasty is highlighted in the sec-
ond part that introduces the complex scenarios including stiffness, deformity, 
and previous trauma and surgery. Innovative techniques and unique experi-
ences from Indian knee surgery thought leaders are presented.

The key to success in any operation is understanding the potential compli-
cations, mitigating them and managing them when they occur, and a very 
clear approach to unsuccessful knee replacement and to complications such 
as stiffness, fracture, and instability. There is also a detailed part on 
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 periprosthetic infection which is likely to be the failure mode that worries 
most people internationally.

The highlight of this book is the technology part that brings in thought 
leaders in navigation, in patient-specific instrumentation, and in robotics to 
discuss ways of enhancing knee arthroplasty and facilitating enhanced 
recovery.

Revision knee arthroplasty has also evolved dramatically as the number of 
primaries has gone up. In many parts of the world, it now encompasses over 
10% of the knee arthroplasty burden. Once again, the editors have considered 
this carefully and included the full spectrum of thinking in revisions starting 
with evaluation of failure going through exposure, prosthesis removal, and 
the various rationales for reconstruction including modern zonal fixation 
techniques and constrained options. Most importantly, perioperative manage-
ment is also considered in Part VI as part and parcel of optimizing the patient 
journey after knee arthroplasty.

This book with its beautiful illustrations and clear writing summarizes a 
great deal of current practice and future thinking in Indian orthopedics but 
also worldwide, and exemplifies the direction of travel in knee arthroplasty. 
There are some facets that are routinely seen worldwide, and then there are of 
course complexities, particularly in terms of deformities and complex proce-
dures that are unique to the experience of the authors in this book and that 
enrich this tome in particular.

It is a privilege to write this foreword. This book will present unique per-
spectives on knee arthroplasty regardless of where the surgery is performed. 
I would like to extend my congratulations to all those involved in producing 
it and to the reader for an excellent choice as a reference for the totality of 
knee arthroplasty.

 Fares Haddad
Hip and Knee Reconstructive  

Orthopaedic and Sports Surgeon
University College Hospitals

London, UK

Divisional Clinical Director of Surgical  
Specialties at UCH

University College Hospitals
London, UK

Director of the Institute of Sport
Exercise and Health

University College London
London, UK
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Science and medicine are ever evolving, and so does the knowledge about 
joint replacement surgery, which keeps evolving with recent advances in 
technology, concepts, implant designs, metallurgy, and surgical techniques. 
With the advent of computer navigation, robotics, and newer technology like 
3D printing, knee replacement surgery has reached the next level. The book 
Knee Arthroplasty: New and Future Directions aims to bring to you the latest 
updates and current comprehensive trends in arthroplasty of the knee. It is an 
attempt to consolidate the basics of knee arthroplasty as well as provide in- 
depth knowledge about complex and revision knee arthroplasty. Eminent 
arthroplasty surgeons across the globe have contributed to the chapters and 
shared their lifetime experiences in their fields of excellence. There are sepa-
rate parts on primary knee arthroplasty, complex scenarios requiring knee 
replacement, and a detailed management of related complications. Revision 
knee replacement has been covered in detail with latest updates on surgical 
techniques and implants. There is a separate part on computer navigation and 
robotic assisted knee replacement surgery. A special part on perioperative 
management has been added focusing on multimodal pain relief, DVT pro-
phylaxis, and soft tissue problems after knee arthroplasty in detail. The last 
part of the book focuses on the latest developments in the field of knee 
arthroplasty.

The language of the book is easy to read and user-friendly with colorful 
pictorial representation of relevant surgical steps. Case-based discussions, 
surgical tips and pearls, and summary have been added in the chapters where 
necessary. The references given at the end of each chapter would be useful for 
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those doing research. This book is a must-read for practicing orthopedic sur-
geons across the globe, beginner arthroplasty surgeons, postgraduate students 
of orthopedics, DNB students, and those preparing for board exams. This 
book will also serve as a reference book for arthroplasty surgeons. This book 
is a must-read compendium on knee arthroplasty.

 Mrinal Sharma   
Associate Director and Head of Department Orthopedics

Asian Institute of Medical Sciences 
Faridabad, India
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Pre-operative Planning in Primary 
Total Knee Arthroplasty

Sunil Gurpur Kini

1.1  Introduction

Total knee arthroplasty (TKA) remains the gold 
standard treatment of end stage arthritis with 
high success and patient satisfaction rates. Pain 
relief, improving function, restoring limb align-
ment and range of motion are the major goals of 
this procedure. Aseptic loosening is one of the 
major reasons for failure that can be attributed to 
polyethylene wear, malalignment/malrotation of 
components or soft tissue instability. Pre- 
operative planning remains the mainstay to exe-
cute a well-functioning knee replacement. The 
chapter will focus on workup of a patient planned 
for knee replacement with emphasis on examina-
tion, imaging, templating techniques and a brief 
on approach to a complex knee with bone loss, 
instability and deformity.

1.2  History and Physical 
Examination

Pre-operative clinical evaluation by the surgeon 
and anaesthetic team is critical in assessing the 
current medical status and determining the rela-
tive risk profile of any patient undergoing knee 
replacement surgery. Factors such as age, sex, 
level of activity, location of knee pain, disability, 

involvement of other joints and treatment history 
should be duly considered. Comorbidities like 
renal, cardiac, pulmonary issues must be evalu-
ated and optimized by the relevant specialities. 
History of smoking and alcohol consumption, 
ongoing medications and mental status should be 
assessed carefully to further guide pre-operative 
evaluation and medical optimization [1]. 
Associated conditions like diabetes and thyroid, 
anaemia and hypoproteinemia must be optimized 
before surgery. Patients on antiplatelet therapy are 
usually asked to stop them 5 days before surgery. 
Any ongoing infection must be treated and 
resolved before surgery to prevent post-operative 
infection. Any history of previous deep vein 
thrombosis or pulmonary embolism must be 
accounted for before surgery. Diabetes mellitus, a 
body mass index >40, dementia, renal, pulmonary 
and cerebrovascular diseases have been shown to 
be independent predictors for in- hospital mortal-
ity and post-operative complications after primary 
TKA.  Patients with neuromuscular conditions, 
such as Parkinson disease and Polio, are at high 
risk of instability following TKA and may benefit 
from specific implant options (varus–valgus-con-
strained TKA, hinged knee components) [2].

History of metal allergy should be asked as 
some do specially to nickel content in cobalt 
chromium designs. In these cases, an alternative 
such as ceramicized metal can be used.

Patients’ expectations as to the outcomes of the 
surgery, dos and don’ts post-replacement must be 
addressed. Patients who present late often have 
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bilateral knee involvement and the choice of one 
stage both knee replacements should be discussed 
with the patient if they are deemed for the same.

Patient’s gait is to be observed for knee align-
ment with special attention to thrust and hyperex-
tension which indicate ligamentous insufficiencies. 
Intoeing or out-toeing indicates rotational defi-
ciencies and associated hindfoot valgus needs to 
be evaluated as it would change alignment and 
affect the results after a knee replacement. 
Planovalgus is often associated with valgus knee 
and should be corrected with a brace, orthosis or 
fusion prior to the knee replacement. If foot is left 
uncorrected subsequent knee surgery may be com-
promised by medial collateral ligament insuffi-
ciency due to excessive medial stress. These cases 
may thus require a more constrained implant, 
especially in deformities greater than 15°.

Pre-existing surgical scars around the opera-
tive site should be documented and incase of mul-
tiple incisions the lateral most scar is to be used 
with at least 5 cm of intact skin between two inci-
sions [3]. Plane of deformity and its degree of cor-
rectability has to be noted as it would often dictate 
the bony cuts and extent of soft tissue release dur-
ing surgery. Collateral ligaments have to be intact 
in order to perform an unconstrained or semi-con-
strained implant. Pre-operative range of motion is 
the single most important determinant of the 
extent of the range of movement post- surgery [4].

Neurovascular examination must be thor-
oughly performed. Patients with history of 
peripheral vascular disease should have an Ankle 
brachial index performed and if less than 0.9, a 
vascular consult is warranted. In such patients, 
consideration to not use a tourniquet during sur-
gery should be undertaken except during cemen-
tation. Assessment of the ipsilateral hip and ankle 
and contralateral limb must be done to assess for 
involvement [5, 6]. Hip pain can many a times be 
referred to and present as knee pain.

1.3  Indications

Patients with end-stage arthritis due to any cause 
who have exhausted all conservative forms of 
treatment are ideal candidates for knee replace-

ment surgery. Osteoarthritis, inflammatory 
arthritis, spondyloarthropathy, osteonecrosis, 
post-traumatic arthritis, metabolic causes, anky-
losis, failed high tibial osteotomies/unicompart-
mental knee arthroplasty are the main indications 
for total knee arthroplasty (TKA). 
Contraindications for knee replacement include 
chronic knee infection, severe peripheral vascu-
lar disease and a well- working knee 
arthrodesis.

1.4  Imaging

Imaging is invaluable to assess extent of defor-
mity in all planes as also to document the bone 
defects and the integrity of the extensor appara-
tus. It also serves as a template to guide the major 
bone cuts. Standing radiographs in anteroposte-
rior (AP) and lateral view are advocated. 
Associated conditions such that involve patellar 
dislocations, post-traumatic malunions and 
deformities, tumours and congenital anomalies 
may warrant additional studies such as CT and/or 
MRI. Other views that are performed are the mer-
chant and orthoroentgenogram views.

1.4.1  Anteroposterior View

This view can be performed both supine and 
standing although the latter view delineates the 
extent of deformity. AP view outlines the medial 
and lateral joint spaces as also the coronal limb 
alignment.

1.4.2  Lateral View

Lateral view is taken with the knee flexed 30°. 
Patellar slope and patellar height are calculated 
on the lateral view. Patellar height is measured 
using the Insall-Salvati index (ISI), which is the 
ratio of the patellar tendon length to the length of 
the patella. They are termed “Patella Alta” (above 
1.2) or “Patella Infera” (below 0.8). Other radio-
graphic markers such as modified ISI, Caton- 
Deschamps Index, Blackburne-Peel Ratio and 

S. G. Kini



5

Blummensaat Line can also be used. Lateral view 
aids the surgeon to size the appropriate femoral 
component and also check the posterior femoral 
condyle offset which is a variable amongst differ-
ent knee designs.

1.4.3  Axial View

This view is taken with patient supine and knee 
flexed 45°. Assessment of patellofemoral wear 
and any patellar tilt if present is to be noted [7].

1.4.4  Long-Leg Standing 
Radiograph

The full-length hip-to-ankle AP weight-bearing 
view is taken with both knees in maximum exten-
sion and with the patient’s knees placed 18 inches 
apart [8]. Lower limb rotation can often influence 
the measurements and hence it is important to 
take this view with the patellae facing outward. 
This view allows the surgeon to assess and 
account for extra-articular deformities if any, 
determine the amount of coronal laxity, plan the 
bone resection and the position of the femoral 
and tibial components with respect to the 
mechanical axis (Fig. 1.1) [9, 10].

1.4.5  Stress Tests

Stress views are often taken to evaluate the 
remaining joint cartilage. They are taken in about 
15° knee flexion. The beam is angled parallel to 
the joint, and a valgus or varus stress is applied. 
In medial compartment osteoarthritis, the medial 
compartment is narrowed with varus stress while 
the lateral compartment is preserved with valgus 
stress (Fig. 1.2).

Scans such as CT/MRI are rarely indicated 
during workup of primary TKA. CT is valuable 
wherein off the shelf implant sizes may be 
required and also to assess complex deformities. 
A pre-operative CT or MRI of the knee is 
obtained when patient-specific instrumentation 
and/or custom implants will be used [11].

1.4.6  Laboratory Test

Routine pre-operative laboratory testing, includ-
ing a complete blood count, must be performed. 
Additional laboratory tests are guided by the 
patient’s medical condition. In diabetics, a tight 
glycaemic control with the goal of obtaining a 
(HbA1c) test result of 7% is desirable. A low hae-
moglobin level is an independent indicator for 
possible need for peri-operative blood transfu-
sion. The risk of transfusion is increased 3.7-fold 
for each 1 g/dL decrease in the Hb level below 
the threshold of 13 g/dL pre-operatively [12].

Fig. 1.1 Calculating pre-operative knee deformity (angle 
between a line connecting the centre of femoral head to 
knee centre and another connecting the centre of knee to 
centre of ankle)

1 Pre-operative Planning in Primary Total Knee Arthroplasty
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1.5  Templating

The mechanical axis is represented by a line 
drawn from the centre of the femoral head to the 
centre of ankle. The tibiofemoral angle is the 
angle formed between the anatomic axis of the 
femur (line bisecting the intramedullary axis of 
the femur) and the anatomic axis of the tibia (line 
bisecting the intramedullary axis of the tibia). 
The hip-knee-ankle angle is measured between 
the mechanical axis of the femur (line from the 
centre of hip to the centre of the knee) and the 
mechanical axis of the tibia (line from the centre 
of the knee to the centre of the talus). In most of 
the cases wherein intramedullary distal femoral 
cutting jig is used, the distal femoral resection 
angle (angle between the mechanical axis and the 
anatomic axis of the femur) can be used. This 
angle most commonly measures between 5° and 
7° of valgus. Studies have showed that this angle 
can vary from 3° to 11° of valgus [13]. Thus, an 
individualized femoral resection angle rather 

than a fixed resection angle should ideally be 
used (Figs. 1.3 and 1.4). In valgus knee, usually 
lesser angles of 3°–5° of valgus is required.

The tibial bone cut is undertaken perpendicu-
lar to the tibial mechanical axis. The amount of 
resection required usually is based on the com-
bined thickness of the tibial component and the 
thinnest available polyethylene component thick-
ness for the implant system being used, typically 
9–10 mm. This amount of bone resection should 
be performed on the unaffected side of the tibial 
plateau or, if both sides are affected, from the 
level of the pre-arthritic tibial plateau. In case of 
valgus knee, less bone is resected from the intact 
medial side (Fig. 1.5).

Finally, the femoral and tibial component siz-
ing is done. The templating is dictated most com-
monly by the anterior-posterior dimensions of 
the femur and tibia. Various digital and accurate 
templating techniques have been investigated and 
shown to be effective and reliable, and they 
reduce surgical time.

Fig. 1.2 Varus and valgus stress view

S. G. Kini
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1.5.1  Femoral Templating 
in Coronal Plane

A vertical line is drawn from femoral head centre to 
the centre of the knee. A second line is drawn along 
the anatomic axis of the femur (line bisecting the 
intramedullary axis of the femur) to the centre of the 
knee. The angle between them is the valgus angle 
for the distal femur cut. A third line is drawn per-
pendicular to the mechanical axis passing through 

the distal femoral condyles and the distal femoral 
resection is parallel to this perpendicular line. The 
femoral sizing template is placed along this line and 
the outline of the template is marked on the radio-
graph and the approximate size noted (Fig. 1.6a).

1.5.2  Tibial Templating in Coronal 
Plane

A line is drawn along the tibial shaft that bisects 
the centre of the knee and ankle. This represents 

Fig. 1.3 Determining the distal femoral valgus cut (angle 
formed by line connecting centre of head to knee and 
another line connecting the medullary axis of the femur to 
knee centre)

Fig. 1.4 Distal femur resection- extent of bone resection 
from the medial distal femoral condyle

1 Pre-operative Planning in Primary Total Knee Arthroplasty
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both the anatomic and mechanical axis. A line is 
drawn perpendicular to this, approximately 
8–10 mm from the lesser involved plateau (lat-
eral in a varus and medial in a valgus knee). This 
usually refers to the lateral compartment in a 
varus knee and the medial compartment in a val-
gus knee (Fig.  1.7a). If the planned resection 
does not reach the level of the more involved pla-
teau, then additional bone resection must be 
planned in order to seat the implant on that side 
or the use of cement, bone grafts or metal aug-
ments must be considered. In cases where direct 
bony support is not obtained, a stem tibial 
implant is ideally used.

1.5.3  Templating in the Sagittal 
Plane

The femoral condyle is more posterior in a prop-
erly rotated radiograph. For a posterior referenc-
ing system, template is placed in a way that 
touches the distal femoral surface and posterior 
medial femoral condyle. The femoral size is 
adjusted so as to the flange being flush with the 
anterior femoral surface. Larger sizes that over-
hang the anterior femur overstuffing the knee and 
smaller sizes that notch the femur should be 
avoided (Figs. 1.6b and 1.8).

A line is drawn along the centre of intramedul-
lary canal of the tibia. A second line is drawn per-
pendicular to the axis of the tibial shaft. A third 
line is drawn with 0°–7° of posterior slope as 
indicated by the implant design (Fig. 1.7b).

In a valgus knee, the primary deformity is 
hypoplasia of both the lateral distal and posterior 
femoral condyles accompanied by varying degree 
of lateral tibial bone loss. In such cases, the distal 
femoral resection angle may have to be reduced to 
3°–5° (or shift the femoral intramedullary entry 
point slightly medially). Also the external rotation 
on the femoral cutting jig may have to be increased 
by a few degrees to avoid placing the femoral 
component in internal rotation. On the tibial side, 
the resection should be to a minimum and should 
not exceed below the level of the fibular head.

1.6  Planning in Complex 
Primary Knee Arthroplasty

Knee arthritis associated with ligamentous instabil-
ity, bone loss and extra-articular deformities require 
meticulous pre-operative workup and selection of 
implant design and surgical technique.

1.6.1  Ligamentous Instability

Mild to moderate ligamentous instability in the 
coronal plane is usually corrected by removing 
osteophytes, sequential soft tissue releases and 
adjusting the bony cuts. Severe deformities may 
require varus–valgus constrained knee as desired 

Fig. 1.5 Tibial resection -extent of bone resection from 
the less involved side (medial side in case of valgus 
knee)
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stability sometimes cannot be obtained. Although 
some articles in literature have stated that TKAs 
with constrained implants will transfer stresses to 
the implant-bone interface, which can result in 
premature loosening, while other studies have 
shown that the survivorship of these implants is 
96% at long-term follow-up [14].

1.6.2  Extra-articular Deformity

Fracture malunion and metabolic disorders can all 
lead to extra-articular deformity in the limb. The 
impact of the deformity is comparable to the dis-
tance from knee joint. The closer the  deformity is 
to the joint, the greater its impact on knee align-

a b

Fig. 1.6 (a, b) Femoral templating in anteroposterior and lateral views of the knee

a b

Fig 1.7 (a, b) Tibial templating in anteroposterior and lateral views

1 Pre-operative Planning in Primary Total Knee Arthroplasty
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ment. Corrective osteotomies may improve the 
mechanical axis, and have been associated with 
satisfactory to excellent outcomes at short- to mid-
term follow-up, but these procedures are difficult 
and include the risk of non-unions. They can be 
safely combined with the arthroplasty procedure, 
or can be done as a two-stage process. Occasionally, 
the osteotomy improves pain and function suffi-
ciently, so that a subsequent arthroplasty is not 
necessary. The use of intra-articular bone cuts to 
correct joint alignment, using extramedullary 
guides, may be successful for a femoral deformi-
ties that are less than 20° in the coronal plane and 
less than 25° in the sagittal plane, or for tibial 
deformities that are less than 30° in the coronal 
plane [15, 16]. However, when templating if found 
that the region to be resected includes the insertion 
site of either collateral ligament, then a corrective 
osteotomy should be performed either in a staged 
fashion or at the time of primary TKA [17]. Recent 
advances in computer-assisted surgery and robotic 
surgery find its use in these cases [18].

This can sometimes obviate the need for a cor-
rective osteotomy or implant removal, thereby 
reducing the risk of complications. Deformity 
correction may result in ligamentous instability, 
so a choice of constrained devices must always 
be available.

1.6.3  Bone Loss

Bone defects can occur following trauma, oste-
otomies or severe knee angulations that have 
been present for long periods of time. For small 
defects of the tibia or femur (<10  mm), the 
remainder of the bone can be cut to match the 
depth of the defect. Varus deformity typically is 
associated with medial tibial bone defects, 
whereas valgus deformity is associated with 
central- lateral defects. Defect that involves <50% 
of the tibial plateau or is <5 mm in depth can be 
filled with cement as also cement and screw tech-
nique [19–21]. Management of larger defects 

Fig. 1.8 Post-operative radiographs of the templated knee
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includes metal augments and autogenous bone 
grafts. Modular metal augmentation provides 
more stable and durable knee revisions with lim-
ited peripheral bone defects up to 20-mm deep 
(Figs. 1.9 and 1.10). The augment that best fills 
the defect and, at the same time, removes little 
intact host bone should be used. Studies have 
shown promising results with regard to survivor-
ship of modular metal augments [22–25]. 
Extensive lesions can be associated with liga-
mentous instability that needs to be addressed.

1.7  Selecting the Right 
Implant Size

Femur sizing—An undersized femoral implant in 
posterior referencing technique can lead to notch-
ing of the femur whereas anterior referencing 
technique can lead to large flexion gap and flex-

ion instability. An oversized implant or flexion of 
the distal femoral cutting guide can lead to stuff-
ing the patellofemoral joint causing anterior knee 
pain and irritation of extensor mechanism. 
Flexion of the femoral component may prevent 
full extension specially in a posterior substituting 
design due to tibial post impinging on the ante-
rior box. Notching the femur with undersized 
component also risks a peri-prosthetic fracture 
and necessitates stems intra-operatively depend-
ing on extent of notching.

Tibial sizing—The tibial component size 
must correspond to the femoral component in 
an acceptable match which varies by manufac-
turer. Undersized tibial component can lead to 
subsidence in the centre while oversizing may 
lead to overhand and soft tissue impingement. 
Medial tibial overhang is poorly tolerated in 
comparison to its lateral counterpart and hence 
complete exposure of the tibial plateau is man-
datory before tibial sizing. Impingement is 
common in posterolateral corner due to non-
anatomic design of some components and 
hence has to be externally rotated for optimal 
patellofemoral tracking. The tibial component 
slope varied from 0° to 7° depending on the 
implant manufacturer and surgeon preferences. 
Excessive slope will increase knee flexion but 
also may lead to flexion instability. When com-
bined with femoral flexion, it can limit full 
knee extension and lead to excessive anterior 
tibial post wear in a posterior stabilized design. 
Similarly reducing slope may lead to symmet-
ric extension instability.

1.8  Summary

Pre-operative planning is crucial in total knee 
arthroplasty. Applying surgical principles dur-
ing the index procedure enables the surgeon to 
obtain reproducible results and thus a favour-
able  outcome. A detailed pre-operative history, 
meticulous physical examination and accurate 
radiographic templating can result in a precise 
plan that helps the surgeon to successfully 
reconstruct the knee and anticipate potential 
complications.

Fig. 1.9 Templating showing the extent of medial defect 
in a varus knee anticipating the use of augmentation

1 Pre-operative Planning in Primary Total Knee Arthroplasty
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2.1  Introduction

Total Knee Replacement is a routinely performed 
surgical procedure. To ensure the success of the 
procedure, good surgical exposure is a prerequi-
site. Inadequate surgical exposure can lead to 
increased risk of intraoperative complications 
like component malalignment, injury to MCL, 
and postoperative complications like infection, 
stiffness, and chronic pain.

Tourniquet
Use of tourniquet is as per the surgeon’s prefer-
ence. Tourniquet should be applied high up on 
the thigh and most of the length of the quadriceps 
muscle and tendon should be pulled down to 
ensure adequate knee flexion and eversion of 
patella. Tourniquet should be inflated with the 
knee in flexion so that maximum length of exten-
sion apparatus remains below the tourniquet, thus 
allowing unrestricted knee flexion and patella 
eversion.

Approach to a Patient with Previous Skin 
Incision

Whenever multiple vertical incisions are present, 
the lateral-most incision is selected to avoid lat-
eral flap necrosis, which is at risk because the 
cutaneous blood supply to the knee runs from 
medial to lateral direction. If a new incision needs 
to be planned, a skin bridge of at least 5  cm 
should be ensured. The blood supply to the skin 
of the anterior aspect of the knee is through per-
forating arteries, which run in the muscular fas-
cia. Therefore, medial and lateral flaps if need to 
be created should be deep to the muscular fascia 
to avoid skin necrosis.

In case a horizontal skin incision is present, 
surgical incision should be given at right angle or 
at least at an angle of 60°.

2.2  Anteromedial Parapatellar 
Approach

The approach starts with a midline longitudinal 
skin incision starting 5 cm proximal to superior 
pole of patella and extending to medial aspect of 
tibial tuberosity. Medial and lateral flaps are 
raised adequately to ensure that the quadriceps 
tendon forming the central part of the extensor 
mechanism and medial border of patella are 
clearly visible. Medial parapatellar arthrotomy is 
then done starting the incision proximally leaving 
a 3–4 mm cuff of tendon attached to vastus medi-
alis to help in closure. The arthrotomy is then 
curved around the medial border of patella leav-
ing a cuff of 1 cm. Distally the medial border of 
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patella tendon should be palpated and incision 
should be given just medial to it for a length of 
3–4  cm over anteromedial tibia leaving a suffi-
cient soft tissue medially for closure (Fig. 2.1a, b).

Lateral patellofemoral plicae can be incised 
with knee in extension for better patella mobility 
and easier eversion of patella. Patella is then 
everted/subluxated in extension and the knee is 
then flexed. Anteromedial capsule and deep part 
of MCL is then elevated subperiosteally till 
 posteromedial corner of the knee. The infrapatel-
lar fat pad is excised. In case there is any risk of 
patella tendon avulsion, a headed pin can be used 
to fix the patella tendon at its insertion over tibial 
tuberosity. With the knee flexed, both medial and 
lateral menisci along with ACL are excised. PCL 
is either sacrificed or spared depending upon 
whether cruciate-sacrificing or cruciate-retaining 
TKR is being planned.

Anteromedial exposure is the utilitarian 
approach and most commonly used for total knee 
replacement. The potential problems include 
extensor mechanism disruption which destabi-
lizes patella and may lead to patellofemoral mal-
tracking [1]. This increases the need for lateral 
release in anteromedial approach as compared to 
other less disruptive approaches. Vascular supply 
to patella is at risk during the medial parapatellar 
approach especially if a lateral release needs to 
be done. Superior lateral genicular artery may get 
disrupted during the lateral release and this may 

be the last remaining blood supply to patella after 
medial parapatellar arthrotomy and fat pad exci-
sion [2]. There is generally a patch of hypoesthe-
sia around the medial aspect of knee when this 
approach is used. It is due to injury to infrapatel-
lar branch of saphenous nerve, which becomes 
subcutaneous at medial aspect of the knee after it 
pierces the fascia between sartorius and gracilis. 
It is the main sensory nerve supplying this region 
and injury to this nerve can lead to formation of a 
painful neuroma [2].

2.3  Alternate Approaches

Midvastus and subvastus approaches are alter-
nate approaches to anteromedial approach and 
medial parapatellar arthrotomy. A number of 
advantages have been proposed for these 
approaches. There is no disruption of vastus 
medialis insertion and extensor apparatus thus 
allowing early rehabilitation. Also, the need for 
lateral release is decreased, and the patellofemo-
ral tracking is better. Vascular supply of patella is 
better preserved in these approaches.

2.3.1  Subvastus Approach

In subvastus approach, the vastus medialis is 
lifted off the intermuscular septum [3]. It should 

LateralMedial

baFig. 2.1 (a) 
Anteromedial 
parapatellar approach. 
(b) Intraoperative 
picture of anteromedial 
parapatellar approach
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be avoided in obese patients, in patients who have 
bulky vastus medialis, patients with short femur, 
or patella baja, and in those who had previous 
High Tibial Osteotomy (HTO) and medial parapa-
tellar arthrotomy. It starts with a routine anterior 
midline incision starting around 5 cm above the 
superior pole of patella and ending just medial to 
tibial tuberosity. The deep fascia over the quadri-
ceps tendon is identified and incised in the mid-
line. The fascia is  palpated over the proximal end 
of the incision and if found tight, it could be fur-
ther released proximally. The inferior border of 
vastus medialis is then exposed and the muscle is 
lifted off the intermuscular septum using blunt 
dissection for about 10 cm proximal to the adduc-
tor tubercle. Inverted L-shaped capsulotomy is 
then done with the vertical limb along the medial 
border of patella tendon and the horizontal limb 
running along the inferior border of vastus media-
lis (Fig. 2.2a–c). Anterior horn of medial menis-
cus is then divided and medial subperiosteal 
release is then done in a routine fashion.

Besides the advantages of early rehabilita-
tion, improved patellofemoral tracking and 
decreased need for lateral release are other 
advantages that have been reported in literature. 
There are studies reporting improvement in post-
operative flexion by using subvastus approach 
because the quadriceps release is done as a part 

of the procedure [4]. The approach is technically 
difficult and the patella cannot be replaced using 
this approach.

2.3.2  Midvastus Approach

Engh et  al. popularized midvastus approach for 
TKR [5]. The main reason for introduction of 
midvastus approach was preservation of quadri-
ceps and extensor mechanism. Midvastus 
approach has been proposed as an alternate 
approach for TKR. The insertion of vastus medi-
alis on quadriceps tendon is not damaged with 
the advantage of early rehabilitation and 
improved patellofemoral tracking and decreased 
need of lateral release [6]. The midvastus 
approach is relatively contraindicated in patients 
with obesity, in patients with flexion deformity, 
preoperative flexion <80°, previous high tibial 
osteotomy, and hypertrophic arthritis.

The approach starts with a longitudinal mid-
line skin incision. The capsulotomy is done along 
the medial border of patella and medial patella 
tendon leaving a cuff of 1 cm. The superficial fas-
cia over quadriceps is incised for around 5 cm. 
Vastus medialis is then split along the direction of 
its fibers for a length of around 4–6 cm. The knee 
is then flexed and rest of the approach is similar 

Medial Lateral
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Fig. 2.2 (a) Subvastus approach. (b) Incision for subvastus approach marked with pen. (c) Intraoperative picture show-
ing the horizontal limb of the incision and release of the vastus medialis from the intermuscular septum
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to the routine anteromedial approach 
(Fig. 2.3a–c).

Comparison of Anteromedial Approach with 
Subvastus and Midvastus Approaches
All three approaches are able to provide adequate 
exposure for total knee replacement. The potential 
benefits of subvastus and midvastus approaches 
are reduced need to perform lateral release, less 
blood loss, less postoperative pain, and faster 
recovery of quadriceps function. There are some 
potential problems associated with both the 
approaches. In subvastus approach, besides the 
difficulty in exposure in obese and muscular 
patients, there is a risk of hematoma formation 
below the vastus medialis obliqus (VMO) and 
excessive stretching of VMO muscle fibers. In 
midvastus approach, there is a risk of denervation 
of VMO muscle fibers.

A large number of studies, systematic review, 
and meta-analysis have been done to compare the 
standard medial parapatellar arthrotomy approach 
with midvastus and subvastus approaches. The 
less invasive approaches are found to have a sta-
tistically significant advantage in terms of VAS 
score, KSS score, and knee ROM in the early 
postoperative period (2–4 weeks) with no statisti-
cal significant difference in late postoperative 
period (>3 months) [7].

2.4  Anterolateral Approach

For mild valgus deformities <20°, standard 
medial parapatellar arthrotomy with minimal 
medial subperiosteal release and use of pie crust-
ing technique to release the tight lateral structures 
are usually enough [8, 9].

For deformities >20° anterolateral approach 
should be used [10]. It was first described by 
Keblish for valgus knees [11]. There were some 
concerns regarding his initial approach due to 
possible need of tibial tubercle osteotomy and 
difficulty in closure. This was later modified and 
quadriceps snip was used instead to tibial tuber-
cle osteotomy and coronal z-plasty of the lateral 
retinaculum and capsule complex replaced the 
longitudinal lateral arthrotomy. The “expanded 
lateral structures,” which included the lateral reti-
naculum and lateral fat pad meniscal flap, were 
used for lateral joint closure [10].

Anterolateral approach starts with an anterior 
midline incision. Lateral skin flap is raised. This 
is followed by doing a coronal z-plasty of the lat-
eral retinaculum so that we have superficial 
anteromedial layer and a deep posterolateral 
layer. The retropatellar fat pad and lateral menis-
cus are included in the lateral flap. This is fol-
lowed by release of iliotibial band from the 
Gerdy’s tubercle. If needed, the incision may be 

Medial Lateral
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Fig. 2.3 (a) Midvastus approach. (b) Midvastus approach marked with a pen. (c) Intraoperative picture showing the 
midvastus approach
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extended to the anterior compartment fascia. 
Superiorly, rectus tendon is incised along its lat-
eral margin. Proximal lateral release is then done 
as a sleeve till the middle of the lateral condyle 
[10]. Quadriceps snip may be needed in patients 
with difficult exposures running from distal lat-
eral to proximal medial direction (Fig. 2.4a–c).

2.5  Quadriceps Snip

Quadriceps snip is usually needed in cases of dif-
ficult exposures, when adequate flexion cannot 
be achieved with usual approach and releases. It 
is an oblique proximal extension of the parapatel-
lar arthrotomy from the distal medial to proximal 
lateral direction in the anteromedial approach 
(Fig. 2.5a, b) and vice versa in case of anterolat-

eral approach. Closure of quadriceps snip is just 
an extension of closure of the parapatellar 
arthrotomy. There is no change in rehabilitation 
for patients in whom quadriceps snip is done.

2.6  Summary

A meticulous exposure of the knee is a prerequi-
site for a successful outcome of 
TKR.  Anteromedial approach with medial 
parapatellar arthrotomy is sufficient in most of 
the cases. Less invasive approaches like subvas-
tus approach and midvastus approach have their 
own merits and limitations. They have estab-
lished benefits in terms of faster recovery and 
lesser requirement of lateral release. However, 
less invasive approach should not be confused 

Medial Lateral

ba c

Fig. 2.4 (a) Anterolateral approach. (b) Anterolateral approach (Picture credit—Dr. Satish BRJ). (c) Anterolateral 
approach (Picture credit—Dr. Satish BRJ)

LateralMedial

baFig. 2.5 (a) 
Diagrammatic 
representation of a 
quadriceps snip. (b) 
Intraoperative picture of 
a quadriceps snip as an 
extension of medial 
parapatellar osteotomy
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with smaller skin incision. Anterolateral approach 
may be required for severe valgus deformities 
(>20°). In cases with difficult knee exposures, 
quadriceps snip can be done as an extension of 
medial parapatellar arthrotomy.
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3.1  Introduction

Over the period, there have been various prosthe-
sis types used in total knee arthroplasty (TKA). 
There have been various cycles of development, 
failure, and redevelopment in the history of TKA 
prosthesis in the past 40 years.

In the 1970s, unicondylar, duocondylar, or 
hinged prosthesis was used. But all of them were 
abandoned due to less success rate then. After the 
development of a total condylar type of knee 
prosthesis, it became a base model for future 
TKA. Recently in selected patients, unicondylar 
prosthesis has produced good outcomes. Hinged 
or constrained type of prosthesis has proven to be 
of importance in revision surgeries. Since knee 
joint movement is not limited only to flexion- 
extension but also there are rotational movements 
near full extension between tibia and femur, so to 
mimic those, mobile-bearing joints came into 
use. Recently non-cemented knee prosthesis is 
gaining a lot of attention. To increase the function 
and endurance, efforts and research are continu-
ously put in on the development of new 
materials.

3.2  History of TKA

3.2.1  Early Prosthetic Models

3.2.1.1  Interposition and Resurfacing 
Prostheses

The concept of modifying the articular surfaces 
and improving knee joint function has gained 
attention since the nineteenth century. In 1860, 
Verneuil suggested reconstruction of articular 
surface of joints by using the interposition of soft 
tissues. Subsequently, pig bladder, nylon, fascia 
lata, prepatellar bursa, and cellophane were some 
of the materials used for this purpose [1, 2]. But 
none of the results were promising. In 1860, 
Ferguson increased mobility by creating a new 
subchondral surface after resection of the entire 
knee joint (Fig.  3.1) [3]. These early attempts 
were usually performed on knees that had anky-
losis and deformity secondary to tuberculosis or 
other infectious processes. The results of this 
procedure were not satisfactory and were limited 
to rare occasional attempts in severe cases.

In 1890, Gluck created the first model of hinge 
prosthesis but was probably never implanted [1, 
4]. Boyd in 1938, Campell in 1940, Cabitzain 
1950, Kraft and Levinthal in 1954 replaced only 
femoral part of the joint whereas Burman in 
1944, Kiaer in 1963, Macintosh in 1956 replaced 
the tibial surface (Fig. 3.2). Vitallium the material 
which was used in hip arthroplasty at that time 
was introduced in knee replacement by him, but 
owing to early loosening it was not popularized. 
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He introduced the flexion-extension gap concept 
for gaining balance of ligament by using spacers 
[4, 5].

Parallel to the concepts of interposition and 
later on surface replacement, a second line of 
development of TKA happened. In 1951, a 
hinged prosthesis was developed by Walldius that 
bears his name [6, 7]. Acrylic was used initially 
and later on was replaced by metal. The tech-
nique to use this prosthesis was easy to perform 
since all soft tissue and ligaments were removed 
and the intramedullary stem aligned with the arti-
ficial knee joint by itself providing mechanical 
and structural stabilities. In 1950s and 1960s 
hinged TKA gave a satisfactory outcome. This 
hinged prosthesis had several limitations like the 
use of a simple hinged prosthesis to replace the 
native knee joint (which has complex move-
ments). This resulted in high failure rates due to 
early loosening due to overloading of prosthesis 
and bone contact surface [8]. Following this 
hinged prosthesis, a Guepar prosthesis was devel-

oped which shifted the axis of rotation posteri-
orly [8, 9]. Due to its failure to take into account 
complex rotational movements of the knee this 
design also lead to failures (Fig. 3.3).

The 1970s saw the invention of the first 
design, which then led to the development of the 
implants that are currently in use today. Several 
other concepts and technologies from then are 
still in practice. The development of knee pros-
thesis was based on two basic concepts. One 
design tried to reproduce the normal knee kine-
matics by trying to recreate the normal anatomy. 
Other models concentrated on function primarily 
than anatomy by concentrating on mechanics of 
knee. The concept of emphasizing on mechanics 
of the knee over anatomy became the basic 
model for designing TKA prosthesis in the last 
30 years. However, in the past few years in order 
to improve the function of prosthesis and satis-
faction of patient, the first model which recre-
ated native knee anatomy and kinematics has 
gained interest [8, 10].

a b
Fig. 3.1 Resection 
arthroplasty (Goldman 
AH, Clark NJ, Taunton 
MJ, Lewallen DG, Berry 
DJ, Abdel MP. Definitive 
Resection Arthroplasty 
of the Knee. The Journal 
of Arthroplasty. 2020 
Mar 1;35(3):855–8.)
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The advances in material science resulted in 
fast development in knee prosthesis design. In 
1963 development of the original polyethylene 
was done. And in 1971, methyl methacrylate got 
permission to be used as bone cement for medical 
devices by FDA. The advances that were intro-
duced by Dr. John Charnley not only revolution-
ized hip arthroplasty but also many of those 
concepts were applied in TKA [10].

Based on the concept of low friction hip 
arthroplasty by Charnley, in 1971 Gunston used 
metallic runners which were fixed to femoral 
condyles that went on to articulate with polyeth-
ylene troughs of the tibial plateau. Collaterals 
and cruciate ligaments were preserved in 
Gunston’s knee arthroplasty. It consisted of artic-
ulation between round femoral prosthesis replac-
ing the posterior femoral condyles and flat tibial 
surface and high-density polyethylene fixed 
using bone cement. Although there was signifi-

cant pain relief in short-term follow up with sig-
nificantly better longevity of prosthesis, it failed 
due to inadequate fixation to the native bone [11, 
12].

Next was Geomedic knee developed by Dr. 
Coventry, at the Mayo Clinic along with Mr. 
Averill (Fig.  3.4). Cruciate ligaments were pre-
served in Geomedic knee. But due to cruciate 
preservation and conforming articular geometry, 
there was difference in knee kinematic resulting 
in loosening of implant [13, 14].

But the real apotheosis of the currently used 
TKA prosthesis in terms of concept as well as 
design was bicompartmental knee prosthesis 
called Freeman-Swanson developed by a surgeon 
and Professor of Mechanical Engineering Drs. 
Michael Freeman and SAV Swanson, respec-
tively, in 1973. Conceptually, it is not only con-
centrated on mechanical stability but also on the 
function of conserving the anatomy. Several 

Fig. 3.2 Macintosh arthroplasty in rheumatoid arthritis (Andersson GB, Jessop J, Freeman MA, Mason RM. Macintosh 
arthroplasty in rheumatoid arthritis. Acta Orthopaedica Scandinavica. 1974 Jan 1;45(1–4):245–59.)
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goals of design for the prosthesis were explained 
by Freeman and colleagues. Few essential ones 
were the following:

 1. Efforts should be made to reduce the risk of 
loosening:

 (a) There should not be complete congruence 
between femoral and tibial components 
of the prosthesis in order to avoid the 
transmission of varus, valgus, or rotatory 
moments in between prosthesis and bone 
interface.

 (b) There should be minimum friction 
between the components.

 (c) Any moment limiting hyperextension 
should not be sudden but rather should be 
gradual.

 (d) The fitting of prosthetic components to 
the native bone should be in such a man-
ner that the load distribution is over the 
largest area of bone–prosthesis interface.

 2. Removal of bone during TKA should be mini-
mum and should be similar to the bone 
removed during arthrodesis. It should keep 
big, flat cancellous surface for implantation. 
And a rescue procedure should be available 
easily.

 3. Dead space between the components should 
be as little less as possible in order to avoid 
the possible risk of infection.

 4. Long intramedullary stem and intramedullary 
cement should be minimal to avoid the 
infection.

 5. There should be efforts to minimize the gen-
eration of debris to as little less as possible 
and whatever debris is generated; they should 
be as innocuous as possible. This concept led 

Fig. 3.3 GUEPAR hinge knee (Len, Le Nobel J, Fp 
P.  Guepar Total Knee Prosthesis: Experience At The 
Vancouver General Hospital.)

Fig. 3.4 Geomedic knee (Carr BC, Goswami T.  Knee 
implants–Review of models and biomechanics. Materials 
& Design. 2009 Feb 1;30(2):398–413.)
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to use as large as possible metal-on-plastic 
bearing surfaces to reduce the surface stress.

 6. There should be availability of standard inser-
tion techniques.

 7. The implanted prosthesis should at least pro-
vide a range of motion from 5° of hyperexten-
sion to 90° of flexion.

 8. There should be some restriction of free 
rotation.

 9. Soft tissue should restraint excessive range of 
motion in all directions, especially by collat-
eral ligaments [15].

Even today majority of these concepts are 
valid, although there were two points in the 
Freeman report which are controversial. First is 
the role of cruciate ligament in knee replacement 
and secondly the necessity to replace the patel-
lofemoral joint and patellar resurfacing (Fig. 3.5).

In order to match and mimic the normal anat-
omy of knee joint toward the mid-1970s duocon-
dylar interposition was designed. Where the 
femoral component constituted two unicondylar 
prosthesis which were connected anteriorly via 
bridge and were wider than previous polycentric 
knee and was articulated with two flat tibial 
instruments [16] (Fig. 3.6).

By taking inspiration from the model of 
Duocondylar prosthesis Insall et  al. (1974) 
developed Total Condylar (TC) prosthesis con-
centrating on the concept of functional TKA 
(similar to the Freeman-Swanson) [17]. This 
total condylar prosthesis was the real pathbreak-
ing model because it was truly the first model 
that not only gave long longevity of implant but 
also dependable and easily reproducible results. 
And hence this total condylar prosthesis by 
Insall and Gunston is considered the first “mod-
ern prosthesis.” In this model cruciate ligaments 
were not retained. The femoral condyles had a 
change in radius curvature posteriorly and con-
dyles were made symmetrical. To aid in patellar 
tracking there was flange and trough anteriorly. 
In order to give mediolateral stability, there was 
a short post replacing the tibial eminence [12, 
17, 18]. In order to avoid the anterior sublux-
ation, there was addition of a central post to 
engage femur during flexion in TC II. Although 
due to loosening resulting from more forces 
from this central post its use was discontinued 
early but it laid foundation to PS design. Other 
design models that were based on TC design 
were Press-Fit Condylar (PFC) and PFC Sigma 
(DePuy) [19] (Fig. 3.7).

Fig. 3.5 Freeman-Swanson prosthesis (Carr BC, 
Goswami T. Knee implants–Review of models and bio-
mechanics. Materials & Design. 2009 Feb 
1;30(2):398–413.)

Fig. 3.6 Duocondylar prosthesis (Comitini S, Tigani D, 
Leonetti D, Commessatti M, Cuoghi F. Evolution in knee 
replacement implant. Single Cell Biol. 2014;4:109.)
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1974 The first metal baseplate for tibia with dif-
ferent polyethylene inserts was designed by Dr. 
Eftekhar. Tibial poly came initially in 6, 10, and 
15 sizes [20, 21].

1975 Dr. Pappas and Buechel around the same 
time developed the New Jersey Knee which was 
named low contact stress (LCS) due to mobile 
bearing and rotating platform which was the first 
of its kind [22, 23].

1975 The origin of CR-TKA occurred when Dr. 
Merril Ritter suggested a change into the tibial 
component of TC prosthesis by cutting the pos-
terior inlet to preserve posterior cruciate liga-
ments [12].

1978 By making a Posterior-Stabilized design, 
the limitation of the Total Condylar prosthesis 
was changed by the Insall–Burstein prosthesis. It 
created a femoral roll back at 70° by engagement 
of central cam on femur and posterior part of 
tibial post thus shifting the point of contact pos-
teriorly. This Insall–Burstein knee gave the 
inspiration to the current PS design. Patellar dis-

location was one of the major drawbacks of 
Insall–Burstein knee. To correct it the future 
models had asymmetrical anterior flange, which 
improved patellofemoral tracking [12, 18, 24] 
(Fig. 3.8).

3.2.2  Cruciate Excision, Retention, 
and Substitution

The TCP excised cruciate ligaments whereas 
Duo patellar prosthesis retained the cruciate liga-
ment. Duo patellar prosthesis originated with two 
different tibial plateaus, which were made into 
one eventually and central fixation peg was intro-
duced [25].

In order to replace PCL and to produce femo-
ral roll back TCP was modified by introducing 
Cam on femoral component and a central post on 
tibial polyethylene. With the use of posterior- 
stabilized prosthesis, it was soon realized that 
only cruciate excision was not enough. The 
advantages and disadvantages of PCL retention 
versus substitution is a matter of debate even 
today after many years of its use. These two dif-
ferent models formed the basis to the future mod-
els of knee prosthesis. The ligaments should be 
well balanced if PCL is retained. PCL retention 
had several hurdles like chance of PCL rupture 
causing instability in flexion, difficulties in bal-
ancing ligaments. These problems led to the dis-
covery of deep-dish polyethylene inserts, which 
have become part of many CR prosthesis. These 
inserts restrict anterior translation of femur over 
tibia due to their conforming articular surface in 
coronal and sagittal planes.

The main aim of Posterior-Stabilized (PS) 
TKA is to produce mechanical alignment. In PS 
knee perpendicular to mechanical axis, the femo-
ral and tibial cuts are taken. In PS-TKA, contact 
point of femur and tibia is shifted posteriorly dur-
ing 40°–90° knee flexion by using post and cam 
mechanism on tibia and femur, respectively. This 
posterior femoral roll back allows greater range 
of flexion by creating more offset before the 
beginning of impingement. At the inception of 
knee replacement when femoral roll back was not 
considered, the knee flexion was limited to 90°. 

Fig. 3.7 Total condylar prosthesis (Vince KG, Insall JN, 
Kelly MA. The total condylar prosthesis. The Journal of 
bone and joint surgery. British volume. 1989 
Nov;71(5):793–7.)
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As compared to the anatomical femoral roll back, 
in PS-TKA is only 80%. Still as compared to 
CR-TKA designs, it is thought to produce a more 
reliable roll back. As per kinematic studies, ter-
minal flexion achieved by PS-TKA is similar to 
CR-TKA (125°–130°) which is little less than 
normal knee flexion (approximately 140°) [26–
28] (Fig. 3.9).

3.3  Cruciate Retaining (“PCL 
Retaining,” CR-TKA)

In CR-TKA to restrict the anterior translation of 
femur over tibia during knee flexion, the native 
PCL is used and hence it does not have cam and 

post mechanism in the prosthesis. During flexion 
knee is stabilized due to PCL. Studies conducted 
to compare CR-TKA with retaining PCL to 
CR-TKA without PCL showed decreased kine-
matics of the knee, reduced posterior translation 
of LFC, and anterior translation of MFC with 
absent PCL, proving the vital role of PCL in knee 
kinematics. In spite of these benefits, the major 
risk for CR-TKA is that the soft tissue in arthritic 
and deformed knee is usually attenuated and may 
not function over a long period, thus making 
patients prone to losing kinematic function on a 
long term if PCL fails. Also, some studies have 
proven that in spite of understood PCL function-
ality the femoral roll back produced by CR-TKA 
is less consistent as compared to PS-TKA, the 

THE EVOLUTION OF THE CONDYLAR TOTAL KNEE FROM 1970 TO 1980
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Fig. 3.8 The evolution of the condylar total knee replace-
ment 1970–1980 (Insall JN, Clarke HD. Historic develop-
ment, classification, and characteristics of knee prostheses. 

Insall and Scott. Surgery of the Knee. 
2001;2:p1516–1552.)
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paradoxical anterior translation and LFC roll 
back is shown by CR-TKA [26–31] (Fig. 3.10).

3.4  Highly Congruent Liner 
(Anterior Stabilized)

In this prosthesis, there is no post and cam mech-
anism and PCL is sacrificed. Here stability and 
kinematic control are offered by Highly 
Congruent Liner (HCL) giving highly conform-
ing articular geometry. The medial femoral con-
dyle (MFC) and the lateral femoral condyle 
(LFC) in native knee do not move same. MFC 
acts as a pivot center by being fairly immobile, 
whereas during flexion LFC moves posteriorly 
causing femoral roll back and external rotation. 
This motion is guided by the liner using high 
articular congruence. MFC is holed in place by 
medial side concavity which is spherical, whereas 
LFC is allowed to glide posteriorly during flexion 

because lateral side is like slot. And to prevent 
anterior translation of femur anterior lip poly is 
raised [32, 33].

3.5  Bicruciate Retaining 
(BCR-TKA)

As oppose to the PS, CR, and HCL which are 
mechanical design variation, Bicruciate Retaining 
prosthesis (BCR-TKA) is an anatomical varia-
tion design and its similar to unicondylar pros-
thesis. In this design patients’ normal joint line, 
i.e. an average 3° of varus is tried to recreated. 
Tension of soft tissue, articular geometry, 
 contraction of muscle guides the knee motion 
usually. Knee kinematics can be driven power-
fully if the collateral ligaments and ACL and PCL 
ligaments are all being preserved even without 
balancing. And hence in order to reduce articular 
congruence liner is completely flat. This avoids 
the kinematic difference, i.e. pulling of a liga-

Fig. 3.9 Posterior-stabilized implant

Fig. 3.10 A cruciate-retaining implant
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ment in one direction and liner pulling knee 
motion in another direction. This contributed to 
early failure of anatomic knee models. As com-
pared to standard TKA, BCR-TKA as a proce-
dure is more challenging as soft tissues need to 
be preserved. Similar to UKA, BCR-TKA also 
has strict guidelines with respect to selecting 
patients like there should be minimal deformity, 
ligaments should be intact [34, 35] (Fig. 3.11).

3.6  Mobile Bearing Versus Fixed 
Bearing Total Knee 
Arthroplasty

The fixed bearing (FB) conventional TKA has 
stood by test of time over the years. Long-term 
studies showing great results were mostly con-
ducted on elderly patients undergoing TKA who 
are with low activity levels. But since now the 
age group undergoing TKA is shifting to younger 
lot having high functional demand, in order to 

achieve higher longevity and better clinical out-
comes mobile bearing (MB) inserts are suggested 
(Fig. 3.12).

In order to minimize the possible wear and 
eventual loosening of implant with FB, MB were 
designed. In FB complex, multidirectional 
motion is converted to unidirectional motion in 
between two bearing surfaces, whereas by 
increasing contact area and reducing the contact 
stress MB allows a more congruent surface. MB 
had the challenge to reduce the wear between 
tibial baseplate and Polyethylene (PE) insert. In 
order to allow the desired locking in tibial base-
plate, FB were made of titanium alloy which 
failed to give a smooth surface for PE whereas 
MB tibial baseplates were made of highly pol-
ished cobalt–chromium alloy. Due to more physi-
ological sagittal gait kinematics, MB increased 
knee flexion and knee range of motion.

MB had an added advantage of self-correcting 
any mismatch between tibia and femur and thus 
giving a better result with respect to patellofemoral 
mechanics and thus reducing anterior knee pain and 
patellar clunk syndrome. In spite of the advantages, 
MB came with a potential risk of PE dislocation due 
to mobility between tibial baseplate and the insert. 
0–9.3% incidence has been reported for PE disloca-
tion. Oxford Unicompartmental Knee (Biomet, 
Warsaw, IN, USA) is the first commonly used MB 
model. It was introduced in 1976 and used till date. 
After that Low Contact Stress (LCS, formerly New 
Jersey Knee, DePuy, Warsaw, IN, USA) followed.

As the evaluation of MB devices happened 
over the years it is been referred to different 
designs based on their mobility. Free rotation of 
PE insert around the tibial central axis is allowed 
by the rotating platform; unconstrained move-
ment is facilitated by meniscal-bearing whereas 
gliding and some rotational movement are facili-
tated by rotating/translating model [36–38].

3.7  Non-cemented Versus 
Cemented Knee Prostheses

Non-cemented fixation in TKA was developed in 
1980 due to concern about the tolerance of bone 
cement fixation over long term. It was initially 

Fig. 3.11 Bicruciate-retaining TKA (Lombardi Jr AV, 
McClanahan AJ, Berend KR.  The bicruciate-retaining 
TKA.  In Seminars in Arthroplasty 2015 Jun 1 (Vol. 26, 
No. 2, pp. 51–58). WB Saunders.)
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invented by Hungerford et al. as a porous-coated 
anatomic design. Surface topography on this 
prosthesis helps the bone ingrowth in it. They are 
usually coated or textured so that on the surface 
of implant new bone is formed. And till the bone 
ingrowth occurs screws or pegs are used to stabi-
lize the prosthesis. As compared to cemented 
prosthesis, uncemented is dependent on bone 
ingrowth and hence requires a longer healing 
period.

Due to aseptic loosening and bone loss, there 
were higher failure rates with non-cemented 
implants as compared to cemented ones. Since 
non-cemented implants have not been used for 
that long it is difficult to have a comparison with 
cemented implants [39, 40] (Fig. 3.13).

3.8  Constrained Condylar Knee 
Prosthesis

There are ligament attenuation resulting in laxity 
and imbalance along with bone loss in revision 
TKA giving poorer outcomes. Soft tissue defect 
causing the coronal plane movement is restricted 

by constrained condylar knee prosthesis. 
Tangential anterior-posterior stress across pros-
thesis interface is reduced by CCK by allowing 
change of center of rotation during flexion. When 
LCCK was used excessive constraint was a major 
concern resulting in early loosening and failure 
[41, 42] (Fig. 3.14).

3.9  Polyethylene in TKA

The use of polyethylene in TKA ranges back to 
mid-twentieth century. Progress in manufactur-
ing of material and processing over the past few 
decades has caused development of new polyeth-
ylene with various properties. One of the major 
reasons for the late failure is due to particle- 
induced PE wear. Few poly added vitamin E to 
counteract the effect of free radical but no such 
study is available to show the long-term superior-
ity. The newer highly cross-linked PE has revolu-
tionized total hip arthroplasty in view of wear 
rate but similar results have not been reproduced 
in knee arthroplasties. Fracture of tibial post, 
locking mechanism disruption leading to 

Femoral
implant Femoral

implant

Polyethylene
bearing Polyethylene

bearing

Tibial insert
Tibial insert

Fixed Bearing Option Mobile Bearing Option

Fig. 3.12 Fixed bearing and mobile bearing
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increased wear rate are the major risk factor of 
using highly cross-linked PE in TKA.  Recent 
guidelines suggest the use of highly cross-linked 
polyethylene with caution and use should be lim-
ited to younger active individuals [43] (Fig. 3.15).

3.10  Metals Used in TKA

Femoral components are mainly made up of tita-
nium and cobalt–chrome–molybdenum alloy 
(CoCrMo). CoCrMo TKA prostheses have a 
good survival rate of over more than 15-year 
post-operatively as per several reports [44, 45]. 
Metal hypersensitivity, aseptic loosening affect-
ing over 10% of the population affects long-term 
longevity of implants resulting in failure. As 
compared to the existing material Alumina zirco-
nia ceramic being highly scratch resistant has 
shown significant improvement in performance 
[46, 47].

3.11  Summary

Over the past 40 years, there have been various 
prosthesis types used in total knee arthroplasty 
(TKA). There have been various cycles of devel-
opment, failure, and redevelopment in the history 
of TKA prosthesis. A better understanding of 

Fig. 3.13 Cementless total knee replacement

Fig. 3.14 Constrained condylar knee prosthesis

Fig. 3.15 Antioxidant polyethylene
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anatomy, biomechanics, and properties of materi-
als used for prosthesis has made a lot of changes 
in knee prosthesis in terms of design, longevity, 
and method of implantation. This has led to a 
wide variety of implant options available for 
TKA in today’s time.

Although various options are available in 
terms of prosthesis in TKA, PS and CR knee 
remain to be the most widely used TKA prosthe-
sis with each having its own merits and demerits 
as discussed. With the invention of mobile- 
bearing designs, there has been potentially 
increased longevity which has given hope for 
replacement in younger active individuals with 
high activity demand. Even today debate exists 
about the various types of prostheses and the 
advantage of one over the other. Choice of pros-
thesis should be individualized.
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Basics in Total Knee Arthroplasty: 
A Step-by-Step Approach 
to a Varus Knee

Mrinal Sharma 

4.1  Introduction

Degenerative arthritis of the knee commonly 
presents with a varus deformity. Varus deforma-
tion leads to progressive erosion of cartilage on 
the medial proximal tibia, osteophyte formation 
causing tenting of the medial collateral ligament 
and progressive soft tissue and capsular contrac-
ture on the deep medial (pes aneserinus and semi-
membranous) and posterior aspect of the knee 
joint. This leads to the development of a varus 
with a fixed flexion deformity. The so-called con-
tracture of structures on the concave side and 
stretching of structures on the convex side are bal-
anced by appropriate soft tissues releases to obtain 
a rectangular gap. Hence, Total Knee Arthroplasty 
(TKA) is said to be a soft tissue procedure, which 
is the most successful end treatment of advanced 
osteoarthritis. Insall and Ranawat had first 
described the traditional soft tissue release for 
balancing a TKA [1]. Since over release can lead 
to instability, nowadays a controlled sequential 
medial release of soft tissues is followed. 
Deformity assessment before surgery, whether it 
is a fixed varus (in which case more soft tissue 
release is needed) or a correctable varus (minimal 
soft tissue release is required) is important. This 
chapter deals with a step-by- step approach to a 
varus knee and the technicalities.

4.2  Preoperative Planning

Patient is examined preoperatively for the defor-
mity, range of motion, whether the deformity is 
correctable or not, and if there is an associated 
fixed flexion deformity or not. Routine weight- 
bearing AP, lateral, and 45° skyline views are rec-
ommended. A scanogram is beneficial to assess 
any varus deformation of femur and to assess any 
extra-articular deformities (refer to Chap. 1).

4.3  Surgical Considerations

4.3.1  Exposure

The knee is flexed to 90° and a 10–15 cm midline 
skin incision is given centering over the patella 
and extending almost three finger breadths above 
patella in the suprapatellar region and distally 
extending medially to the base of tibial tubercle. 
A full-thickness flap is raised without undermin-
ing the margins.

We use a traditional medial parapatellar 
arthrotomy (Fig.  4.1a) splitting the quadriceps 
tendon and leaving a remnant of retinaculum 
(2–4 mm with the patella) to help in approxima-
tion of tissues later. Some surgeons prefer to use 
the midvastus or the subvastus approach 
described in detail in the previous chapters. The 
patella is everted and the knee hyperflexed and 
tibia externally rotated using the RANSALL 
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maneuver (Fig. 4.1b). This subluxes the tibia and 
exposes the proximal tibial condyle.

4.3.2  Proximal Tibial Preparation

A subperiosteal soft tissue sleeve is developed 
anteromedially till the middle of the tibial plateau 
and deep MCL is released (Fig.  4.1b, c). 
Preoperative deformity decides the extent of 
medial release needed. Some surgeons use cau-
tery, others prefer using an osteotome. 
Infrapatellar fat pad is removed to help in expo-
sure and visualize the proximal tibia (Fig. 4.1c). 
The osteophytes tenting the medial collateral 
ligament (Fig. 4.1d) are removed from the medial 
side of femoral and proximal tibial condyle. A 
Meckel retractor is placed in the posterior part of 
the tibia and the tibia is subluxed anteriorly. A 
Hohmann’s retractor secures the superficial MCL 
medially and another one protects the patellar 
tendon and the lateral soft tissue sleeve. The 
medial and lateral menisci are excised (Fig. 4.2a).

The proximal tibial cut is made perpendicular 
to the long axis of tibia and a minimum of 8 mm of 
bone is removed from the less involved lateral tib-
ial plateau (Fig. 4.2b). It is desired to keep the tib-
ial cut as conservative as possible (Fig.  4.2c). 
Larger the fixed varus and tibial subluxation, lesser 
the tibial cut should be (6 mm) as it would require 
more medial soft tissue releases to balance the 
knee. The desired slope is usually 0°–3° in a pos-

terior stabilized and 5°–7° in a cruciate retaining 
knee to allow femoral roll back (Fig. 4.2d, e).

4.3.3  Femoral Preparation

The entry point for the distal femur intramedullary 
guide is made at the junction of the transepicondy-
lar line and the Whiteside’s (trochlear sulcus line) 
line (Fig. 4.3a) and 7 mm in front of the femoral 
attachment of PCL (Fig. 4.3b). The distal femoral 
cut (usually 9 mm) is made in 5° valgus to bring 
the knee into mechanical alignment. An osteotome 
is used to protect the proximal tibia while cutting 
the distal femur (Fig. 4.3c–e). After the distal fem-
oral cut, a spacer block is placed into the joint gap 
in extension to assess the extension gap and the 
mediolateral opening.

4.3.4  Femoral Sizing

It is done using the anterior referencing zig 
(authors preference). The posterior wings of the 
zig are placed behind the posterior femoral con-
dyles, and the stylus is placed onto anterior lat-
eral femoral cortex and clear of the medial 
anterior cortex to calculate the size of the pros-
thesis. The pins are placed in 3° external rotation, 
i.e. parallel to transepicondylar axis and at 90° to 
the Whiteside’s line (Fig. 4.4a, b). An Angel wing 
is used to confirm that there is no anterior notch-

a b c d

Fig. 4.1 (a) Medial parapatellar arthrotomy. (b) “Ransall” maneuver. (c) Infrapatellar fad pad being excised. (d) 
Medial osteophytes tenting the MCL being removed
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ing (Fig. 4.4c). Using the standard cutting femo-
ral jig anterior femoral cut, distal femoral cuts 
and chamfer cuts are performed (Fig.  4.4d, f). 
Make sure to identify the “Grand Piano Sign” on 
the anterior femoral cortex as an indirect sign of 
correct femoral component rotation (Fig. 4.4e).

Parallel to the Tibial Cut Technique In certain 
scenarios like a malunited Hoffa’s fracture with 
arthritis, or an eburnated posterior medial femo-
ral condyle, the rotation of the femoral compo-
nent may not be correct if based upon the 
posterior femoral condylar axis. Parallel to the 
tibial cut technique as advocated by Dr. Ranawat 

may be useful in such scenarios (Fig. 4.4d). The 
rotation of the femoral component in flexion is 
based upon the fact that it should be parallel to 
the proximal tibial cut to obtain a rectangular 
flexion gap. A tibial cut perpendicular to the ana-
tomical axis of tibia is a prerequisite for using 
this technique.

4.3.5  Ligament Balancing

The aim of balancing a knee is to convert a trap-
ezoidal gap into a rectangular gap. An unbal-
anced knee will have eccentric poly loading 

a b c

d e

Fig. 4.2 (a) Excision of meniscus. (b) Proximal tibial 
cutting jig with stylus placed on the less worn out con-
dyle. (c) Angel wing used to confirm that minimal 2 mm 

bone is cut from medial tibial plateau. (d) Proximal tibial 
cut with a 1.2-mm thickness saw blade. (e) Caliper mea-
sures 8 mm thickness of lateral proximal tibia
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leading to excessive wear and varus collapse. 
Sequential releases are done to balance the knee. 
The gap is checked with spacers or lamina 
spreaders (Figs. 4.3f and 4.4d, g). In a balanced 
knee, the space should open equally (2 mm) both 
medially and laterally. Balancing in extension 
may require sequential release of deep MCL, 
removal of medial osteophytes, lateralizing the 
tibial component, performing a reduction osteot-
omy (Fig.  4.5a–c), posteromedial capsular 
release, pie-crusting/pithing of the MCL 
(Fig.  4.6), and lastly if needed, releasing the 
superficial MCL.  Balancing in flexion can be 
achieved by releasing the anterior portion of 
MCL and or externally rotating the femoral com-
ponent parallel to the tibial cut (Table 4.1).

Sliding medial condylar osteotomy is indi-
cated for balancing a severe varus deformity 

where the medial condyle is osteotomized and 
refixed with screws in a position where the joint 
is balanced (discussed in detail in Chap. 17).

Notch cut is performed by lateralizing the 
femoral implant (Fig. 4.7a). There should be no 
medial overhang, whereas a maximum of 2 mm 
lateral overhang may be acceptable. If need be a 
narrow femoral component should be used. Trial 
femoral component is matched with an appropri-
ately sized tibia and the desired thickness and 
size of tibial tray insert is placed for accurate gap 
balancing (Fig. 4.7b). A long extramedullary rod 
is attached to the tibial tray to check for varus and 
valgus alignment (Fig. 4.7c). The knee is made to 
flex and extend so that the tibial tray can itself 
self-center onto the proximal tibia in alignment 
with the femoral component. This is called the 
“free floating technique” of determining the tibial 

a b c

d e f

Fig. 4.3 (a) The transepicondylar line perpendicular to 
the whiteside line. (b) Entry for intramedullary rod made 
at the junction of whiteside and transepicondylar axis, 
7 mm in front of femoral attachment of PCL. (c) Distal 
femoral cut in 5° valgus. (d) Angel wing used to measure 

the appropriate cut thickness (stay clear of the collateral 
origin). (e) Osteotome used to protect the proximal tibia 
while performing the distal femoral cut. (f) Spacer used to 
check the extension gap balance
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component rotation. The center is marked with 
cautery and helps in guiding the final tibial rota-
tion axis (Fig. 4.7d).

Stability testing: Stability in flexion can be 
assessed using the “POLO: Pull Out Lift Off” 
test. In a lax flexion gap during the trial, the tibial 
tray usually can be pulled out easily and in a tight 

flexion gap, the tray lifts off the anterior aspect of 
tibia. Stability in extension is usually checked by 
doing a varus and valgus stress test. An opening 
of more than 2–3 mm is considered unacceptable 
and the knee may be unstable. Unequal opening 
warrants release on the tighter side. Midflexion 
instability usually seen at 30°–60° of flexion is 

ba c

d e f

g

Fig. 4.4 (a) The yellow arrow points to the Whiteside’s 
line. The purple arrow points to the level of anterior femo-
ral cut. The blue arrow points to the transepicondylar axis. 
The green arrow points to the posterior femoral cut paral-
lel to the tibial cut. (b) Sizing jig placed in 3° external 
rotation. This places the cutting block parallel to the tibial 
cut. (c) Angel wing is used to check that the anterior fem-

oral cut is not causing any notching. (d) Spacer confirms 
placement of cutting jig in proper external rotation paral-
lel to the tibial cut. (e) “Grand Piano sign” formed after 
anterior cut is an indirect sign of proper external rotation 
of femoral component. (f) Chamfer and posterior cuts 
were performed using femoral cutting jig. (g) Flexion gap 
balancing checked with spacer insertion
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commonly due to either joint line elevation, 
MCL laxity, or use of a multi-radius femoral 
prosthesis. Accurate gap balancing, restoration 
of joint line, and use of a single radius femoral 
prosthesis is helpful in avoiding mid-flexion 
instability.

4.3.6  Tibial Preparation

The tibial tray is prepared in a standard fashion 
with the appropriately sized keel in the desired 
rotation as judged by free-floating technique 

(Fig.  4.7d–f). Any sclerotic areas on proximal 
tibia are drilled to 2–4 mm with a 2-mm drill bit. 
An insert is placed into the tray and the knee is 
reduced. After a thorough pulse lavage, the bone 
bed is dried, and cementing is done on the surface 
of the bone (Fig. 4.7g, h). The implant undersur-
face is also completely layered with cement. This 
improves the quality of cementing. The prosthe-
sis is pressurized with a punch and a final insert 
placed. The limb is brought into extension and a 
valgus force is applied till the cement sets 
(Fig. 4.7i, j). Excess cement is removed, range of 
motion and stability reassessed and a watertight 
closure of quadriceps mechanism done followed 
by routine layered closure of arthrotomy.

4.3.7  Patella Resurfacing

Soft tissue around the patella is cauterized circum-
ferentially and osteophytes are removed 
(Fig. 4.8a). Patella is resurfaced using the standard 
cutting jig available (Fig.  4.8b). A minimum of 
14 mm of bone should be left behind after patellar 
resection. Jig for patellar lugs is placed such that it 
provides circumferential coverage and three lug 
holes are drilled (Fig. 4.8c). Avoid patellar over-
stuffing by recreating the same thickness of patella 
after resurfacing (residual patellar bone + patella 
button = original thickness of patella) (Fig. 4.8d). 
Patellar tracking is checked throughout the range 
of motion. There should be no medial lift off at the 
patellofemoral junction, throughout the range of 

a b c

Fig. 4.5 (a) Medial tibial osteophytes tenting the MCL. (b) Overhanging bone resected with saw. (c) Reduction 
osteotomy

Fig. 4.6 An 18 gauge needle used for pie crusting (pith-
ing) and fine-tuning the MCL
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a b c

d e f

g h i j

Fig. 4.7 (a) Notch cut performed using the appropriate 
sizes jig, which is lateralized as much without overhang. 
(b) Trial femoral component placed along with trial tibial 
tray and assessed for stability. (c) Limb alignment checked 
with an extramedullary alignment rod. (d) Tibial compo-
nent rotation marked with a cautery. (e) Tibial alignment 

rod also helps determine the rotation. Tibia was prepared 
for seating the tibial component. (f) Tibial surface is dried 
before cementing. (g, h) Cementing was done on a dry 
bone bed on tibia and femur. (i) Excess cement being 
removed. (j) Finally a balanced knee after Cementing of 
prosthesis and insert placement
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motion (“No Thumb test”). In case of a lift-off, a 
lateral retinacular release may be needed. Soft tis-
sue and synovium on the top of the patella should 
be trimmed to avoid the development of patellar 
clunk syndrome.

4.4  Discussion

Success of TKA depends upon the mechanical 
alignment and soft tissue balancing achieved dur-
ing the surgery. Outliers beyond 3° of the neutral 
alignment have been shown to have high failure 
rates [2, 3]. The primary goal of TKA is to give a 
stable, painless, and a well-balanced joint in a 
neutral alignment.

Knees have traditionally been balanced using 
either a “measured resection” technique or a “gap 
balancing technique” [4]. In measured resection, 
the predetermined tibial and femoral bone cuts 
are taken independent of each other and replaced 
with prosthesis of similar thickness. The rotation 
of femoral components is also based upon ana-
tomical landmarks. In a gap balancing technique, 
the tibial cut determines the rotation of femoral 
component based upon the ligament balancing. 
Gap balancing achieves superior soft tissue bal-
ance in extension and 90° flexion, but there might 
be a possibility of mid-flexion instability [5, 6]. 
Both the techniques have achieved results in the 
hands of the arthroplasty surgeons and it is their 
preference to use whichever method they are 

Table 4.1 Flowchart for balancing the knee: The various situations encountered and the suggested steps for 
balancing

Tight in 
flexion and 
extension Tight in flexion Tight in extension Loose in flexion

Loose in extension 
laterally and tight 
medially

Recut tibia Increase 
posterior slope

Remove posterior 
osteophytes and 
posterior capsule

Insert thicker liner may be 
constrained (extension is 
achieved by posterior release)

Removal of medial 
osteophytes, Reduction 
osteotomy

Use a 
thinner insert

Undersize the 
femoral 
component

Revise distal femoral 
cut

Use a large size femoral 
component

Release medial soft 
tissues and insert a 
larger size insert

a b c

d e

Fig. 4.8 (a) Removal of osteophytes. (b) Jig placement for cutting the patella. (c) Preparation of lug holes for the 
patella button. (d) Final pressurization of patella button. (e) Replaced all polyethylene anatomic patella
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comfortable. We commonly use a combination of 
both.

Many techniques have been described to bal-
ance a varus knee. A reduction osteotomy 
removes the medial tenting of the ligaments by 
the posteromedial osteophytes and overhang. 
Dixon et al. have described a technique of tibial 
component lateralization and downsizing fol-
lowed by resection of overhang medial tibia in 12 
cases of severe varus deformity and achieving 
excellent clinical and radiological results [7]. 
Mullaji et al. published a sequential posterome-
dial release and reduction osteotomy for balanc-
ing severe varus knees (>20°) in 117 patients [8]. 
Mullaji and Shetty reported that a reduction oste-
otomy for correction of varus deformity in TKA 
and achieved 1° of correction for every 2 mm of 
bone removed [9]. Niki et  al. in their study on 
downsizing and lateralizing the tibial component 
(reduction osteotomy) and performing gap bal-
ancing during TKA reported a correction of 1.7° 
and 2.8° for 4 mm and 8 mm reduction osteot-
omy, respectively [10].

Verdonk et  al. described a pie-crusting of 
MCL for correcting a varus deformity [11]. Pie 
crusting of the MCL with a no. 19 gauge needle 
was described by Bellemans et al. and allows fine 
balancing of the MCL to 4–6 mm [12]. Meftah 
and Ranawat described an inside out pie crusting 
of the superficial MCL with a no. 11 knife along 
with a posteromedial capsulotomy for varus 
deformities [13]. Many other authors have also 
validated the success of pie crusting for correct-
ing varus deformities in TKA [14–16].

Engh and Ammeen first described a thin wafer 
medial epicondylar osteotomy to correct severe 
varus deformities [17]. Mullaji et  al. described 
the sliding medial condylar osteotomy using 
computer navigation for balancing recalcitrant 
medial structures encountered in 12 varus knees 
followed for min 2  years [18]. Sim et  al. have 
shown in their study on varus knee using medial 
epicondylar osteotomy that it was a reliable 
option using the gap balancing technique irre-
spective of the type of union. 63.9% of the oste-
otomies showed a bony union [19]. Lee et  al. 
described a novel method of release of femoral 
origin of superficial MCL (FORM) in 17 patients 

and none of them developed valgus instability at 
24 weeks follow up. They believe that FORM is 
beneficial as it allows a stepwise release of the 
mcl compared to a sliding condylar osteotomy 
[20].

Kinematic alignment is an upcoming concept 
where the knee is placed deliberately in a 
prearthritic varus alignment. In a kinematically 
aligned knee, the components are aligned tangen-
tially to the native joint line and parallel to the 
kinematic axis of normal knee. Bellemans 
reported a constitutional varus prevalence of 32% 
in males and 17% in females [21]. Howell et al. 
have reported high function and accurate align-
ment after kinematically aligned TKA performed 
with generic instruments [22]. Young et  al. 
reported no difference in functional outcome at 
2 years follow up between the mechanically and 
kinematically aligned knees [23]. Zhang et  al. 
reported that residual mild varus and neutral 
alignment have similar outcomes at 5 years fol-
low up in varus knee [24]. Contrary to these stud-
ies, Saragaglia et al. have reported that a neutral 
or valgus alignment rather than mild varus align-
ment achieved postoperatively gives superior 
results although the difference was not statisti-
cally significant [25]. Many other authors have 
reported poor results with keeping the knee in 
varus alignment [26–28]. Whether leaving a neu-
tral alignment or a slightly varus alignment leads 
to a better function is still debatable and long- 
term studies are awaited.

Component malpositioning can lead to knee 
pain, patellar subluxation, and accelerated wear 
leading to early failures. Positioning the femoral 
component in internal rotation is considered as 
day one failure as the knee kinematics are dis-
turbed and the patient will always have a painful 
knee which will require revision. John Insall 
propagated the theory of flexion gap first wherein 
appropriate soft tissue releases are done to align 
the limb, before any bony cuts are performed. 
With the knee in flexion, the femoral jig is rotated 
externally, the posterior femoral condyles are cut 
parallel to the tibia cut and with ligaments under 
tension, to obtain a rectangular flexion gap. The 
knee is then extended to cut the distal femur to 
achieve a rectangular extension gap [1]. The 

4 Basics in Total Knee Arthroplasty: A Step-by-Step Approach to a Varus Knee



44

technical issue with this method is that the ten-
sion on the soft tissue cannot be controlled and 
may lead to erroneous rotation of femoral com-
ponent. Other methods that rely upon bony land-
marks to determine the femoral component 
rotation are the posterior condylar axis (PCA), 
the transepicondylar line (TEA), and the 
Whiteside’s line [29, 30]. Femoral component 
placed at 3° external rotation to PCA, should be 
parallel to TEA and at 90° to the Whiteside’s 
(trochlear groove) line in most cases. This method 
is used in the placement of jigs for femoral com-
ponent rotation in routine TKA. There are certain 
issues though with the use of these bony land-
marks. The PCA may not be correct in cases with 
severe varus deformities where the posteromedial 
femoral condyle is hypertrophied or in cases of a 
valgus knee where the lateral posterior condyle 
may be eburnated, leading to a wrong PCA 
assessment. Similarly, there might be errors to 
actually locate the epicondyles leading to a mis-
calculation of the TEA.  Thirdly, it has been 
shown in studies that the Whiteside’s line may be 
variably rotated to the TEA and PCA in men and 
women. Also, there might be cases where the 
trochlea may be hypoplastic. We recommend to 
use a combination of all three lines as a reference 
while assessing the femoral component rotation.

Tibial component rotational placement has 
always been a challenge for the arthroplasty sur-
geon. Malrotation leads to increased Q angle and 
patella subluxations with an increasing need for 
lateral retinacular releases. Numerous techniques 
have been described in the literature. Lutzner 
described using the medial third of tibial tubercle 
rather than the medial border of tibial tubercle as 
a landmark [31]. The tibial tubercle is not a fixed 
anatomical bony landmark and may vary from 
person to person or due to a previous extensor 
mechanism realignment procedures done at child-
hood. Incavo et  al. suggested using the medial 
1/3rd of patellar tendon as a landmark for rota-
tional assessment [32]. The “free floating tech-
nique” or the “self seeking technique” is a reliable 
method that aligns the tibial component in accor-
dance with the femoral alignment [33]. “Free 
floating method” is reliably used by most sur-
geons, but it sometimes fails to provide complete 
coverage of the tibial condyles. Another technique 

called the “curve on curve” technique, aligns the 
anterior curve of the tibial baseplate with the ante-
rior tibial contour of the cut surface of tibia [34]. 
Akagi proposed a line starting from the medial 
third of tibial tubercle to the middle of posterior 
cruciate insertion on the tibia. Akagi’s line is 
somewhat difficult to reproduce after the proxi-
mal tibial cut. Dalury had described a line from 
midpoint of tibial spines to 1 mm medial to medial 
border of tibial tubercle [35]. Many other methods 
have been described in literature. We recommend 
using a combination of these methods to increase 
the accuracy of tibial component placement.

4.5  Summary

For a total knee to function perfectly and last a 
lifetime, it is essential that the surgeon places the 
appropriately sized components in proper rota-
tion and coronal alignment and balances the knee 
equally in flexion and extension. This requires 
the surgeon to follow a meticulous step-by-step 
approach to the deformity and restore perfect 
kinematics.
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5.1  Introduction

Knee arthritis amounts to significant morbidity to 
the patient. End-stage arthritis usually ends up 
with gross deformity of the lower limb like varus, 
valgus, rarely recurvatum and most commonly 
flexion deformity [1, 2]. It may be any etiological 
factor of knee arthritis, old traumatic injury, 
advanced osteoarthritis or inflammatory arthritis; 
fixed flexion deformity is a commonest present-
ing feature. The development of fixed flexion 
deformity is multifactorial, due to inability to 
maintain knee in full extension [2]. The causes 
can be large joint effusions, presence of persis-
tent painful synovitis, predominant posterior 
osteophytes on the posterior aspect of femur and 
tibia, adhesive capsulitis, and tightness of poste-
rior capsule, hamstrings, and cruciate ligaments 
(Fig. 5.1) [1–3].

Gait affection—The flexed knee also disables 
the patient with gait pattern affected in all phases 
of gait cycle—heel strike, mid stance, and swing 
phase. The ground reaction forces during the gait 
cycle between the floor and the centre of gravity 
of body; passes posteriorly in a flexed knee 
instead of passing through the centre and that 
tends to push the knee in more flexion, thus 
increasing the work on the quadriceps extensor 

mechanism of the knee joint [3]. Thus maintain-
ing straight position in stance phase becomes dif-
ficult. During the swing phase, the early 
recruitment of quadriceps and the trunk adapta-
tions to maintain balance leads to increased 
energy expenditure during walking [4].

Preoperative flexion knee deformity is dis-
abling to the patient, but the development of fixed 
flexion deformity post total knee replacement 
results in a bad surgical outcome and an unsatis-
fied patient post-TKR [3, 5]. It alters the biome-
chanics of the knee along with the longevity of 
the total knee arthroplasty and also has a signifi-
cant bearing on disease progression in the contra- 
lateral knee. Residual deformity post total knee 
replacement is unacceptable and should be cor-
rected fully on table. Various intraoperative steps 
and measures for correction of flexion deformity 
are taken and depend on the degree of flexion 
deformity [3, 6, 7].
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Fig. 5.1 Knee flexion deformity in a patient with knee 
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The flexion deformity of the knee has been 
classified into Mild-up to 15°, Moderate-between 
15° and 30°, Severe-more than 30°. Each grade 
of knee flexion deformity requires a slightly dif-
ferent surgical approach for correction and is 
described in this chapter in a grade wise manner.

5.2  Preoperative Patient 
Evaluation

Taking a detailed and accurate medical and surgi-
cal history is important to be taken from the 
patient to understand the issue [8, 9]. Gait assess-
ment is of prime importance as it can give an idea 
as to whether the deformity is compensated or 
uncompensated. Various types of gait patterns are 
there when a patient walks with a fixed deformity 
in the knee joint. In one scenario, the patient will 
walk with a waddling gait in bilateral deformity 
causing gradual occurrence of FFD in the other 
knee as well. In other instance without affection 
of opposite leg the patient will try to compensate 
the deformity with an equinus in the ankle joint. 
With the knee in flexion the quadriceps have to 
contract constantly in order to avoid buckling of 
the knee joint, and this leads to fatigue due to sig-
nificant amount of energy spent on it. The gait 
gives an idea about the disability to the patient 
due to deformity [7, 9–11].

After this, a clinical evaluation of the patient is 
done to ascertain the deformity and causes of it, 
if any. This involves inspection and palpation and 
measurement of the deformity. The knee fixed 
flexion deformity is quite obvious and not diffi-
cult to identify. It is defined as a fixed flexion 
deformity when no further active or passive 
extension of the knee is possible, but further flex-
ion can be free or restricted. This needs to be dif-
ferentiated from attitude of flexion and from 
extensor lag. Documenting other sagittal or coro-
nal plane deformity is of prime importance 
[11–14].

Radiological assessment is carried out. The 
standard antero-posterior view of the knee joint 
shall reveal reduction of the joint space in case 
of fixed flexion deformity. The lateral view of 

the knee joint in full possible extension is a 
good X-ray to tell you about the amount of 
deformity as well as its causes (Fig.  5.2). 
Prominent posterior osteophytes are seen in 
cases with long standing deformity. This guides 
the operating surgeon to identify the causes of 
FFD, the ways to correct it and to plan his surgi-
cal armamentarium accordingly. A standing 
scanogram tells the surgeon about the other 
deformities as well [3, 8, 15].

Preoperative traction and casting have been 
recommended by many authors in various cases 
of knee joint flexion deformity [8, 9]. But at 
times, these types of preoperative correction 
methods have failed to achieve complete defor-
mity correction. Hence it is difficult to recom-
mend in this aspect to use these methods for 
deformity correction.

5.3  Intraoperative Steps

5.3.1  Flexion Deformity Assessment 
After Anaesthesia

Patient is taken for surgery under suitable anaes-
thesia under tourniquet. In some cases, we have 
found that the preoperative flexion deformity gets 
partly or completely corrected under anaesthesia, 
this can be attributed to the muscle spasm due to 
the inflammatory nature of disease (Fig. 5.3) [3, 
10, 16]. The actual deformity after the pain com-
ponent is negated and which persists is taken into 
consideration. Accounting this phenomenon is of 
prime importance as this can otherwise lead to 
over soft tissue release and over correction of 
deformity. Many patients with rheumatoid arthri-
tis have shown this type of deformity which cor-
rects under anaesthesia [3, 7, 16].

5.3.2  Surgical Technique

Various surgical techniques are used to achieve 
full correction of the fixed flexion deformity 
while doing a total joint arthroplasty, both bony 
cuts and soft tissue releases are useful in correct-
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ing this deformity [7, 14, 17, 18]. Adequate care 
has to be taken to correct the deformity on table 
and maintain adequate stability and achieve good 
range of motion. Basic surgical principles of total 
joint arthroplasty, either gap balancing technique 
or measured resection technique remains at the 

discretion of the surgeon. The basic issue in these 
patients before soft tissue release is the tight 
extension gap and a loose flexion gap [12, 
18–20].

In order to plan a deformity correction, the 
deformity is classified according to the amount of 
deformity, and various surgical steps are carried 
out.

5.3.2.1  Grade I: Mild Deformity <15°
In a standard surgical procedure for total knee 
replacement the distal femur cut, the proximal 
tibial cut and the femoral component rotation is 
assessed using Whiteside’s line or the posterior 
condylar reference is taken. The tight extension 
gap after these cuts is balanced by removal of the 
tenting overhanging osteophytes from the medial 
and posterior side (Fig.  5.4). Removal of these 

Fig. 5.2 Single Joint knee radiograph of the patient with knee arthritis and flexion deformity showing posterior 
osteophytes

Fig. 5.3 Deformity gets partly corrected under 
anaesthesia

5 Total Knee Arthroplasty in Knees with Fixed Flexion Deformity
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osteophytes is the first step in correction of flex-
ion deformity of the knee during total knee 
arthroplasty. Posterior osteophytes are seen well 
in knee flexion with the flexion gap spread with a 
lamina spreader (Fig. 5.5) [5, 11–13, 21].

These osteophytes are then excised with the 
help of a curved osteotome which can reach pos-
teriorly. Removal of these tenting osteophytes 
usually suffices for correction of flexion defor-
mity of this grade (Fig. 5.6). This step is enough 

to correct the mild flexion deformity. Even after 
this step, the deformity does not correct then the 
DFC cut is increased in 1 mm increments corre-
sponding to residual flexion deformity in order to 
increase the extension gap without affecting the 
flexion gap (Figs. 5.7 and 5.8) [6, 16, 22–25].

5.3.2.2  Grade II: Moderate Deformity 
>15° and <30°

The important difference in correction of mild 
and moderate deformity is the handling of PCL 
ligament, which needs to be resected. Thus, the 
choice of PS implant becomes mandatory while 
correction of severe deformity. In the surgical 
technique, the standard steps of excision of 
medial and posterior osteophytes, the PCL liga-
ment is released, and the release of posterior cap-
sule from the femoral or tibial side is done 
(Fig. 5.9) [6, 13, 20, 21, 26].

While releasing the posterior capsule from 
tibial side the tibia is subluxated with an anterior 
Drawer’s stress and released with an electrocau-
tery. Even after these the flexion deformity does 
not correct, then the adherent posterior capsular 
release is done with a bent cautery tip, and the 
posterior recess is created. The release from the 
femoral side is little tricky as it cannot be directly 
visualised or accessed. Thus, we prefer to release 
it with the help of a curved osteotome keeping it 
as close to the femoral bone as possible 
(Fig. 5.10). An electrocautery tip can also be used 
to do this step, and we recommend using gauze to 

ba

Fig. 5.4 (a, b) Medial osteophytes tenting the MCL causing varus deformity, being excised

Fig. 5.5 Flexion gap distended and measured with lam-
ina spreader

P. Sancheti et al.



51

distend the recess or use fingertip to retract the 
posterior capsule and then release the posterior 
capsule (Fig. 5.11) [5–7, 14, 15, 22, 23].

The vessels—popliteal vein and artery—are in 
close proximity to the posterior capsule and care 
to be taken not injure them. In case even if the 
knee is still tight in extension then the DFC is 

increased by 2 mm (Fig. 5.12). A 2 mm of bony 
cut corresponds to 10° of flexion deformity. This 
leads to joint line elevation and upto 5  mm 
increase in DFC is recommended, but not more 
than 6 mm, as alteration in joint line shall lead to 
interference with the biomechanics of the knee 
joint, and it can interfere with the collateral liga-

Fig. 5.6 Posterior osteophytes being excised that cause tenting of the posterior capsule and the posterior osteophytes 
from the posterior condyle are removed with a curved osteotome

Fig. 5.7 Tight medial gap in extension, balancing done with postero-medial soft tissue release

5 Total Knee Arthroplasty in Knees with Fixed Flexion Deformity
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ment attachments on the distal femur [9, 13, 15, 
17, 21, 24].

5.3.2.3  Grade III: Severe 
Deformity >30°

Severe flexion deformity is commonly seen in 
pts. with inflammatory arthritis mostly due to 
rheumatoid affections of the knee joint. This 
deformity occurs in association with severe 
varus/valgus deformity. These people find it dif-
ficult to walk and commonly have bilateral sym-
metrical deformity. These patients are usually 
non-ambulatory for a long time. Detailed evalu-
ation of adjacent and contra-lateral hip joint is 

important as deformity in the knee can be sec-
ondary to deformity in the hip joint [8, 17, 18, 
22, 27].

Extensive preoperative planning is essential in 
these types of deformity corrections. Balancing 
the flexion and extension gap is not easy, and at 
times you need to keep semi-constrained and 

Fig. 5.8 Removal of posterior osteophytes from tibial 
side with release of posterior capsule

Fig. 5.9 Posterior recess can be palpated and seen free 
from the posterior condyles, which is a commonest find-
ing in flexion deformity

Fig. 5.10 Use of electrocautery for releasing the PCL 
and posterior capsule from the femoral side

Fig. 5.11 Distension of posterior capsule with gauze to 
visualise the posterior recess
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constrained implants ready in your armamentar-
ium. Over release of the soft tissues and then sub-
sequent instability is very common in these 
patients during TKR. Often severe bone loss with 
contained or semi-contained defects are seen in 
the tibial postero-medially or postero-laterally 
depending on the type of deformity [8, 12, 16, 18, 
22]. During the surgical deformity correction in 
these types of deformities, all the steps are  carried 
out in a staged manner. After excision of the 
medial and posterior osteophytes, release of the 
posterior capsule and creating a posterior recess 
at the femoral attachment and release at the tibial 
attachment is also completed, aggressive distal 
femoral resection is done taking care not to 
exceed beyond 6 mm in excess than the standard 
cut [12, 14, 17, 19, 22, 27].

The challenge here is to achieve a rectangular 
extension gap which usually is unequal and tight 
on the medial side and over lax on the lateral side. 
Even after all these, the deformity does not cor-
rect and full extension is not achieved, then 
release of the medial and lateral head of gastroc-
nemius from the femoral attachment is described 
[2, 9, 17–19, 25]. Many authors have recom-
mended and achieved deformity correction after 
this step. The true challenge is to match the flex-
ion and the extension gaps, patients with flexion 
deformity preoperatively usually have good knee 

flexion, and with the standard cuts, the flexion 
gap increases as compared to the extension gap. 
In order to take care of this, if we increase the 
poly thickness so as to adjust to the lax flexion 
gap, then this shall lead to a residual flexion con-
tracture as the poly does not adjust to the tight 
extension gap. In corollary to this, if we decrease 
the poly thickness so as to match the extension 
gap and achieve full knee extension, then this 
poly does not accommodate in the flexion gap 
and leads to flexion instability. Thus, the biggest 
challenge in these correcting deformities in these 
knees is that to prevent residual flexion deformity 
and flexion instability [5, 11, 14, 15, 17, 28].

If still the extension gap is tight and the flexion 
gap is loose, additional correction can be achieved 
by releasing the MCL from the tibial side or by 
doing a sliding medial epicondylar osteotomy. 
This surgical step makes the knee unbalanced and 
needs the addition of constrained depending on the 
grade of instability [8, 11, 19, 23].

How much deformity to correct and how much 
to leave uncorrected depends on the etiology of 
deformity. In Rheumatoid knees, some amount of 
flexion deformity can be left under corrected upto 
10°, which can be stretched out in the early post- 
operative period. Whereas in other etiologic con-
ditions, the knee flexion deformity should be 
completely corrected on table [7, 9, 12].

ba

Fig. 5.12 (a, b) The DFC cut is increased by 2 mm to increase the extension gap without altering the flexion gap
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5.4  Post-operative 
Rehabilitation

Once the deformity correction is achieved intraop-
eratively, the most important part is to maintain the 
deformity correction post-operatively and start 
rehab so as to prevent stiffness in the knee joint. In 
patients with mild flexion deformity correction the 
knee is immobilised in a long knee brace or POP 
slab in full extension (Fig. 5.13a, b) to stretch the 
residual flexion contracture and rehab is started 
after a few days of immobilisation. Challenge is in 
patients with moderate to severe deformity, in such 
patients, the knee is immobilised in an extension 
knee splints (Fig. 5.14), in some patients who are 
non- compliant, cylinder knee cast is also given for 
2 weeks and rehab started thereafter. If the defor-
mity persists of more than 15° at 3 months post- 
operatively, it is least likely to correct with 
rehabilitation [7, 14, 20, 29] (Fig. 5.15).

In some rheumatoid patients or those with 
fixed deformity of longer duration, acute correc-
tion of knee deformity compromises the neuro-
vascular bundle, and hence in these patients the 
knee is immobilised in little residual flexion and 
gradual correction thereafter to full knee exten-
sion with a wedging cast. Check on the neurovas-
cular status is important after a knee flexion 
deformity correction. A close watch on these 
patients is very important in the early post- 
operative period as there are high chances of 
deformity recurrence [1, 7, 11, 12, 26].

5.5  Complications of Residual 
Fixed Flexion Deformity

After we have seen the severity of knee flexion 
deformity and the ways to correct it intraopera-
tively, one also needs to understand the complica-
tions of residual knee flexion deformity. The 
resultant increased forces across the patello- 
femoral and tibio-femoral joints lead to increase 
in quadriceps force required to stabilise the knee 
in flexion [4, 13, 24, 26, 27]. In literature on an 
average 3–5% of patients with preoperative flex-
ion deformity >10° land up having post-operative 
flexion deformity. Perry and his co-workers 
showed that percentage of maximum quadriceps 
strength required to stabilise a flexed weight- 
bearing knee joint was 16% at 5°, 22% at 15°and 
51% at 30°, 45°, and 60° of knee flexion, respec-
tively [4, 18, 30]. Male preponderance and 
increasing age have been identified as risk factors 
associated with the development of post- operative 
flexion deformity. These knees with a post- 
operative flexion deformity in the leg are associ-
ated with long standing disability and poor 
functional knee score and affected quality of life 
[4, 13, 20, 30].

Manipulation for fixed flexion deformity is 
recommended by many authors, but this should 
be followed by extensive rehab, or else the defor-
mity recurs in about a years’ time. Revision sur-
gery for flexion contracture post-TKA is a 
described procedure when all other attempts to 
correct the deformity have failed [5, 8, 11, 28].

b

a

Fig. 5.13 (a, b) Post-operative knee immobilisation with 
POP slab support or a long knee brace

Fig. 5.14 Knee immobilisation intermittently in an 
extension push knee splint
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5.6  Summary

Key takeaway points:

 1. Flexion deformity of the knee joint is physically 
disabling and functionally restricting as it 
increases the energy expenditure while walking.

 2. Patient satisfaction is very poor in those with 
persistent flexion deformity post total knee 
replacement.

 3. Proper preoperative evaluation and planning 
are important in patients with knee flexion 
deformity and to make a surgical plan of 
deformity correction.

 4. Mild to moderate knee flexion contracture 
can be managed with traditional PS knee 
implants, in those patients with severe defor-
mity constrained and hinged implants are 
required and should be there in the 
armamentarium.

 5. In order to achieve a balanced knee post- 
operatively, the important point to consider is 
to prevent both residual flexion deformity as 
well as to prevent flexion instability.

 6. Post-operative maintenance of knee exten-
sion is important and at times can be achieved 
with extension splints, knee braces, and knee 
cast.

Fig. 5.15 Post-operative X-ray showing Knee deformity got corrected with full knee extension post-operatively
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• Excision of medial and posterior osteophytes
• Postero-medial soft tissue release
• Usually adequate to achieve deformity correction
• If not adequate release posterior capsule form femur or tibia.

• With all above steps done in addition increase the distal femur cut by 2 mm,
• If deformity corrects then use PS implant
• If deformity persistent do pie crusting of MCL and achieve correction.

• With all above steps done and persistent flexion deformity, increase the DFC cut in
   increments of 2 mm with 2 mm bone cut corresponding to 10° of residual deformity.
• Medial and Lateral gastrocnemius release is done.
• At times medial epicondylar osteotomy or MCL release from tibial attachement is
  required to be done.
• Constrained implants are required.

Mild Deformity
<15°

Moderate
Deformity >15°

& <30°

Severe
Deformity > 30°
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Total Knee Replacement 
in a Valgus Arthritic Knee

Keith Tamboowalla, George Pavlou, 
and Nikhil Shah

6.1  Introduction

The valgus arthritic knee (VAK) presents a set of 
unique challenges to the operating surgeon, in 
terms of understanding the pathology, planning 
and execution of surgery, as well as managing 
complications related to this. Patients presenting 
with a VAK (defined as an anatomical valgus of 
10° or more) are not as common as their varus 
counterparts. Only 10% of all patients that need a 
total knee replacement (TKR) have a valgus 
deformity [1]. This chapter, firstly, describes the 
basics of a valgus knee, including the patho- 
anatomy and principles of correction. It also 
gives a technique-oriented account of TKR in the 
VAK. The management of complications arising 
from surgery and finally, the results of surgery 
have also been elucidated.

6.2  Patho-Anatomy of a Valgus 
Arthritic

The normal mechanical axis of the knee runs 
from the centre of the femoral head to the centre 
of the ankle joint. This axis passes through the 

centre of the knee joint when the knee is in neu-
tral alignment. In the case of a VAK, this line 
passes lateral to the centre of the knee. Since the 
weight-bearing axis of the lower limb follows the 
mechanical axis, valgus at the knee will lead to 
lateral compartment loading and subsequent pro-
gressive wear in this compartment. A mechanical 
axis that passes through the centre of the knee 
will lead to less stress concentration and an even 
distribution of load, thus reducing wear [2] 
(Fig. 6.1).

The causes of a VAK are multifactorial, rang-
ing from congenital to primary and secondary 
osteoarthritis (OA). The most common cause for 
a VAK is primary OA due to an unresolved physi-
ologic valgus of childhood. In these patients, the 
maximum physiologic valgus attained at around 
the age of 3 years persists into adult life rather 
than correcting to a lesser degree of physiologic 
valgus by the age of 6  years, thus resulting in 
increased loading onto the lateral compartment. 
Rarely, this valgus persistence may be due to 
rickets or renal osteodystrophy.

Secondary causes include inflammatory 
arthropathies (like rheumatoid arthritis), trauma, 
infections and osteonecrosis. Overcorrection of a 
pre-existing varus deformity from a high tibial 
osteotomy (HTO) can also lead to genu valgum 
and subsequent OA [1–4]. An extra-articular 
deformity may also result in a VAK. This may be 
caused by a long-standing malunited or non- 
united fracture in the distal femur or proximal 
tibia, stress fractures, previous HTO or metabolic 
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bone diseases [5]. It is clear that the mechanical 
axis in such a case passes lateral to the centre of 
the knee, leading to lateral compartment loading 
and subsequent progressive wear in this compart-
ment, particularly in the left knee.

Understanding the patho-anatomy behind a 
VAK is essential for selecting an appropriate sur-
gical strategy to deal with soft tissue imbalance 
and bony deformity during surgery. The anatomi-
cal variations contributing to the valgus sloping 
joint line can be divided into soft tissue contrac-
tion/elongation and bony factors. Both are usu-
ally present together.

Broadly speaking, the soft tissue structures on 
the lateral side of the knee are contracted (or 
tight), while those on the medial side may be 
attenuated (or elongated). The lateral structures 
that are contracted are the lateral collateral liga-
ment (LCL), posterolateral capsule (PLC), pop-
liteus tendon (POP) and the ilio-tibial band (ITB). 
Occasionally, the lateral head of the gastrocne-
mius and the long head of the biceps femoris are 
also affected. Some authors also implicate the 
posterior cruciate ligament (PCL) as one of the 
contracted structures, though this is not always 

widely accepted. The medial collateral ligament 
(MCL) and other medial stabilizers may be nor-
mal or attenuated depending on the degree of 
valgus.

The bony anatomic deficiencies may be pre- 
existing or acquired. These include lateral carti-
lage erosion, lateral condylar hypoplasia and 
remodelling of the distal femoral metaphysis. 
Unlike a varus arthritic knee, the tibial plateau is 
less affected and may exhibit a small degree of 
remodelling. On occasion, there may be an extra- 
articular bony deformity, such as a metaphyseal 
malunion or non-union. These bony deformities 
tend to produce external rotation of the tibia and 
lateral subluxation of the patella. The co-existent 
bony and soft tissue alterations can often pose 
challenges to the surgeon with regards to gap bal-
ancing and choice of implant constraint [2, 3, 
6–9].

6.3  Classification

With this background, Ranawat [1] had classified 
the valgus knee into three grades (Table 6.1).

These grade III knees typically have severe 
bony deformities, and the valgus is usually not 
passively correctable. After performing lateral 
soft tissue release, in grade III deformities, resid-
ual medial laxity can result, necessitating the use 
of a constrained or hinged prosthesis [1].

Mullaji and Shetty modified the Ranawat clas-
sification to include multi-planar and extra- 
articular deformities [10]. Other classifications 
include those described by Krackow et  al. [11] 
and Lombardi et al. [12].

6.4  Principles of Correction

As with a varus knee, the important goal in TKR 
for a VAK is to achieve an optimal coronal plane 
alignment. A joint line that is orthogonal to the 
mechanical axis of the lower limb and normal 
patella tracking [2]. Achieving this, however, can 
be technically demanding. It is imperative to 
understand that the deformity is not purely due to 
bony factors. The surgeon must remember that 

Fig. 6.1 AP radiographs of knees with valgus deformity
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the periarticular soft tissue is likely to have also 
undergone changes due to a long-standing valgus 
deformity. Both must be addressed when trying 
to attain optimal alignment. This is achieved by 
gap balancing in flexion and extension using 
appropriate bone cuts, and if needed, appropriate 
soft tissue releases.

It must be understood that the soft tissue stabi-
lizers on the lateral side of the knee are of two 
types:

 1. Those that act in both extension and flexion, 
which includes the LCL, POP and PLC. These 
insert close to the flexion-extension axis of the 
knee.

 2. Those that act in extension only, which 
includes the ITB, lateral head of gastrocne-
mius and biceps femoris. These insert away 
from the flexion-extension axis of the knee 
[13, 14].

A sequential release of soft tissue must be fol-
lowed to avoid soft tissue imbalance. These have 
been described in the section on technique. Bony 
deformities need to be addressed using appropri-
ate bony cuts, as described in the section on bone 
resection. In very severe cases with bone loss, 
augmentation of the bony defects may be required 
(Fig. 6.2).

6.5  Preoperative Planning

A thorough clinical evaluation of the patient 
should precede radiographs and templating. The 
most important indication for surgery in VAK is 
pain not responding to conservative measures 
such as pharmacological and physical therapy. A 

thorough history, including the patient’s lifestyle 
and demands, must be elicited.

Co-morbidities such as rheumatoid arthritis 
are associated with the intake of steroids, metho-
trexate and biologics, which may have implica-
tions on bone stock and wound healing. 
Post-traumatic cases may have adherent scars or 
retained metalwork. Valgus after a high tibial 
osteotomy tends to be associated with a scarred 
patella tendon.

The physical examination should assess the 
alignment of the knee in supine and standing 
positions. The knee range of motion and extensor 
mechanism function, including patella tracking 
should be assessed. The extensor mechanism 
needs to be evaluated. Any deformities in the sag-
ittal plane should be noted. It is important to 
check for medio-lateral instability—if the valgus 
deformity is passively correctable, soft tissue 
release is less aggressive, and a standard prosthe-
sis is likely to be used. If the valgus deformity 
cannot be corrected, the lateral soft tissue release 
is likely to be more invasive and may need a con-
strained prosthesis, if there is residual instability. 
It is essential to perform a spinal, hip and neuro-
vascular examination of the limb. The common 
peroneal nerve is a vulnerable structure after cor-
recting fixed valgus knees associated with flexion 
deformities, and hence, its preoperative function 
should be assessed.

The standard radiographs that should be per-
formed prior to surgery are weight-bearing 
antero-posterior (AP) and lateral views to assess 
for bone quality, bone defects, osteophytes and 
extra-articular deformities, as well as a skyline 
view to assess the patella and patella-femoral 
joint. A long leg alignment film/scanogram of the 
lower limbs helps in evaluating the degree of 

Table 6.1 Grading of valgus according to Dr. Ranawat [1]

Grades Valgus angle Lateral structures Medial structures
1 Valgus angle is less than 

10°
Passively correctable, with 
contracture of the soft tissue on 
the lateral side

Without elongation of the 
MCL (80% of cases)

2 Valgus angle ranges 
between 10° and 20°

Lateral structures are 
contracted

The MCL is elongated but 
functional (15% of cases)

3 Valgus angle is greater 
than 20°

The lateral structures are tight The medial stabilizers are 
not functional (5% of cases)
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deformity and for comparison with the contralat-
eral limb, if normal. It is common to underesti-
mate the degree of arthritis affecting the posterior 
lateral condyle on a standard AP radiogram. 
When the pain seems out of proportion to the 
radiological severity, it is helpful to obtain a 
Rosenberg view (PA weight-bearing X-ray in 30° 
flexion) to better delineate the degree of joint 
space loss in this anatomic location.

In contemporary practice and where available, 
a computer tomography (CT) scan is useful for 
assessing the bony deformities in a three- 
dimensional plane. Other recent technological 
advances used in planning may include 3D print-
ing. These imaging modalities also help in preop-
erative templating.

Templating aids in estimating the level of 
bony resection and the implant size, thus prepar-

ing the surgeon better in terms of what is 
expected during the surgery. On the AP radio-
graph, one can draw the anatomical axes of the 
femur and tibia. To determine the level of the 
tibial cut, a line perpendicular to its anatomical 
axis is drawn at the level of the more involved 
lateral tibial plateau. For the distal femur cut, a 
line at 3° valgus to the anatomical axis of the 
femur at the level of the intercondylar notch has 
been recommended (as opposed to the usual 
5°–7° for a varus knee) to prevent under-correc-
tion of valgus.

Sizing of the components is performed by 
superimposing implant-specific outlines over the 
radiographs or using digital templates. The lat-
eral radiographs are preferred for this as magnifi-
cation of the femoral condyle is greater (by 
5–7%) on the AP radiograph [1, 3, 6].

Fig. 6.2 A preoperative VAK (on the left) treated with TKR (post-operative radiograph on the right) depicting optimal 
coronal plane alignment
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Another important step in preoperative plan-
ning is anticipating the implants that are likely to 
be used at the time of surgery. This ensures that 
the relevant implants and instrumentation are 
available at hand, before embarking on the sur-
gery. The final decision on the type of implant to 
be used is made after taking the cuts and soft tis-
sue balancing at the time of trialling.

As far as possible, the least constrained 
implant that provides a stable mobile well- 
balanced knee should ideally be used, especially 
in knees where the valgus deformity can be clini-
cally corrected to neutral. The use of a more con-
strained prosthesis like posterior-stabilized (PS) 
implants is necessary if soft tissue balancing 
necessitates the sacrifice of the PCL.

There are arguments that the PS implant offers 
advantages over its CR counterpart in VAK. A PS 
implant is inherently more stable by virtue of its 
cam-post mechanism. It allows for greater later-
alization of the implants, improving patella mal-
tracking and minimizing the need for lateral 
retinacular release. The literature supports good 
outcomes with both CR and PS type designs in 
valgus knees where a varus-valgus constrained 
(VVC) implant, or a rotating hinge is not required.

However, PS implants are not useful if there is 
residual medial laxity after trial implantation, 
especially in grade III deformities. In such cases, 
VVC implants are necessary. The use of hinged 
knees, augments and stems are usually reserved 
for complex primary TKR, excessive bone loss 
from the femoral and tibial condyles and in revi-
sion scenarios.

6.6  Surgical Technique

The supine patient position is employed, with a 
lateral thigh post, a bump taped to the table to 
support the foot and a tourniquet, if the surgeon 
prefers one.

6.6.1  Approaches

The authors prefer a standard anteromedial (AM) 
approach for all their valgus knee TKR proce-
dures. Others have recommended the anterome-

dial approach for grade I and II VAK [1]. The 
anterolateral (AL) approach was popular for 
severe grade III deformities with lateral disloca-
tion of the patella and could be combined with a 
tibial tubercle osteotomy (TTO) in a bid to evert 
the patella medially [15]. A systematic review by 
Wang et al. has shown this approach to be more 
useful and safer than the (AM) approach in severe, 
uncorrectable VAK (grade III deformity) [16].

 (i) Anteromedial (AM) Approach: A standard 
midline incision is made extending from 
about 5 to 7 cm proximal to the upper pole of 
the patella, across the patella, down to the 
tibial tuberosity. This is carried down to the 
deep fascial layer to expose the distal quadri-
ceps muscle, patella and patellar tendon. 
This is then followed by a medial arthrotomy, 
leaving a small cuff of soft tissue around the 
patella to aid in closure. This is the standard 
approach used in the more common varus 
knees, making it a relatively straightforward 
approach with good short- and long-term 
outcomes in a VAK. However, the purported 
disadvantages of its use are reported by some 
authors to be difficulty in visualizing the 
PLC, patella maltracking, devascularisation 
of the patella if a concomitant lateral release 
is performed and potential for over-release of 
the medial soft tissue resulting in residual 
laxity [8, 11, 12, 17, 18].

The authors have not found these to be 
clinically significant problems and with 
experience they can be avoided (Fig. 6.3).

 (ii) Anterolateral (AL) Approach: In this 
approach, the position of the skin incision 
varies from midline [6, 13] to the lateral bor-
der of the quadriceps tendon [9]. This is fol-
lowed by a lateral parapatellar capsulotomy. 
As an option, the approach can be extended 
proximally as a lateral subvastus approach 
[19, 20]. To get an adequate exposure of the 
joint, the ITB is elevated from Gerdy’s 
tubercle and a TTO (generally 5–7  cm) is 
performed from the lateral side [21, 22]. The 
TTO hinges medially on the intact tissue, 
thus enabling the patella to be everted medi-
ally. This approach is particularly useful in 
fixed valgus deformities as the release of the 
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lateral retinaculum is integrated as a part of 
the approach, and the medial retinaculum 
remains untouched, thus preserving patellar 
vascularity. If a TTO is used, the extensor 
mechanism can be adjusted by medialising 
the tibial tuberosity, if patellar maltracking 
is noticed during surgery. In cases with pre-
vious high tibial osteotomy, everting the 
patella can be particularly difficult due to 
adhesive scar tissue. Intraoperative patella 
fracture and patella tendon avulsion can 
result due to aggressive attempts at everting 
or retracting the patella. To avert this eventu-
ality, an additional procedure is needed 
proximally (V-Y quadriceps-plasty or quad-
riceps snip) or distally (TTO). The TTO fol-
lowed by eversion of the patella on an intact 
medial hinge facilitates excellent exposure 
[2, 6, 23–26].

The authors have not found the need to per-
form such an extensile approach even in very 
severe valgus knee deformities.

Common to both approaches is the excision of 
the anterior cruciate ligament (ACL) and the 
menisci after fully flexing the knee. The excision 
of the PCL would depend on whether a PS or CR 
implant is planned to be used.

6.6.2  Bone Resection

Prior to performing the bony cuts, it is important 
to excise the osteophytes that are attached to the 
distal femur and proximal tibia. In a VAK, these 
are usually located on the lateral side of the knee. 
This step allows for accurate sizing of the com-
ponents. It also decompresses the soft tissue on 
the lateral side, which contributes to some degree 
of deformity correction. The bony cuts then fol-
low. To allow for gap balancing without elevating 
the joint line or creating an extension gap that is 
too large, it is prudent to perform resection of the 
least possible quantity of bone that is needed for 
balanced gaps.

The authors prefer a tibia first strategy which 
allows the use of spacer blocks to measure and 
balance the extension and flexion gaps.

 (i) Tibia Resection: The tibia cut must be made 
perpendicular to the mechanical axis of the 
tibia, after confirming the alignment with the 
alignment guide. The amount of bone cut is 
usually 6–8 mm [1], as measured on the less 
involved side, i.e. the medial condyle. In 
severe deformities, no bone may be cut from 
the lateral side, due to excessive bone loss 
from the lateral condyle. In such a case, it is 

Fig. 6.3 Intraoperative images of a standard anteromedial approach for a VAK. In most cases, this approach yields 
adequate exposure of the knee joint
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not imperative to incorporate the bony defect 
into the cut, as this would increase the quan-
tity of bone resected from the medial side. 
Rather, this defect is best managed with lat-
eral side tibial augments and/or bone graft.

The authors prefer to reference the tibial 
resection from the less worn (medial) plateau 
to avoid excessive resection and the prob-
lems encountered by bigger resections. A 
conservative approach is often best used as 
further resection if necessary can be con-
ducted. The authors technique involves iden-
tifying the level of the subchondral bone on 
the medial side and making a 2 mm resection 
level from this. This may sometimes involve 
scraping some residual cartilage from incom-
plete medial wear to identify this level. It is 
not necessary to ensure that the lateral side 
has been cut if this is the desired level of the 
joint line. In this situation, it is better to 
maintain the native joint line and augment 
the lateral wear in severe cases.

 (ii) Femur Resection: The distal femur resection 
valgus angle does vary depending upon the 
philosophy of the surgeon. The authors (NS) 
tend to perform this cut at 3–4° valgus (As 
per Ranawat et al. using an intra-medullary 
referencing rod) to the anatomical axis of the 
femur (as opposed to the usual 5°–7° valgus 
cut for a varus knee), to compensate for 
metaphyseal-diaphyseal valgus remodelling 
that has usually taken place and to prevent 
under-correction of valgus [1]. This cut 
should resect about 0–2  mm of the lateral 
condyle and 7–10  mm of the medial 
condyle.

If using the Ranawat technique, the exten-
sion gap followed by the flexion gap is 
assessed (described below in Sect. 6.3) 
(Figs. 6.4 and 6.5) [1]. The anterior and pos-
terior cuts on the femur determine the femo-
ral rotation. Accuracy in these cuts is of 
paramount importance, as femoral rotation 
determines patellar tracking, flexion stability, 
rotational alignment of the tibia in extension 
and for avoiding notching over the anterior 
femur [27, 28]. Erroneous cuts that place the 
femur in internal rotation lead to an increase 

in the quadriceps (Q) angle and subsequent 
patellar maltracking, increase in the lateral 
flexion gap and alters the relative sizes of the 
posterior condyles in flexion, thus leading to 
a disparity between the extension and flexion 

Fig. 6.4 Intraoperative assessment of extension gap 
using a spacer

Fig. 6.5 Intraoperative assessment of flexion gap
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gaps [27]. Conversely while some degree of 
external rotation is desirable, excessive exter-
nal rotation is detrimental and can lead to 
medial flexion instability and high shear 
forces on the patella leading to maltracking 
[29, 30]. Most authors recommend 2°–7° of 
femoral external rotation. Femoral rotation 
outside this range is associated with the com-
plications mentioned above and lower sur-
vival rates of the prosthesis [31–33].

There are four surgical techniques for 
determining proper femoral rotation: flexion 
gap balancing (using tension jigs, spacer 
blocks, lamina spreaders or trial compo-
nents), Whiteside’s (trochlear AP) axis, 
trans-epicondylar axis (TEA) and posterior 
condylar axis (PCA). The surgeon must bear 
in mind that the VAK is commonly associ-
ated with a hypoplastic lateral femoral con-
dyle, causing malrotation of the femoral cuts 
into internal rotation when the PCA is used 
to determine femoral rotation [34].

Use of the TEA and Whiteside’s line in 
such cases helps placing the cutting block in 
the correct rotation. Additionally, the cutting 
block should be parallel to the cut surface of 
the tibia [1]. When Whiteside’s line is diffi-
cult to identify in severe trochlear hypopla-
sia, the TEA can be used as a reference for 
femoral component rotation [3]. Berger et al. 
further categorized the TEA into the surgical 
TEA (line between the lateral epicondyle 
and the medial sulcus of the medial epicon-
dyle) and clinical TEA (line between the lat-
eral epicondyle and medial epicondyle) [35]. 
While some authors recommend the surgical 
TEA as a more reliable reference, others 
argue that the clinical TEA may be closer to 
the functional axis for patella-femoral articu-
lation [35–37]. The authors prefer to use a 
“multi-axes referencing philosophy” using 
the spacer blocks and gap balancing as well 
as the available anatomical landmarks and 
lines to ensure that the femoral component 
rotation is appropriate.

Significant lateral femoral condyle defi-
ciencies may necessitate the use of augments 
in the femoral components. If the use of PS 

components is planned, the femoral box cut 
should be lateralised to improve patellar 
tracking [38].

The authors have found Patient-specific instru-
ments (PSI) useful in patients with existing hard-
ware in the femur and tibia, which may necessitate 
hardware removal if intramedullary referencing 
is used. These are also useful when TKR is per-
formed in the presence of extra-articular defor-
mities. PSI is reportedly associated with shorter 
operative time, less blood loss and eliminates the 
need to open the medullary canal. However, it has 
its share of disadvantages, viz. increased cost, 
need for preoperative CT or MRI scan and 
increased waiting time before surgery [39]. The 
final decisions and fine-tuning for soft tissue bal-
ancing and assessing stability are not obviated by 
using PSI, and the surgeon still has to retain con-
trol of the final alignment and stability.

6.6.3  Gap Assessment and Soft 
Tissue Balancing

The “inside-out” technique described by Ranawat 
et al. is often used for gap balancing in grade I 
and II VAK deformities and has been described 
here [1]. In this PCL sacrificing technique, con-
trolled soft tissue lengthening is used to balance 
the knee in extension, whereas bone cuts are used 
to balance the knee in flexion.

 1. The extension gap is assessed first after com-
pleting the tibia and distal femur resections. The 
knee is placed in extension, and an appropri-
ately sized spacer block is placed in the knee. 
Varus and valgus stress is applied at the knee 
with the spacer block in situ. Lateral tightness is 
elicited if the extension gap is unbalanced. The 
block is removed and a lamina spreader is 
placed in the centre of the knee. Alternatively, 
gentle longitudinal traction is given to the leg. 
The shape of the gap is observed. A trapezoidal 
gap skewed towards the lateral side is seen if the 
knee is  unbalanced. The aim is to attain a rect-
angular extension gap.

If a trapezoidal gap is observed, an inside- 
out technique of lateral soft tissue lengthening 
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has been described by Ranawat. With the knee 
extended and distracted, the ITB, PLC and 
PCL (if not already resected) are palpated and 
checked for their tightness. If any of these 
structures are felt to be tight, they are released/
lengthened from the intra-articular side. The 
PLC should be released from the level of the 
cut tibial surface. Electrocautery is preferred 
here, given the proximity of the common 
peroneal nerve. The popliteus is preserved 
unless it is tight. The ITB can be fractionally 
lengthened from the inside using the pie- 
crusting technique, i.e. multiple stab incisions 
into its substance.

The gap is then reassessed as above. At 
least one or two of the lateral stabilizers 
should be retained for stability. However, if 
the releases lead to instability on varus and 
valgus stress, then a constrained implant 
should be used. Only once the extension gap 
is balanced, should one proceed with the 
remaining femoral cuts and flexion gap bal-
ancing (Figs. 6.4 and 6.5).

 2. The flexion gap is then evaluated. Ranawat 
suggested that the cutting block for the 
remaining femur cuts be fixed provisionally to 
the distal femur, parallel to the cut surface of 
the tibia, a lamina spreader applied and the 
flexion gap checked at 90° flexion using the 
spacer block and laminar spreader as described 
above. A flexion gap identical to or up to 
2  mm less compared to the extension gap 
must be obtained. The block can be rotated or 
height adjusted if there is gap asymmetry. 
Once a rectangular flexion gap similar to the 
extension gap is achieved, the femoral cuts are 
taken in the order of anterior, posterior, ante-
rior chamfer, posterior chamfer and finally, 
the box cut.

Once balanced gaps are achieved, the trial 
components are inserted. Knee range of motion, 
stability and patellar tracking are assessed. 
Patella resurfacing, if preferred, is performed as 
per usual. Pie-crusting of the lateral patellar reti-
naculum is performed if there is patellar mal-
tracking with well-positioned implants. The trial 
components are removed, bone washed and dried 

and the final components are cemented into 
place. A water-tight closure of the knee is per-
formed with the knee flexed.Besides Ranawat’ s 
“inside-out” technique discussed above, other 
authors have presented different techniques of 
lateral soft tissue management in TKR for a 
VAK. A brief review is presented.

In 1979, Insall propounded his technique of 
balancing, by dividing the ITB transversely just 
above the joint line, while PLC, LCL and POP 
were released off the lateral femoral condyle 
[40]. In 1990, a sequential three-step release was 
described by Buechel, for the correction of fixed 
valgus during TKR.  The ITB is first elevated 
from Gerdy’s tubercle, followed by the LCL and 
POP.  Finally, the periosteum from the fibular 
head is elevated [41]. In 1991, a study by Krakow 
observed that for grade I VAK, the sequence of 
release should be the ITB and LCL, followed by 
PLC, POP and the lateral head of the gastrocne-
mius muscle, if needed. Grade II VAK needed an 
additional medial-sided reconstruction in the 
form of a proximal or distal advancement of the 
MCL [11]. According to Favorito et al., the LCL 
must be released first, followed by the POP, PLC, 
femoral attachment of the lateral head of gastroc-
nemius and finally, the ITB [2].

A cadaveric study by Krakow and Mihalko in 
1999 suggested that the LCL be released first in 
cases of severe VAK.  Releases of the POP and 
ITB should be based on whether these structures 
are tight on palpation [42]. However, the LCL 
may not be contracted in all cases of VAK, and 
hence, its release is not always necessary.

Whiteside noted that the LCL and POP influ-
ence both the extension and flexion gap, while 
the ITB, lateral head of gastrocnemius and biceps 
femoris influence only the extension gap. 
Therefore, prior to release, he advocated that the 
soft tissue tension in flexion and extension be 
assessed, and the appropriate soft tissue then be 
released. The posterior capsule is released only 
when there is persistent lateral ligament tight-
ness. His case series had no clinical instability at 
6  years follow-up using this surgical technique 
with CR implants [43]. Another technique of lat-
eral release, the cruciform retinacular release, 
was described by Politi and Scott [44].
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A lateral sliding osteotomy including a bone- 
block with the attachments of the LCL and POP 
on the lateral femoral epicondyle was described 
by Brilhault and Burdin in 2002, in conjunction 
with the AL approach [45]. Mullaji and Shetty 
demonstrated an accurate repositioning of the 
bone-block, after the release of the PLC and ITB, 
with computer navigation [46]. A similar study 
by Hadjicostas et al. using computer-assisted lat-
eral femoral condyle osteotomy with non- 
constrained implants for severe valgus knees 
gave excellent mid-term outcomes [47]. The 
appeal of the AL approach in irreducible valgus 
deformities was also emphasized by Boyer et al., 
as the ITB is automatically released as a part of 
this approach. If further releases are needed, the 
PLC, followed by the lateral head of gastrocne-
mius and the biceps tendon are released [48].

As is obvious from the above discussion, there 
are several techniques described for attaining soft 
tissue balance in a VAK, with different successful 
strategies and variations that have been used his-
torically by different surgeons to achieve the 
objectives. However, no single one of these has 
proved the most effective in a TKR for a VAK 
[38]. The authors feel it is important for the sur-
geon to understand the patho-anatomy and become 
well-versed with the concepts. The surgeon then 
needs to become familiar with and experienced in 
the usage of more than one such technique.

The presence of an extra-articular deformity 
can make restoring the alignment of the knee more 
difficult, more so if these deformities occur in 
multiple planes. In general, deformities up to <10° 
in the coronal plane and <20° in the sagittal plane 
can be corrected by intra-articular bone resection 
and soft tissue releases. Deformities greater than 
these have been managed, in literature, with a cor-
rective osteotomy, either simultaneously with the 
TKR or as a staged procedure [49, 50].

6.7  Complications Following TKR 
in a VAK

The common complications seen following sur-
gery are tibiofemoral instability (2–70%), 
recurrent valgus deformity (4–38%), post-oper-

ative knee joint stiffness requiring manipula-
tion (1–20%), wound complications including 
infections (4–13%), patellar stress fracture or 
osteonecrosis (1–12%), patellar maltracking 
(2–10%) and peroneal nerve palsy (3–4%) [1, 
3, 6, 7, 11].

An osteotomy around the knee (TTO, lateral 
femoral condyle) may lead to migration of the 
osteotomy and hardware failure. In a series of 
33 cases of VAK that underwent TKR using a 
TTO as a part of the approach, there was one 
reported case of a 5 mm proximal migration of 
the osteotomized fragment and breakage of 
one of the screws that was used to fix the oste-
otomy. However, this did not lead to patella 
instability, and the final outcome was not 
affected [21].

Peroneal nerve palsy usually results due to 
lengthening of the lateral side of the knee and 
subsequent traction on the nerve. It is imperative 
to examine the peroneal nerve following surgery 
and if a deficit is noted, the knee should be placed 
in flexion to ease the tension on the nerve [2]. 
Tight dressings around the knee should be loos-
ened. There are no objective guidelines or data to 
support the efficacy of any immediate surgical 
intervention [51].

Another mechanism of injury to the peroneal 
nerve is iatrogenic trauma during surgery, partic-
ularly while the PLC is being released. In a 
cadaveric study, Bruzzone et  al. noted that the 
nerve is at risk during the release of the PLC, in a 
triangle defined by the POP, the tibial cut surface 
and the most posterior fibres of the ITB (danger 
zone), but not during the pie-crusting of the ITB 
(safe zone) [52]. Ranawat et  al. recommended 
using electrocautery during this step, to minimize 
iatrogenic peroneal nerve injury [1].

When a TTO is used, there is a risk of fracture 
of the tibial tuberosity and tibial plateau. A large 
TTO increases the risk of a tibia fracture. 
Reducing the size of the osteotomy to 5 cm can 
nullify this complication [21].

It goes without saying that patients should be 
properly counselled and consented for the sur-
gery. Most high-volume joint replacement units 
have well-established patient education pathways 
prior to joint replacement.
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6.8  Results

The long-term results of TKR in VAK are depen-
dent on multiple factors—restoration of the 
mechanical and anatomical axis of the lower 
limb, accurate component alignment and soft tis-
sue balancing. To an extent, the surgical approach 
used also has a bearing on the outcome. The 
results from literature are broadly discussed 
below with regards to the approach employed 
and the soft tissue balancing technique.

6.8.1  Results Based on the Surgical 
Approach Employed

As discussed in the section on approaches, the 
AM approach is used for grade I and some grade 
II deformities with valgus that is correctable 
manually. The AL approach is preferred for 
severe VAK with uncorrectable deformities. This 
approach is usually coupled with a TTO and is 
particularly useful for gaining excellent exposure 
and addressing patella maltracking [6, 21]. The 
literature comparing outcomes of the two 
approaches is heterogeneous, with a tendency to 
favour the AL approach.

One study found that the AM approach led to 
incomplete correction of the anatomical axis of 
the knee resulting in poorer clinical outcomes, 
though this did not lead to early implant failure 
[53]. On the other hand, proponents of the AL 
approach have reported better axis correction and 
clinical outcomes [41, 54]. Nikolopoulos et  al. 
compared the clinical outcomes of two groups of 
patients- combined AL approach and TTO versus 
AM approach and found no statistically signifi-
cant difference between the two. However, val-
gus deviation after surgery occurred in 32% of 
the patients in the AM group, as opposed to 9% in 
the AL group [6]. Hirschmann et  al. reported 
marginally better clinical results and less pain 
with the AL approach at 2  years follow-up, 
although this approach was associated with lon-
ger operative time and higher risk of early com-
plications and revisions [55]. Sekiya et  al. 
reported better knee flexion in the AL group 
when comparing the AM approach and AL 

approach without TTO [56]. The lateral subvas-
tus approach as a part of the AL approach com-
bined with a TTO demonstrated comparable 
clinical results at the end of 1 year to those when 
the AM approach was employed [19].

6.8.2  Results Based 
on the Technique of Soft 
Tissue Balancing

There are numerous techniques that have been 
described for soft tissue balancing of a VAK, with 
no single technique having unanimously superior 
results compared to the others. These have been 
discussed below.

Insall achieved good to excellent results in 
93% of his patients and a 6.7% reoperation rate at 
12 years with his technique of release [40, 57]. 
Keblish’s formula of anterolateral approach and 
lateral release for knees with fixed valgus defor-
mity yielded good to excellent outcomes in 
94.3% of patients [9]. In his series of 135 knees, 
Whiteside attained a mean post-operative valgus 
of 7° as compared to 16° before surgery, with no 
instability and malalignment, at the end of a 
6-year follow-up period, using his sequential 
release. The incidence of patellar instability was 
less than 1%. He also recommended a tibial 
tuberosity transfer when the Q-angle was more 
than 20° [58].

In two independent studies, Krackow and 
Healy evaluated outcomes after medial soft tissue 
advancement or reconstruction combined with 
lateral release. In Krackow’s series of 99 patients, 
72% of patients experienced excellent results 
[59]. Healy reported successful outcomes in all 
patients between 4- and 9-year follow-up, with a 
functional range of motion and no instability 
[60].

Politi and Scott described a lateral cruciform 
retinacular release for VAK of ≥15° with reliable 
and good to excellent results [44]. Independent 
studies by Stern and Laurencin, using their 
respective sequential lateral releases, achieved 
good results in a majority of the patients.

The lateral femoral condyle sliding osteotomy 
described by Brilhault and Burdin, yielded satis-
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factory stable coronal alignment, no knee insta-
bility and improved functional knee scores at a 
mean follow-up of 4.6 years [45].

Hadjicostas used navigation to assess the gaps, 
in addition to a lateral femoral condyle osteotomy 
with excellent mid-term results [47]. Huang et al. 
proposed the use of computer- assisted surgery 
(CAS) for accurate intra- articular bone resection. 
This is particularly useful in cases with marked 
coronal femoral bowing, which is prevalent in 
South-East Asian populations. Huang’s study 
found that CAS was effective for obtaining proper 
alignment and joint line restoration in Ranawat 
type-II VAK and marked coronal femoral bowing 
deformity, but did not yield better clinical out-
comes than intra-articular bone resection at a 
mean follow-up of 60.2 months [61].

Often, a final valgus alignment of 2°–7° is pre-
ferred. This represents the physiological valgus 
in normal knee. Miyasaka et  al. demonstrated 
good bony alignment in 75% ofcases in their 
study with 10–20-year follow-up [62]. Some 
authors recommend overcorrection into slight 
varus in order to resist the tendency of the knee to 
move back into valgus in the post-operative 
period [63].

6.9  Summary

• Plan well prior to the surgery, including a 
thorough clinical assessment, evaluation of 
the bony and soft tissue problems and ensur-
ing all necessary inventory is at hand.

• Always respect the soft tissues around the 
knee. Aggressive releases will necessitate the 
use of constrained implants.

• Beware of a hypoplastic lateral femoral con-
dyle and the pitfall of femoral malrotation.

• Have a philosophy for soft tissue balancing 
and making the bony cuts and the sequence of 
releases based on training and experience.

• Perform resection of the least possible quan-
tity of bone that is needed for balanced gaps to 
allow for soft tissue balancing without elevat-
ing the joint line or creating an extension gap 
that is too large.

• Attempt to obtain equal gaps in flexion and 
extension. Avoid overstuffing. Ensure a well- 
balanced and tracking extensor mechanism.

• Exert caution while releasing the PLC due to 
the proximity of the common peroneal nerve.
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Mobile Bearing Unicompartmental 
Knee Arthroplasty

Hemant Madhukar Wakankar

7.1  Introduction

Unicompartmental Knee Arthroplasty (UKA) for 
isolated single compartmental arthritis is an 
attractive concept, especially for younger patients 
in whom preservation of bone stock is important. 
Medial UKA has been in use in tandem with Total 
Knee Arthroplasty (TKA), especially for young 
patients with anteromedial osteoarthritis. 
Consistent UKA outcome demands good patient 
selection and meticulous surgical technique and 
has not been popular with surgeons who do not 
perform it in large enough numbers to get over the 
learning curve. Analysis of National Joint Registry 
of UK data suggests that UKA survival rate is 
lowest among surgeons doing small numbers and 
increases as surgeon number increases [1].

The Oxford group has suggested that the sur-
geon should perform about 20% of knee arthro-
plasties using UKA to get proficiency and have 
consistent surgical outcomes [2, 3]. Medial com-
partmental mobile bearing UKA is far more pop-
ular than lateral mobile bearing UKA, simply 
because lateral compartment is inherently more 
lax and incidence of UKA mobile bearing dislo-
cation is high.

7.2  History 
of Unicompartmental Knee 
Arthroplasty

Early development of unicompartmental knee 
arthroplasty happened in tandem with the tricom-
partmental total knee arthroplasty. The first suc-
cessful unicompartmental designs were 
introduced by St George (1969) and Marmor 
(1972) [4]. These prosthesis comprised of a poly-
centric metal femoral condyle articulating with 
flat all polyethylene tibial component and all were 
cemented. The non-conforming tibial component 
avoided constraints of articulation, however, it 
reduced the contact area. It was noticed that the 
thinner all-poly tibial components deformed and 
failed early, hence they were abandoned in favour 
of a thicker one. This also led to the development 
of metal back fixed bearing tibial prosthesis with 
the consequence of reduced poly thickness.

In 1974, John Goodfellow and John O’Connor 
introduced the first Oxford unicompartmental 
knee prosthesis, which was a congruent mobile 
bearing design [2]. It had a spherical metallic fem-
oral component, a flat metal tibial component and 
polyethylene mobile bearing with concave femo-
ral articular surface and flat tibial articular surface. 
It was fully unconstrained and fully congruous at 
both interfaces throughout the range of motion. It 
was initially used as a bicompartmental arthro-
plasty with both medial and lateral compartments 
resurfaced using unicompartmental prosthesis. 
The anterior and posterior cruciate ligaments were 
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kept intact. In 1982, the device was first used as a 
unicompartmental arthroplasty for anteromedial 
osteoarthritis. In 1987, the Phase 2 implants were 
introduced. Both Phase1 and Phase 2 prosthesis 
had single-size femoral and tibial components and 
were implanted by open approach. In 1998, the 
Oxford Phase 3 implants were introduced for use 
with minimally invasive approach. The femoral 
component had five sizes and the tibial compo-
nents were introduced as right and left compo-
nents. The polyethylene bearing was also modified. 
In 2012, the ‘Microplasty’ instrumentation was 
introduced. Advantages of the new instrumenta-
tion included consistent tibial resection depth with 
facilitation of optimum positioning of the femoral 
component and prevention of impingement.

Anteromedial Osteoarthritis (AMOA) Medial 
compartment osteoarthritis is a slowly progressive 
disease. It was noticed that if the anterior cruciate 
ligament (ACL) remained intact, the development 
of osteoarthritis was confined to the anteromedial 
aspect of tibia and corresponding weight-bearing 
surface of the medial femoral condyle. With carti-
lage loss from these areas, the tension in the MCL 
and ACL reduces in extension. In flexion, however, 
the cartilage from the posterior part of medial femo-
ral condyle articulates with the cartilage on the pos-
teromedial side of tibia, thereby making it a disease 
in extension only. Varus deformity in such situation 
is seen only in extension and it corrects itself in 90° 
of flexion. At 20° of flexion, the varus deformity is 
passively correctable. Progression of the degenera-
tive process leads to loss of ACL tension, posterior 
translation of the femur on tibia and consequent 
complete loss of cartilage from posteromedial tibia 
and progressive varus deformity with subluxation.

7.3  Indications for Medial 
Compartment 
Unicompartmental 
Arthroplasty

The primary selection criteria for medial UKA 
are:

 1. Anteromedial osteoarthritis
 2. Intact anterior cruciate ligament

 3. Functioning medial collateral ligament
 4. Full-thickness lateral compartment cartilage
 5. Correctable varus deformity of up to 10°

Kozinn and Scott, in 1989, suggested that 
patients who weighed more than 82 kilograms, 
who were younger than 60  years, did heavy 
labour, had exposed bone in the patellofemoral 
joint or chondrocalcinosis where not suitable 
candidates for UKA [5]. Goodfellow et al., how-
ever, suggested that these contraindications could 
be ignored for mobile bearing UKA and the suit-
ability of UKA depends on the pathoanatomy [6]. 
Pandit et al. reported that the clinical outcome of 
Oxford UKA in the presence of these ‘contrain-
dications’ were similar or better than those with-
out ‘contraindications’ [7].

The absolute contraindications for medial 
UKA are inflammatory arthritis, non-functioning 
ACL, bone-on-bone patellofemoral arthritis, and 
non-functioning medial collateral ligament 
(MCL).

Conceptual Difference Between 
Unicompartmental Arthroplasty and Total 
Knee Arthroplasty
During total knee arthroplasty, the surgical goal 
is to achieve a mechanical axis, which is line 
passing through the centre of the hip joint to the 
centre of the ankle, to pass through the centre of 
the knee joint (neutral mechanical axis). In uni-
compartmental arthroplasty, correction of the 
mechanical access of the lower limb is not the 
goal. Since no ligamentous release is done during 
surgery, deformity correction and mechanical 
axis correction are not aimed or achieved. Any 
overstuffing of the medial compartment with a 
thicker polyethylene component will lead to 
overcorrection of the mechanical axis and over-
loading of the lateral compartment, predisposing 
to the early development of lateral compartment 
arthritis.

How to Judge Suitability for Medial 
Unicompartmental Arthroplasty
It can be tricky to confirm that the arthritis is con-
fined to anteromedial aspect without MRI or 
arthroscopy. The methods to assess the suitability 
include:
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 1. True Lateral X-ray of Knee: In a true lateral 
X-ray of the knee, with both femoral condyles 
overlapping, the wear pattern of the medial 
tibial plateau can be mapped. If the wear 
extends to the posterior side of the tibial pla-
teau, it suggests that the ACL is not intact.

 2. Valgus Stress AP View: In about 20° of knee 
flexion, valgus stress AP view is used to judge 
if the deformity is fixed or correctable. It also 
demonstrates if the lateral compartment carti-
lage is intact and that medial collateral liga-
ment is functional.

 3. Skyline/Merchant’s view should not show 
bone-on-bone arthritis of patellofemoral 
articulation.

7.4  Surgical Procedure of Mobile 
Bearing Medial UKA (Oxford 
Phase 3 with Microplasty 
Instrumentation)

Surgery is performed under suitable anaesthesia, 
usually under spinal or epidural.

7.4.1  Position

The classic Oxford UKA is done with the use of 
a thigh holder with knee and leg free. The weight 
of the leg distracts the knee and is useful during 
surgery (Fig. 7.1). Alternatively, surgery can also 
be done with a lateral thigh support and foot rest-
ing on the table.

7.4.2  Approach

UKA is performed through minimally invasive 
parapatellar approach under tourniquet. The 
medial UKA is performed through longitudinal 
incision starting at the level of the upper pole of 
patella over medial 1/third of patella to medial 
side of tibial tuberosity about 2–3  cm distal to 
joint line (Fig. 7.2). Medial margin of the patella 
is identified, and the retinacular incision is taken 
from the upper pole of patella to about 2–3 cm 
below the joint line medial to the tibial tuberosity. 

If the joint is tight, the proximal arthrotomy may 
be extended under the vastus medialis. The fat 
pad in way of exposure is excised, and perios-

Fig. 7.1 Thigh resting on leg holder with knee and leg 
free

Fig. 7.2 Medial parapatellar incision
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teum over anteromedial tibia is elevated till the 
MCL. The joint is thoroughly examined to con-
firm suitability for UKA. The integrity of ACL is 
checked by hooking it, patellofemoral joint and 
lateral compartment are assessed. The osteo-
phytes in the femoral notch, in front of ACL and 
from the medial side of femoral condyle are 
excised. Medial collateral ligament is not 
released, so no dissection is performed subperi-
osteally under the MCL.

7.4.3  Tibial Cut

The knee is flexed to 100°, and the femoral sizing 
spoon is inserted under the medial femoral con-
dyle. The femoral implant size is determined by 
the coverage of the implant over the medial fem-
oral condyle and care is taken to prevent anterior 
overhang and impingement on the patellofemoral 
joint. Most female patients below 155 cm height 
require extra small femoral component and 
patients from 155 to 165 cm require small femo-
ral component. With 1 mm femoral sizing spoon 
in place, the medial collateral ligament tension is 
assessed. Usually 1 mm spoon achieves adequate 
tension, but if needed thicker spoon maybe used 
to get proper balance. The tibial saw guide assem-
bly is then applied, and the ankle strap is tight-
ened with the shaft of the jig parallel to the long 
axis of the tibia in both planes. The centre of the 
ankle clamp is in line with the centre of the ankle 
joint. The level of the tibial resection is deter-
mined by the size of the G clamp used. Usually 
size 3 or 4  G clamp is applied to the femoral 
spoon and is fixed to the tibial cutting jig. The 
upper end of the tibial cutting jig must rest against 
the tibia. The level of resection is judged, and the 
tibial cutting block is fixed to tibia with 1 or 2 
pins. It is adequate to fix using only one lateral 
pin, as the medial pin can potentially weaken the 
tibial metaphysis and predispose to stress frac-
ture. The G clamp and the femoral spoon are 
removed. The z-shaped retractor is placed under 
the medial collateral ligament to protect it. First, 
the vertical cut is taken at the medial edge of the 
anterior cruciate ligament in line with the flexion 
axis and blade pointing towards the anterior 

superior iliac spine. It is important not to raise the 
handle of saw while cutting, so that excessive cut 
in the posterior cortex of tibia is avoided. Next 
horizontal cut is taken using a 12 mm narrow saw 
blade with markings to judge the depth. It is 
important to avoid any excessive lateral cut into 
tibial spine. The resected tibial bone is removed, 
and any remnant of medial meniscus is excised. 
A trial tibial spacer is used to judge the 
resection.

7.4.4  Femoral Preparation

A 4  mm drill hole is made at the junction of 
medial femoral condyle and the trochlea, 1 cm 
anterior to the edge of intercondylar notch in 
line with the lateral wall of the medial femoral 
condyle. A thin intramedullary rod is inserted. 
The central 1/3rd of medial femoral condyle is 
marked using a marking pen or diathermy. The 
femoral component size is confirmed. The fem-
oral drill guide for the appropriate size of the G 
clamp is set at 3 or 4 mm and placed over femo-
ral condyle. The linking device is used to fix the 
femoral drill guide to the intramedullary road 
(Fig. 7.3).

It is important to ascertain the position of the 
femoral drill guide in the centre of the femoral 
condyle and the mark made in the centre of the 
medial femoral condyle should be visible 
through the drill hole guide. Once the guide 
position is confirmed, the 4  mm anterior drill 
hole and 6 mm posterior drill hole is made. The 
drill guide and linking device are removed. The 
femoral posterior condylar cut guide is inserted 
into the drilled holes and gently tapped in. 
Retractor is placed in the axilla of medial col-
lateral ligament to protect it and using a narrow 
oscillating saw blade posterior femoral condyle 
is cut. The guide is then removed with a slap 
hammer extractor. Resected bone fragment is 
removed. The remnant of medial meniscus is 
excised. Size zero spigot is inserted into the 
larger drill hole and tapped in until the collar 
abuts against the bone. The spherical cutting 
mill is then slid onto the spigot with care to 
retract soft tissues. The milling is done on the 
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reamer setting of the drill, in the direction of the 
spigot axis. The collar of the spigot prevents 
excessive milling. The mill and the spigot are 
then removed and any bony remnants at the 
periphery of the milled surface are trimmed. 
The tibial template is then inserted, and the sin-
gle peg femoral trial component is tapped in. 
With the knee in flexion, gap is measured using 
sizing gauges starting at 3  mm. The gauge 
should slide in with just minimal push indicat-
ing adequate tension in MCL. If the 3 mm gauge 
cannot be inserted, tibial cut may need to be 
revised. If the 3 mm gauge feels loose, thicker 
gauge is tried. After measuring the flexion gap, 
the gauge is removed, and the knee is brought to 
the position of 20° flexion. Gentle valgus stress 
is then applied, and 1 mm gauge is attempted to 
be placed in the gap. If 1 mm gauge cannot be 
inserted, then the extension gap is assumed to be 
zero mm. If 1  mm gauge is loose, then 2  mm 
gauge is tried. Again, the tension in the MCL is 
judged with different size gauges. The differ-
ence between flexion space and the extension 
space is calculated. For example if the flexion 
space accepts 4 mm gauge and extension space 

accepts 1  mm gauge, then the difference of 
3 mm needs to be milled from the distal femoral 
condyle to make both gaps equal. The 3  mm 
spigot is then placed in the larger 6  mm hole, 
and additional 3 mm of bone is milled. A small 
collar of bone around the 6 mm spigot hole is 
removed. The anti-impingement guide is then 
placed on the femur, and the anterior bone is 
removed to create small space in front of the 
prosthesis. The anti- impingement guide has a 
posterior slot through which a curved chisel is 
inserted, and posterior osteophytes are excised. 
The anti-impingement guide is then removed, 
and excised osteophytes are nibbled off. The 
trial tibial template is then inserted along with 
twin peg trial femoral component, and the trial 
bearing of appropriate thickness is pushed in at 
about 45° of flexion (Fig. 7.4). The knee is then 
put through the range of motion and any bearing 
impingement in full flexion or full extension is 
assessed. Once satisfactory range of motion and 
stability is observed, final tibial component 
preparation is done. The trial tibial base plate is 
placed on the cut surface, and posterior over-
hang is prevented using 90° probe over the plate 

Fig. 7.3 Linking device links intramedullary rod to the 
femoral drill guide Fig. 7.4 Trial components in place
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onto the posterior edge of tibial cortex. The 
baseplate is fixed in place with a pin. A special 
toothbrush saw blade is used on reciprocating 
saw and the vertical slot is created. It is impor-
tant not to damage the posterior cortex of tibia. 
The bony surfaces and surgical field are cleared 
of bone debris using pulsatile lavage. The poste-
rior capsule and the bed of medial meniscus is 
then infiltrated with local anaesthetic cocktail.

7.4.5  Cementation of Components

A single mix of 20  gm high viscosity methyl- 
methacrylate bone cement is adequate to implant 
both components in. However, in the learning 
curve, one may use two separate batches of 
cement for each component. Tibial component is 
cemented first. A small, thin wet gauze may be 
placed behind and around the cut tibial surface to 
facilitate the removal of excess cement that 
extrudes after pressurization. After the cement is 
handleable, at about 3  min after mixing, a flat 
osteotome is used to spread a thin layer of cement 
on the tibial surface. Uniform thin layer of cement 
is also spread on the under surface of the tibial 
component and it is then slid in place. It is useful 
to pressurize the back of the tibial component 
first and using the plastic-tipped C handle, the 
tibial component is tapped in place, posterior to 
anterior. Any cement that extrudes out is care-
fully removed with Woodson’s angled probe. The 
wet gauze piece is pulled out along with any pos-
terior extruded cement. The probe is run over the 
posterior aspect of tibial component to remove 
any extruded cement. Next, the femoral surface is 
dried and small amount of cement is pressurized 
in the cancellous cut surface and fixation holes. 
Small amount of cement is also applied on the 
back of the femoral component. With knee in 90° 
of flexion, the femoral component is tapped in 
place.

All extruded cement is carefully removed. The 
final poly component is pushed in place at 45° of 
flexion. The position is maintained till cement 
sets. All the soft tissue layers are then infiltrated 
with local anaesthetic cocktail solution. The clo-
sure is done in layers.

7.5  Post-operative X-Rays

Standard AP and lateral X-rays (Fig. 7.5) are ade-
quate to judge the following:

 1. Tibial component: adequate lateralization, no 
medial overhang, posterior slope, excess 
cement.

 2. Femoral component: mediolateral position, 
angle with the tibial base plate, posterior over-
hang, alignment with long axis of femur in 
lateral view.

 3. Poly bearing (seen as metal marker): position 
on the tibial component, possibility of 
impingement.

 4. Overall alignment of the knee.

7.6  Rehabilitation

The patient can be made to stand as soon as the 
effect of anaesthetics is over and active quadri-
ceps control is possible. It is important to rapidly 
mobilize the patient, taking advantage of the 
minimally invasive technique and the local anaes-
thetic infiltration. Usually, aggressive physiother-
apy is not required following unicondylar 
arthroplasty, and patients can gradually increase 
the range of motion and activities as pain settles 
down.

7.7  Complications of Mobile 
Bearing Unicondylar 
Arthroplasty

Reported revision rates for unicompartmental 
arthroplasty are higher because surgeons can 
offer revision surgery as an option for any prob-
lem following UKA.  The important complica-
tions are as follows:

 1. Dislocation of Poly Bearing (Fig.  7.6): Any 
abnormal laxity of medial collateral ligament 
and/or impingement of poly can lead to poly 
bearing dislocation. Failure to remove poste-
rior femoral osteophytes leading to impinge-
ment of poly, inequality of spaces in 100° and 
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20° flexion, malpositioning of femoral com-
ponent, too thin bearing for the space, and 
retained cement are all potential causes. 

Reduction of the dislocated poly bearing in 
position may be possible, otherwise open 
reduction and possibly thicker poly bearing 
may solve the issue. Else, revision to total 
knee arthroplasty may be required.

 2. Fracture of Medial Tibial Plateau: The medial 
tibial metaphysis is relatively weak area. The 
tibial pins used for fixation of the cutting jig 
can be the stress risers. It is therefore recom-
mended to use only single lateral pin for the 
tibial jig fixation. Secondly, the tibial base 
plate should be placed as lateral as possible, 
just next to the fibres of anterior cruciate liga-
ment. If the vertical tibial cut is taken even a 
few mm medially, the area of the tibial base 
plate is significantly reduced, leading to 
excessive loading of weak bone and therefore 
may lead to fracture. Thirdly, the vertical cut 
should not be excessively deep, as it leads to 
weakening of bone and predisposes to frac-
ture. The fixation of the fracture with buttress 
plate is usually not successful, and complete 
revision is required (Fig. 7.7).

Fig. 7.5 Post-operative X-rays

Fig. 7.6 Dislocated poly bearing
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 3. Rapid Progression of Lateral Compartment 
Arthritis: The end point of successful medial 
UKA should not lead to mechanical axis to 
pass lateral to the centre of the knee. Any val-
gus placement of components leads to early 
failure due to the progression of lateral com-
partment arthritis [8].

 4. Aseptic Loosening of Components: Any com-
ponent malposition or impingement is likely 
to lead to early failure. Delayed aseptic loos-
ening can be due to polyethylene wear.

7.8  Results of Mobile Bearing 
Unicondylar Knee 
Arthroplasty

All registries world over have shown higher revi-
sion rates for UKA compared to TKA and it may 
be construed that UKAs have poorer outcomes 
compared to TKA. However, this is not a correct 
measure of relative success as surgeon’s thresh-
old to offer revision surgery for UKA is much 
lower than TKA.

Liddle et al. conducted matched case analysis 
in which 25,334 UKAs were matched with 75,996 
TKAs [9]. They found that UKAs had superior 
outcome in terms of length of stay, readmission 
rates, intra-operative complications, transfusion 
rates, infection rates and mortality. Several studies 
have reported more than 90% survival rates for 
Oxford Phase 3 UKA at 10 years [10–12].

Mohammad et al., in 2018, reported system-
atic review of Phase 3 Oxford UKA long-term 
outcomes in more than 8000 knees. They reported 
10 year survival of 93% and 15 year survival of 
89% by both designer and non-designer surgeons 
[13]. The patient reported outcomes (PROMS), 
medical complication rate and non-revision re- 
operation rate were better than those reported for 
TKAs, but revision rates were higher.

7.9  Summary

Mobile-bearing unicondylar knee arthroplasty is 
a successful treatment for isolated anteromedial 
compartment osteoarthritis. The results can be 
improved by careful selection of patients and fol-
lowing a meticulous surgical technique. To obtain 
best results, the procedure should be performed 
by surgeons who have obtained proper training 
and are performing the procedure in large 
numbers.
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Fixed Bearing Unicondylar Knee 
Arthroplasty
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8.1  Introduction

Unicompartmental arthritis occurs due to malalign-
ment leading to damage to articular cartilage, 
exposing the bone beneath the cartilage [1]. 
Unicondylar knee arthroplasty (UKA) is an alter-
native to TKA in isolated femorotibial osteoarthri-
tis (OA), commonly the medial compartment. 
UKA is a joint resurfacing procedure in which the 
affected degenerative compartment is treated with 
prosthesis along with preserving the non-affected 
compartment. Restoration of natural knee kinemat-
ics after UKA results in better functional outcomes. 
Being a less invasive procedure, it provides faster 
recovery with better preservation of bone stock 
along with greater range of motion (ROM), 
decreased blood loss, decreased peri-operative 
morbidity, ‘feel’ of a forgotten joint (due to pre-
served proprioceptive function of cruciates) and 
reduced length of hospital stay [2, 3]. Although 
previously published literature [4] has shown less 
favourable outcomes of UKA (subsidence, loosen-
ing, high wear and progression of arthritis of 
remaining compartments) but advances in surgical 
technique like minimally invasive approach, instru-

mentation, material and implant designs have led to 
resurgence of performing this technique again [5].

The current implant bearing designs of knee 
prostheses used in UKA are of two types—Fixed 
bearing (FB) and Mobile bearing (MB). The 
fixed bearing design, has an anatomic femoral 
component. The polyethylene insert is flat, non- 
congruent and fixed to the tibial baseplate, which 
permits normal knee kinematics.

A mobile bearing implant MB-UKA consists 
of a single-radius femoral component articulating 
with a congruous mobile polyethylene insert on a 
polished tibial component [6].

Many studies and evidence-based reviews on 
clinical differences between fixed- and mobile 
bearing UKAs have been conducted in past few 
years [7, 8]. However, the debate of better clini-
cal and radiological outcomes amongst both the 
fundamentally different bearing designs contin-
ues to incite substantial controversy in the ortho-
paedic community [9, 10].

8.2  Evolution of UKA

Quality of life and survivorship following UKA 
has considerably improved since its inception 
many years ago. This can be attributed to ongoing 
improvements in designs, indications, materials 
and surgical techniques [11]. Historically, initial 
UKAs were cemented, fixed bearing and all-poly-
ethylene [12]. In the 1950s, both McKeever and 
MacIntosh introduced metallic tibial plateau pros-
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thesis. In the early 1970s, Gunston featured con-
vex femoral component articulating against flat 
metallic plateau [13]. Historically Uni prosthesis 
behaved as spacers, but now they have been 
replaced with modular prosthesis which mimic 
natural knee kinematics. Modern UKR prosthetic 
devices (‘marmor knee’) and operative techniques 
were developed by Dr. Leonard Marmor, who is 
regarded by many as godfather of modern UKA 
[14]. In 1986, Goodfellow and O’Connor 
described a mobile bearing implant design [15].

8.3  Indications

UKA has been shown to be a satisfactory and less 
invasive alternative to TKA for specific indica-
tions [16]. Patient selection in terms of correct 
indications, isolated compartment pain and ‘bone 
on bone’ on weight bearing knee radiographs is a 
prerequisite for good outcomes and patient satis-
faction. Surgical expertise translates into excel-
lent functional outcomes in the long run.

• Age > 60 years (can be done even in younger 
patients)

• Weight < 82 kg
• Low level of activity
• Minimal rest pain
• ROM—minimum arc of 90°
• Flexion contracture < 5°
• Correctable maximal anatomical coronal 

deformity of 10° varus or 15° valgus
• Competence of both cruciates and collateral 

ligaments

Contraindications

• Obesity
• High activity level
• Involvement of more than one compartment
• Flexion contracture > 10°
• Varus and valgus > 15°
• Symptomatic ACL insufficiency (Relative, 

can be done along with ACL reconstruction)
• Collateral ligament insufficiency
• PCL insufficiency

• Inflammatory diseases (e.g. rheumatoid arthri-
tis, crystalline arthropathy)

• Chondrocalcinosis (with repeated effusion)

8.4  Preoperative Assessment 
and Planning

A detailed clinical history and physical examina-
tion should be carried out for every patient. 
Weight bearing anteroposterior, lateral and val-
gus stress radiographic views of the knees 
(Fig.  8.1a, b) should be obtained to know the 
extent of the disease. After making a conclusive 
diagnosis, patient counselling should be done, 
explaining the pros and cons of the procedure.

8.5  Surgical Approach

8.5.1  Incision and Exposure

After regional or general anaesthesia, under tour-
niquet, a skin incision starting from the inferior 
and medial border of patella is extended longitu-
dinally downwards to end at the medial upper 
border of tibia. A minimally invasive medial 
parapatellar arthrotomy is done in order to obtain 
adequate exposure to the medial compartment of 
the knee. Subperiosteal exposure of the antero- 
medial proximal aspect of the tibia is carried out, 
and marginal osteophytes abutting the collateral 
ligaments should be completely removed 
(Fig.  8.2a). Opposite tibio-femoral and patello-
femoral compartments are visualized and 
assessed for any articular cartilage erosions. The 
integrity of ACL is checked with a probe.

8.5.2  Proximal Tibial Resection

It is done in 2 steps (1) vertical (sagittal) and (2) 
horizontal (axial) cuts. Sagittal cut is performed 
using a reciprocating saw. It is done first to avoid 
undermining of the ACL insertion. The extra-
medullary tibial alignment guide is fixed to the 
proximal tibia using pins parallel to the anterior 
tibial crest and slightly medial (2–4 mm) to the 
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centre of ankle joint. Using this guide horizontal 
cut is made with oscillating saw perpendicular to 
the longitudinal axis of the tibia, restoring the 
natural slope of the tibia (Fig.  8.2b). After the 
proximal tibial cut, flexion and extension gaps 
are assessed using spacers.

8.5.3  Distal Femoral Resection

This is performed with the knee in full extension 
and using a metal spacer cutting block with the 
knee in full extension to fill up the extension gap 
after tibial resection (Fig. 8.3a). Now, with knee 

a b

Fig. 8.1 Weight bearing radiographs of bilateral knees of 
a 51-year-old female with medial compartment OA (a) 
Anteroposterior view shows the bone on bone medial 

compartment osteoarthritis and Lateral views shows no 
patellofemoral arthritis (b) Valgus stress views showing 
opening of joint space

a b c

Fig. 8.2 (a) Exposure using medial parapatellar 
approach. (b) Surgical step showing horizontal tibial cut 
using extramedullary tibial alignment jig. (c) Image after 

performing the tibial cut and removing a biscuit of bone 
from proximal medial tibia
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in 90° flexion, femoral jig is placed against the 
femur. After obtaining the correct kinematic 
alignment, the femoral jig is stabilized with the 
pins and two peg holes are made. Then, posterior 
femoral condyle and chamfer cuts are performed 
(Fig.  8.3b, c). Flexion and extension gaps and 
alignment are assessed. Implant trial is done with 
an appropriate thickness spacer so that the joint is 
not over stuffed.

8.5.4  Tibia Preparation 
and Implantation

Tibial size is calculated using the probe available 
for measurement. It is important to ensure that 
there is no overhang of the prosthesis. Final prep-
aration of tibia done for placement of keel slot 
and peg holes (Fig. 8.4).

Tibial component is cemented first, fol-
lowed by the femoral component. It is prudent 
to use a trial spacer initially till the cement 
sets. This allows the removal of excess cement 
posteriorly and medially and helps in final 
assessment of joint gap. Finally an appropriate 
size and thickness fixed bearing polyethylene 
insert is placed (Fig. 8.5). Knee is checked for 
stability throughout the range of motion and 
wound lavage is done followed by closure in 
layers.

a b c

Fig. 8.3 (a) Distal femur cut being performed with the 
leg in extension and using a distal femur cutting block. (b) 
Posterior femoral condyle and chamfer cuts being per-

formed. (c) Steps showing femoral cut using jig and femo-
ral preparation

Fig. 8.4 Final tibial preparation

Fig. 8.5 Final implantation of components after cementing
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8.6  Discussion

Metal-backed fixed bearing UKA has shown 
excellent survival [17, 18]. It is technically easy 
to perform and the tibial tray has shown even 
load distribution. The modular poly insert can be 
easily revised and allows a titrated gap balancing. 
The only drawback is that more bone needs to be 
removed to prepare the tibial component as com-
pared to an all poly tibial tray. Fixed bearing 
UKA have shown improved outcomes with lesser 
complications at 5  years follow-up [19, 20]. 
Complications such as medial collateral and 

anterior cruciate rupture are less commonly seen 
as a mechanism of failure in fixed bearing UKA 
[21]. Fixed bearing UKA has also been shown to 
prevent overcorrection of the varus, thereby 
reducing the chances of opposite compartment 
OA [22].

In a kinematic analysis comparing conform-
ing mobile bearing UKA with fixed bearing 
UKA, highly cross-linked polyethylene has 
shown improved wear characteristics [23]. 
Mobile bearing inserts in UKA have been shown 
to produce enhanced polyethylene particles with 
the resultant progression of osteoarthritis in the 

e

a b c

d f

Fig. 8.6 (a) Preoperative Anteroposterior (AP) radio-
graphs showing medial compartment ‘bone on bone wear’ 
and lateral radiographs showing normal patellofemoral 
joint. (b) Fixed bearing tibial and oxinium femoral com-

ponent. (c) Final implantation of components, (d) 
Postoperative AP and lateral radiographs, (e and f) 
Postoperative function, i.e. Knee flexion and extension, 
respectively
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opposite compartment [24]. Although in  vitro 
wear analysis has shown increased delamination 
and surface deformation with the use of fixed 
bearing inserts in UKA, Manson et  al. have 
reported better outcomes using the fixed bearing 
inserts in comparison to the mobile bearing [25]. 
Mobile bearing inserts, on the other hand, have 
shown to improve functional outcomes by 
improving the congruity, thereby reducing wear, 
and improving knee kinematics, whereas other 
studies refute such claims [26].

Bloom et al. reported that revision surgery was 
complex when a mobile bearing UKA was used, 
with 46.7% of revisions requiring a tibial augment 
as compared to only 11.1% in fixed bearing UKA 
[27]. When used for a lateral UKA, revision rates 
of up to four times have been reported with mobile 
inserts [28]. This has been attributed to faulty 
technique and surgeon expertise [29]. The debate 
whether the FB-UKA is better than MB-UKA is 
unending, results point to an overall acceptance 
and improved results of FB-UKA.

8.7  Case Illustration

A 55-year-old average build (BMI-27  kg/m2) 
female presented with right knee pain that was 
not relieved with conservative means. On exami-
nation medial knee joint line tenderness was 
present, with affected knee having 0°–115° active 
range of motion. She underwent UKA with fixed 
bearing implant on the right side (Fig. 8.6).

8.8  Summary

• UKA has evolved as treatment of choice for 
unicompartmental arthritis in middle aged and 
elderly patients.

• Bearing modularity, i.e. Fixed and mobile has 
continued to incite debates over superiority of 
one design over the other, both work well and 
is dependent on surgeon expertise.

• Fixed bearing fundamental design in UKA 
offers excellent survivorship along with a 
shorter learning curve and is technically easier 
to perform.

• Fixed bearing UKA has lesser rate of compli-
cations and fewer reoperation rates in com-
parison to mobile bearing design.

• Proper patient selection and a meticulous sur-
gical technique are the key to a successful 
long-term outcome.
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Knee Arthroplasty
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9.1  Introduction

Total Knee Arthroplasty (TKA) is one the most 
commonly performed elective orthopedic proce-
dures worldwide. With advances in material tech-
nology and implant design, more than 90% of 
patients are reporting good to excellent outcomes. 
The long-term survivorship of a well-executed 
TKA is 99%, as reported in high-quality long- 
term literature. Despite advances in implant 
materials and designs, the optimal restoration of 
the native knee kinematics is down to surgical 
technique. Complication rates after TKA vary 
between 0.5% and 2% which include component 
malalignment, infections, aseptic loosening, and 
instability.

Radiological evaluation is vital in the immedi-
ate post-operative period and during follow-up to 
assess the adequacy of the procedure and to diag-
nose complications. The immediate post- 
operative radiological evaluation focuses mainly 
on the assessment of limb alignment, component 
positioning, adequacy of cementation of the com-
ponents, joint-line restoration, and maintenance 
of the extensor mechanism relationship (Patellar 
height).

Radiological evaluation on follow-up focuses 
on diagnosis of complications and to correlate 

the investigators’ clinical findings. Diagnostic 
imaging plays a vital role in the diagnosis and 
management of complications after TKA.

9.2  Radiological Modalities

Several radiological assessment modalities are 
available in the arsenal of today’s arthroplasty 
surgeons to evaluate the TKA.  These are listed 
below:

 1. Plain or Conventional Radiography (X-Rays)
 2. Fluoroscopy
 3. Computed Tomography (CT Scan)
 4. Magnetic Resonance Imaging (MRI)
 5. Radio-Stereographic Analysis (RSA)
 6. Scintigraphy or Radio-isotope scanning
 7. Ultra-sonography (USG)

Plain radiography is often adequate to make 
most diagnoses with good clinical correlation. 
The commonest modes of failure of TKA—infec-
tion, aseptic loosening, component coronal, or 
sagittal malalignment can be identified easily on 
plain radiographs. However, sometimes with 
short follow-up or unequivocal plain films, the 
surgeon must rely on other investigations to reach 
a diagnosis. Computed Tomography (CT) scan-
ning can help identify minor fractures, loosening 
and for characterization of bone defects. Soft- 
tissue complications like bursitis, tendinitis, local 
soft-tissue reactions/metallosis, etc. can be accu-
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rately determined by MRI.  These higher radio-
logical modalities have their limitations; however, 
with metal artifacts, radiation risks, and often a 
cost implication to the patients.

We will discuss each radiological modality in 
detail in the coming sections, touching upon the 
common uses of each one and a review of the 
indications, advantages, and limitations of each 
radiological modality in brief.

9.3  Conventional or Plain 
Radiography

Plain radiography (X-Rays) is the most com-
monly used radiological modality in the evalua-
tion of TKA.  Advantages of plain radiography 
include the low cost, limited and mild radiation 
risk, ease of access, and the very short time 
needed to generate films. However, plain films do 
have some limitations as they assess the TKA in 
only two planes, the coronal and sagittal, not pro-
viding information on component positioning in 
the axial plane. These are two-dimensional 
assessments. Moreover, soft tissue complications 
cannot be diagnosed with plain radiographs.

Plain radiographs are the First-Line radiologi-
cal modality used by orthopedic surgeons in the 
peri-operative period- for pre-operative planning 
and assessment and for immediate post-operative 
evaluation of the surgery. The evaluation of the 
TKA includes X-rays in the Antero-Posterior 
(AP) and Lateral views. Additional views like the 
Merchant view or the Patellar Skyline views are 
used infrequently to look for specific parameters 
like patellar maltracking, patellar tilt, etc.

The information a surgeon can glean from 
plain films significantly depends on several 
factors:

 (a) The adequacy of the films: This includes ade-
quate coverage of the implant and bone prox-
imal and distal to the knee joint.

 (b) Positioning of the limb: The perfect AP and 
lateral views are highly anticipated by arthro-
plasty surgeons after surgery. One cannot 
comment on the alignment, component posi-
tioning without the ideal AP/Lateral view.

 (c) Weight-bearing status: Alignment of compo-
nents and knee or lower limb can and should 
ideally be evaluated only with weight- 
bearing radiographs. Several studies have 
shown variation in the limb alignment 
between supine and standing position, with 
the standing or weight-bearing radiographs a 
more accurate representation of the true 
alignment.

9.3.1  How to Obtain the Ideal AP 
and Lateral X-Rays After TKA

Patient positioning is vital to obtain good quality 
radiographs, to ensure accurate assessment in the 
coronal and sagittal planes. In the AP View, mal- 
rotation of the limb can produce “False coronal 
mal-alignment.” Studies have shown that 
increased external rotation of the limb increases 
the varus-angle and internal rotation shows as 
increased valgus-angle of the knee. These varia-
tions are higher if the knee is incompletely 
extended.

9.3.1.1  Proper Patient-Positioning 
for AP View of the Knee Joint

The knee must be fully extended, with the tibial 
tuberosity and patella facing forward or up to the 
roof (in case of supine films). To avoid mal- 
rotation of the limb, one should aim to keep the 
foot neutral and the second metatarsal perpen-
dicular to the X-RAY Cassette. The X-ray beam 
should be centered over the knee joint. In full- 
length standing films or scanogram, ideal cassette 
dimensions must be used (129  ×  36  cm OR 
14 × 151 inches for conventional long films). In 
digital radiology, images are obtained at three 
different levels, using three different films, 
5 × 43 cm each (14 × 17 inches). The X-ray beam 
source should be at a distance of 8-ft or 240 cm 
[1].

9.3.1.2  Patient Positioning for Lateral 
View of the Knee Joint

The precise positioning of the patient is crucial 
for obtaining the radiological image in sagittal 
plane. This image can be obtained with or with-
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out weight bearing of the lower limb. The knee is 
flexed at 30°, with the patella perpendicular to the 
cassette and with the lower limb parallel to the 
radiological table. The contralateral limb is posi-
tioned in a slightly posterior rotation, allowing 
enough lateral space for the affected knee. For 
the lateral weight-bearing radiography, the knee 
is flexed at 30° and the contralateral lower limb is 
positioned posterior, with the patient in a semi- 
flexed knee position. The knee flexion can be 
maintained with a 30° fixed angle foam board or 
sandbags. The X-ray beam center to the knee 
joint 1.5–2.0 cm distal to the apex of the patella 
or at the tibial tuberosity if the patella is affected 
by certain injury patterns. After a good position-
ing of the knee on the sagittal plane, the condyles 
will appear overlapped.

9.3.1.3  How Should Ideal Post- 
operative X-Rays Look?

As described briefly above, in the AP view, the 
anterior and posterior aspect of the femoral con-
dyles will be coinciding perfectly without any 
rotation. In rotated films, the posterior condylar 
extension of the femoral component is visible. In 
cases with a Posterior-stabilized design, the box 
must be visualized well, without asymmetry. On 
the lateral view, rotation is easier to assess- using 
the femoral component as a reference. In 
cruciate- retaining (CR) implants, the medial and 
lateral “pegs” of the prosthesis should be per-
fectly coinciding, as shown in Fig. 9.1a. In the 

case of posterior- stabilized (PS) components, 
the medial and lateral margins of the box should 
coincide as shown in Fig. 9.1b. With the X-ray 
beam centered over the joint-line, it is possible 
to visualize the insert with optimal space or 
thickness and should be symmetrical in the AP 
view (Fig. 9.1a, b).

Meneghini et al. published the Modern Knee 
Society radiographic evaluation system and 
methodology, with clear guidelines on how to 
obtain the optimal radiological views after 
TKA [2].

9.3.2  What to Look for in Post- 
operative Radiographs?

Plain radiography is an essential tool to evaluate 
a TKA both in the immediate post-operative and 
follow-up period. In the immediate post- operative 
films, surgeons can assess or evaluate the surgery 
done. However, it is important that the evaluation 
of post-operative radiographs should follow a 
standardized protocol, to ensure uniformity in 
radiological reporting or evaluation. The most 
commonly used system is the “Modern Knee 
Society Radiographic Evaluation System and 
Methodology for Total Knee Arthroplasty” pub-
lished by senior knee arthroplasty surgeons from 
the American Knee Society [2]. This comprehen-
sive evaluation system applies to both primary 
and revision TKA.

ba

Fig. 9.1 Ideal AP and Lateral radiographs: (a) 
Cruciate  -Retaining design in which the “pegs” of the 
femoral component are coinciding in the lateral view, and 
the tibial keel is not appearing rotated; (b) Posterior-

stabilized design, showing the femoral cam and insert 
symmetrical in the AP view and overlap/ coinciding of the 
cam- margins on the lateral view
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The radiological evaluation “metrics” in this 
system mainly encompass the following:

 (a) Alignment or Component Positioning: 
Guidelines or methodology for evaluation of 
the sagittal and coronal positioning of the 
femoral and tibial components. Rotational 
positioning of implants cannot be evaluated 
by plain radiography, rather only by 
Computed Tomography (protocol of which is 
described later in the chapter). Coronal align-
ment of the limb after TKA is best assessed 
with long-films or full-length scanogram. 
The overall limb alignment is assessed by 
measuring the Hip-Knee-Ankle (HKA) 
angle. The coronal alignment of the femoral 
and tibial components can be individually 
assessed on the ideal AP radiograph, on 
short-films as shown in the illustrations by 
Meneghini et  al. [2], by the Knee Society 
evaluation system (Fig. 9.2). Angles can be 
calculated manually or using software tools 

on the PACS system or using mobile applica-
tions (Fig.  9.3). The sagittal assessment of 
femoral component flexion and tibial slope 
are assessed on the lateral radiographs as 
illustrated.

 (b) Implant Fixation Interface: In the immediate 
postoperative radiograph, it is essential to 
evaluate the adequacy of component cement-
ing, in all the zones described in this method-
ology. In the radiological evaluation of a 
follow-up case, the implant fixation interface 
is evaluated zone-wise to describe osteolysis 
or radiolucent lines to describe loosening 
due to aseptic or septic etiology. In follow-up 
cases with suspicion of implant loosening, it 
is ideal to obtain serial radiographs.

 (c) Implant Zonal Classification: The new Knee 
Society classification system has described 
the zone-wise classification of the femoral 
and tibial implants after primary TKA, 
including definition of zones around exten-
sion stems used in revision TKA (Fig. 9.4).

9.3.3  Long-Knee Films Versus 
Short-Knee Radiographs 
for Assessment of Alignment 
After TKA

We have discussed the measurement of angles 
on short radiographs for evaluation and report-
ing of “component” positioning or alignment 
after TKA. Another important assessment both 
in the immediate postoperative period and on 
long-term follow-up is the evaluation of overall 
“limb” alignment. Limb alignment is assessed 
most commonly on scanograms, which are 
essentially full-length plain radiographs of the 
lower limbs. The original positioning and cas-
sette requirements for long-leg scanograms 
were covered earlier in this chapter (Ref Sect. 
2.1, Patient positioning for AP view of the knee 
joint). Nowadays, the process is much simpli-
fied, with the development of digital scano-
grams. Three separate radiographs of the hip, 
knee, and ankle are taken and stitched together 
using radiology software to generate a long-leg 
film.

a b

Fig. 9.2 Diagram depicting measurement of A—Coronal 
alignment of the femoral and tibial components (“a” is 
the femoral component angle, “b” is the tibial component 
angle) and B—Sagittal alignment of components (“c” is 
the femoral component flexion, “d” is the tibial compo-
nent slope angle). All angles can be measured on short 
radiographs of the knee joint. [Knee Society Radiographic 
Assessment, Meneghini et al.]
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Limb alignment can be assessed by the mea-
surement of:

 (a) The Hip-Knee-Ankle (HKA) Angle on the 
long-leg films

 (b) The Femoro-Tibial Angle (FTA) on short- 
knee films

The HKA and FTA angles are measured and 
illustrated in Figs. 9.5 and 9.6, respectively.

It should be noted by the reader, that these 
measurements are fundamentally different. The 
HKA angle is the angle between the “mechani-
cal” axes of the femur and tibia on the long-film. 
Whereas, the FTA is the angle between the 
femoro- tibial “anatomical” axes [7]. Varus or 
valgus are indicated as a value less than or more 
than zero. However, this is still an unresolved 
debate, with the final choice down to the surgeon 
or assessor. By tradition, post-operative align-

ment is best assessed on weight-bearing long-leg 
radiographs, to correctly assess the hip and ankle 
centers. Mechanical axes of the femur or tibia or 
the lower limb are defined by the centers of the 
hip and ankle, as it is always ideal to mark these 
landmarks for accurate assessment of limb 
alignment.

Lack of standardization and subsequent varia-
tions in patient positioning, limb alignment may 
contribute to variable measurements. To over-
come this, CT Scanograms were developed for 
accurate measurement irrespective of the rotation 
of the lower limb. However, “weight bearing” 
status is essential as the alignment of the limb is 
dynamic and varies when the patient is standing 
versus when the patient is lying down. Gbejuade 
et al. reported their comparison of long-leg x-rays 
and CT scanograms [11]. They found compara-
ble measurements in normal or non-arthritic 
knees but found weight-bearing long-films more 

Fig. 9.3 Component alignment angles can easily be measured on plain radiographs using PACS systems or even on 
mobile applications
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accurate in the assessment of limb alignment in 
mal-aligned knees.

9.3.4  Evaluation of the Patella 
After TKA

Radiological assessment of plain radiographs 
after TKA is incomplete without a comment on 
the patello-femoral relationship. The patello- 
femoral joint can be evaluated by the Merchant 
view after surgery. Angles like the patello- 
femoral congruence angle and patellar-tilt can be 
measured in this view, as illustrated in Fig. 9.7.

An important goal of total knee replacement is 
the restoration of the joint line and subsequently 
optimal patello-femoral kinematics. With gross 

variations in joint line, the patellar relationship or 
the extensor mechanism as a whole, are affected. 
Lee and Insall studied the factors affecting patel-
lofemoral tracking and found that patellar-height 
alterations can adversely affect the kinematics of 
the knee, leading to poor outcomes. In their study, 
they defined Patella Infera as a decrease in the 
length of the patellar tendon by 10% of the pre- 
operative length, which can result in reduced 
ROM and component impingement. Patellar 
height is an important parameter to assess in the 
pre-operative and post-operative periods.

Patellar height is assessed in the lateral plain 
radiograph of the knee, which should be ideally 
obtained as described earlier in the chapter. The 
patella height is described by a ratio between the 
length of the patellar tendon and the diagonal 

Fig. 9.4 Zonal classification around total knee arthro-
plasty implants to assess the bone-implant interface. 
Based on classification system of the Knee Society. 

Meneghini et al., Development of a Modern Knee Society 
Radiographic Evaluation System and Methodology for 
Total Knee Arthroplasty
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length of the patella. Slight variations to the 
above measurement have been put forth for this 
assessment, which is commonly used in cases of 
patellar instability or habitual dislocation.

Most commonly used measurements include:

 (a) Insall-Salvati Ratio [12]—Calculated by 
dividing the length of the patellar tendon by 
the diagonal length of the patella. This is the 
most commonly used method as it is not 
influenced by the size of the knee, radiologi-
cal magnification or by the position of the 
knee. This was further modified by Grelsamer 
and Meadows into the Modified  Insall- Salvati 
ratio [13]. The Insall-Salvati ratio is depicted 
in Fig. 9.8.

 (b) The Blackburne- Peel index [14]
 (c) The Caton- Deschamps ratio [15]

Cabral et  al. [16] published a report on the 
comparison of the three above-mentioned meth-
ods of patellar height calculation. There was no 
significant difference between the methods and 
all were found to be reliable with comparable 
inter-observer and intra-observer variabilities.

The assessment of the patello-femoral articu-
lation after TKA, is incomplete without a “sky-
line” or “Sunrise” view of the knee (Fig. 9.9). As 

Fig. 9.5 Long-leg scanogram with the HKA angle mea-
sured between the mechanical axes of the femur and tibia, 
on follow-up after bilateral TKA

Fig. 9.6 Short-knee film with the FTA Angle measured 
between the anatomical axes of the femur and tibia. Some 
studies have evaluated differences in accuracy between 
the use of long versus short films OR HKA versus FTA, in 
the assessment of postoperative limb alignment. Some 
studies found both short and long films to be comparable 
[2–6]. Whereas some studies have found long-films and 
HKA measurements to be more accurate compared to 
short films [7–10]
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described above, in the KSS radiological assess-
ment system, in this view one can appreciate the 
position of the patella within the trochlea of the 
implant, assess the patellar tilt and diagnose com-
plications such as patella subluxation or disloca-
tion (Fig. 9.10a, b).

9.3.5  Assessment of the Joint Line

Joint line restoration is an important goal in total 
knee arthroplasty. It influences both patellofemo-
ral kinematics and the ultimate range of motion. 
The “Height of the joint line” is defined as “the 
perpendicular distance from the superior margin 
of the tibial tubercle to the weight-bearing paral-
lel surface of the tibial plateau or components as 
measured on a lateral plain radiograph.” 
Variations in the joint line can be commented 
only by a comparison of pre-operative and post- 
operative radiographs. The restoration of joint 
line is ideally assessed based on intra-operative 
bony landmarks and absolute measurements. 
This includes measurement of the distance 
between fixed bony landmarks- the femoral epi-
condyles, tibial tuberosity, tip of the fibular head 

(seldom used), and the femoro-tibial articulation. 
In the revision scenario, the adductor tubercle is 
the next reliable fixed bony landmark to use as a 
reference for the restoration of the joint line.

Radiological measurements have been pro-
posed by several centers but the accuracy and 
reliability of these measurements is doubtful. 
There is wide variation between surgeons in the 
radiological methods or measurements used to 
define the femoro-tibial joint line after TKA.

Common methods include measurement from 
landmarks to the joint line [17] (JL, a line drawn 
tangential to the distal femoral condyles in the 
AP radiograph):

 (a) From the sulcus of the medial epicondyle to 
the JL

 (b) From the prominence of the lateral epicon-
dyle to the JL

 (c) From the adductor tubercle to the JL
 (d) From the tip of the fibular head to the JL
 (e) From the upper border of the tibial tubercle 

to the JL

It should be noted by our readers, that these 
methods are subject to magnification errors and 

a

a

c b

b

c

a

Patellar axis

b Anterior limits of femoral
component condyles

c Patellar tilt angle

a Line through deepest
part of trochlear groove

b Center of patella

c Patellar displacement

Fig. 9.7 Modified Knee Society Radiological Evaluation 
system; Assessment of the patellar-tilt and Displacement. 
(A) Patellar-tilt angle is the angle subtended by a line tan-
gential to the anterior femoral condyles and a line through 
the center of the patella along its coronal axis; (B) Patellar 

displacement is the distance between a line drawn through 
the center of the femoral component trochlea and a line 
through the center of the patella on the Merchant view. 
[Meneghini et al.]
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gender-based variations. Authors of many studies 
have found consistent linear relationships in 
these measurements and have suggested multipli-
cation factors to arrive at accurate values based 
on magnification and gender. This is beyond the 
scope of this chapter, and readers are encouraged 
to pursue the references provided to come to a 
clear understanding [18, 19].

9.3.6  Assessment of Component 
Sizing

Component sizing can influence outcomes after 
TKA.  An oversized femoral component can 
result in overstuffing of the anterior compart-

Fig. 9.8 Measurement of the Insall-Salvati ratio on the 
post-operative radiograph after TKA. Line a—Length of 
the patellar tendon, Line b—Diagonal length of the 
patella. These measurements are made on the lateral 
radiograph of the knee. The I-S Ratio is calculated by 
dividing patellar-ligament length (a) by diagonal length of 
the patella (b)

Fig. 9.9 Skyline view of a patient who underwent bilat-
eral TKA, showing a normal patello-femoral orientation

a b

Fig. 9.10 Skyline views of the knee joint after TKA, showing (a) Patella dislocation and (b) Patella subluxation
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ment, leading to anterior knee pain. An under-
sized femoral component can either result in an 
increased flexion gap (common in anterior refer-
encing systems) or can result in notching of the 
anterior femur (common in posterior referencing 
systems). Medio-lateral overhang of the femoral 
or tibial components is easy to interpret from the 
ideal AP views of the TKA. A surrogate measure-
ment for femoral component sizing is by evalua-
tion of the “Posterior Condylar Offset” or 
PCO. Restoration of the PCO is possible with the 
femoral component AP dimensions or sizing 
matching the native femoral dimensions.

Posterior condylar offset (PCO) is defined as 
the maximal dimension of posterior femoral con-
dyles, projecting beyond a line drawn tangential 
to the posterior cortex of the distal femoral shaft 
(Fig. 9.11). This is assessed in the lateral postop-
erative radiograph and can be compared to the 
pre-operative lateral radiograph to evaluate the 
restoration of the PCO. It is important to get iden-
tical lateral views with correct limb rotation and 
magnification for such measurements.

Anterior notching of the femur is classified 
according to the Tayside classification by Gujarathi 
et al. [20], to be assessed on lateral radiographs. 

The femoral cortex is divided into outer and inner 
tables. Based on the extent of notching it is graded 
as follows- Grade I: violation of the outer table of 
the anterior femoral cortex; Grade II: violation of 
the outer and the inner table of the femoral cortex; 
Grade III: violation up to 25% of the medullary 
canal (from the inner table to the center of the 
medullary canal); Grade IV: violation up to 50% 
of the medullary canal (from the inner table to the 
center of the medullary canal). Readers are encour-
aged to study the original study and description of 
the same, which provides the necessary illustra-
tions to define the grades of femoral notching.

9.4  Fluoroscopy

Fluoroscopy is an X-ray-based imaging modality, 
commonly used in trauma surgery. It is done using 
the well-known C-Arm, also known as an Image-
Intensifier. Fluoroscopy is used as a dynamic 
imaging tool, allowing the arthroplasty surgeon to 
evaluate the TKA, mainly for complications like 
instability (Fig. 9.12). Advantages of fluoroscopy 
are that it is relatively inexpensive and commonly 
available and it can be used to guide joint aspira-
tion. Disadvantages include the increased radia-
tion dose with dynamic imaging, inability to 
diagnose soft-tissue pathology, and usually 
requiring the patient to be transferred to the OT 
complex for imaging. Instability can be assessed 
in all planes and through the range of motion.

9.5  Computed Tomography (CT) 
Scanning

CT scanning is an important tool for radiological 
evaluation following TKA. CT scans are useful 
after primary total knee arthroplasty to evaluate 
the rotational positioning of the femoral or tibial 
components. Berger et  al. first published their 
technique for assessment of femoral component 
rotation, which is widely used now [21]. Berger’s 
original technique involves CT scanning after 
TKA, with the assessment of rotation in a single 
axial CT section through the femoral epicon-
dyles. On this CT axial slice, two lines are drawn- 

Fig. 9.11 Lateral radiograph depicting the measurement 
of the posterior condylar offset (PCO). The Green line is 
the tangent to the posterior femoral cortex; the Blue line is 
tangent to the posterior femoral condyles; the PCO is 
depicted by the Red line, which is the distance between 
the two tangents
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one line connecting the epicondyles (lateral 
epicondyle prominence and the medial sulcus), 
also referred to as the Surgical Trans-Epicondylar 
Angle (sTEA). The second line is a line drawn 
tangential to the posterior surfaces of the medial 
and lateral aspects of the femoral component, 
also known as the Posterior Condylar Axis 
(PCA). The angle between these two lines is 
defined as the prosthetic “Posterior Condylar 
Angle.” The femoral component rotation angle is 
the angle formed between the Surgical Trans- 
Epicondylar Angle (sTEA) and the Posterior 
Condylar Axis (PCA), as illustrated in Fig. 9.13.

By the above method popularized by Berger 
and Rubash, we are able to evaluate femoral 
component rotation after TKA.

In 2004, Chauhan et al. published a new com-
puted tomography protocol for measurement and 
evaluation of all component factors by CT scan. 
This work originated from the Perth Radiological 
Clinic and Hollywood Private Hospital, Perth, 
Australia, and is now commonly referred to as 
the PERTH PROTOCOL [22].

The Perth CT Protocol is a “Multi-Parameter 
Quantitative CT Assessment” of Alignment after 
TKA.  This CT protocol has some advantages 
when compared to conventional CT scanning. 
The Perth protocol follows or uses a “High-speed 
Multi-slice Helical CT” scan performed from the 
roof of the acetabulum to the dome of the talus, 
with 2.5  mm slices. The time taken for this is 
only 45 s, with a radiation dose of 2.7 mSV. The 

authors found that with a lead-shield, the radia-
tion dose was reduced to 1 mSV, which is the 
radiation equivalent of three pelvic plain radio-
graphs! This is considerably less compared to 
conventional CT protocols.

Another such rapid low-dose CT protocols for 
pre-operative planning as well as post-operative 
assessment after TKA is the Imperial CT proto-
col [23]. With CT Scan images acquired by these 

a b c

Fig. 9.12 Plain radiographs (a) can sometimes be falsely 
reassuring, especially if non-weight bearing films are 
obtained. This patient presented with instability. 

Fluoroscopy images show Medial Laxity (b) and 
Recurvatum (c). This case was successfully revised with a 
thicker polyethylene insert

Fig. 9.13 Computed tomography axial section with the 
posterior condylar line (PCA) and the surgical trans- 
epicondylar axis line (s-TEA) marked, with the femoral 
external rotation depicted by the angle between the two 
lines. The red line is parallel to the PCA, Superimposed 
near the surgical trans-epicondylar axis for ease of 
measurement
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methods, component positioning and alignment 
can be accurately assessed in all three planes.

9.5.1  Role of Computed 
Tomography in the Painful 
Total Knee Arthroplasty

CT scan has been found to be essential in the eval-
uation of the painful TKA, especially in cases of 
aseptic or septic loosening where lucencies are 
not clear on plain radiographs. CT scans are more 
sensitive in detecting bone loss and lucencies as 
compared to plain radiography. Studies have 
shown plain radiographs underestimate bone loss 
and osteolysis, detecting up to 20% less osteolytic 
lesions when compared to CT scans. Lohmann 
et al. found that this was practically important in 
the assessment of loosening around the femoral 
component, due to the complex curved design of 
the femoral component, which can overlap and 
cover areas of bone loss [24]. They concluded that 
ultimately, the size, symmetry, and extent of bone 
loss is evaluated intra- operatively after compo-
nent removal in revision surgeries.

Computed tomography does have some 
important drawbacks. CT scans have poor soft 
tissue contrast compared to MRI.  Patients are 
exposed to large doses of ionizing radiation; it is 
relatively expensive and is associated with a 
higher cost. Computed tomography is also lim-
ited by metal artifacts.

9.5.2  Metal Artifact Reduction 
in Computed Tomography

Radiological modalities like CT and MRI have 
evolved to address the most common limiting 
factor- metal artifacts. Artifacts due to computed 
tomography can be classified as patient related 
(motion, clothing, jewelry artifacts), physics- 
based (most metal artifacts due to beam harden-
ing and streaks), hardware-based, and helical/
multi-channel artifacts. The fundamental basis of 
metal artifacts is beyond the scope of this chapter. 
However, the reader is encouraged to be aware of 

the physics behind tomography and magnetic 
resonance imaging.

Recent advances in artifact reduction by CT 
scan include Metal Deletion Technique (MDT) 
and Tomosynthesis with Metal Artifact Reduction 
(TMAR). TMAR is associated with quicker 
investigation times, reduced radiation doses, and 
improved slice acquisition, with reduced metal 
artifacts. Conventional CT scans are associated 
with significantly higher radiation doses as com-
pared to tomosynthesis.

These newer imaging modalities are subject to 
the availability of the necessary hardware and 
software, which are more expensive and not fea-
sible for all medical centers.

9.5.3  Assessment of Radiolucencies 
After TKA

Radiolucent lines (RLL) are defined a lucencies at 
the cement-bone interface. RLLs have been classi-
fied into two main types. Progressive and non-pro-
gressive. Non-progressive RLL is an early 
radiological finding which is secondary to inade-
quate cementation of the components. This is usu-
ally in some zones around the component and does 
not compromise the stability of the prosthesis.

Progressive radiolucent lines, as the name 
indicates, progress secondary to underlying 
mechanism of infection or osteolysis (Figs. 9.14, 
9.15, 9.16, and 9.17). According to the Modified 
KSS TKA radiological assessment, radiolucent 
lines are classified based on size and location, 
rather than by zones (Table 9.1) [2].

As covered under the section for computed 
tomography, radiolucent lines can be evaluated 
by plain radiography or higher modalities like CT 
or MRI. Sarmah et al. reported that apart from the 
tibial side, radiolucencies are difficult to report 
using the KSS system [25]. The modified version 
has increased reliability and less inter-observer 
variability. When evaluating narrow RLL, plain 
radiographs are difficult to interpret and com-
puted tomography or MRI has much greater sen-
sitivity in the detection of lucencies. When using 
plain radiographs, the evaluation of serial radio-
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graphs is the most sensitive method to assess 
radiolucent lines. However, this is limited by the 
potential changes in X-ray views, standardiza-
tion, and magnification errors in taking 
 measurements. MRI is the most sensitive modal-
ity in the assessment of radiolucencies, as is cov-
ered in the next section of the chapter.

9.6  Magnetic Resonance 
Imaging (MRI) After Total 
Knee Arthroplasty

Like computed tomography, MRI was not used fre-
quently in the past for evaluation of the painful 
TKA, especially due to metal artifacts. However, 
with advancements in radiology and imaging tech-
nology, MRI has evolved into a useful diagnostic 
modality for complications after total joint arthro-
plasty. Recent advances have focused on the reduc-
tion of metal artifacts produced by the prosthetic 
joint material. Studies have shown that artifacts due 
to cobalt-chromium implants are more compared 
to titanium or zirconium-ceramic implants, but the 
problem of metal artifacts was still universal.

Fig. 9.14 Plain radiographs showing lucencies under the tibial component, more evident on the lateral view

Fig. 9.15 Long-term (12-years) follow-up TKA, show-
ing obvious radiolucencies under the tibial component 
(Aseptic Loosening)

9 Radiological Assessment of Total Knee Arthroplasty



106

Fig. 9.16 Plain radiograph of bilateral TKA at 14-years 
follow-up. Loosening of the femoral component is evident 
under the anterior flange, with component subsiding into 
flexion. Narrow lucencies are visible under the tibial com-

ponent. Despite a well-taken X-ray, the insert space is not 
visible on the Left side, and a differential of poly-wear 
and metallosis must be kept in mind
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9.6.1  Recent Developments 
in Magnetic Resonance 
Imaging

Newer imaging sequences have been developed 
for metal artifact reduction.

MRI-MARS: MRI with Metal-Artifact 
Reduction or Reducing Sequences have resulted 
in clearer image acquisition without the noise 
and artifacts of conventional MRI. The two main 
types of artifact-reduction are:

 1. Slice-Encoding for Metal Artifact Correction 
(SEMAC)

 2. Multi-acquisition Variable Resonance Image 
Combination (MAVRIC)

These two artifact reduction sequences sig-
nificantly reduce image distortion, allowing reli-
able evaluation of the knee after total knee 
replacement surgery. Chen et al. studied the util-
ity of these sequences in MRI-MARS in the 
evaluation after total knee arthroplasty and their 
role in the assessment of femoral component 
rotation using the CT technique described earlier 
by Berger [21, 26]. They reported significantly 
higher ease and accuracy in measuring compo-
nent alignment and better soft-tissue contrast 
compared to conventional MRI sequencing. 
Currently, MRI-MARS is reported to be the 
most sensitive test to assess radiolucent lines 
after total knee arthroplasty. Due to the limited 
availability of reduction sequences, CT contin-
ues to be the most commonly used modality to 
aid in the evaluation of complications.

The role of MRI in the assessment of osteol-
ysis is superior to CT due to its sensitivity in 
soft- tissue pathology. It is useful not only in the 
delineation of the radiolucencies associated 
with osteolysis, it can also differentiate cases 
associated with polyethylene wear-related gran-
ulomas and adverse local soft-tissue reactions 
(ALTRs). Metallosis of the knee is rare com-
pared to the hip but can be accurately evaluated 
with an MRI.

9.6.2  Merits and Demerits 
of Magnetic Resonance 
Imaging

MRI has several advantages over plain radiogra-
phy and especially CT scans. Firstly, MRI is 
based on magnetic polarization of hydrogen 
ions in the body and is not associated with ion-
izing radiation or radiation exposure as in the 
case of plain radiographs or computed tomogra-
phy. Second, MRI is the best imaging modality 
with superb soft-tissue contrast. With metal arti-

Fig. 9.17 Insert retrieval shows catastrophic wear of 
polyethylene insert leading to metallosis in the case 
shown in Fig. 9.16

Table 9.1 Modified Knee Society total knee replacement 
radiological assessment of radiolucent lines

Radiological 
view Site of RLL

Width of RLL
None
Narrow 
(<4 mm)
Wide 
(>4 mm)
Component
Femoral Sagittal Anterior and 

Posterior
Tibial Anteroposterior

Sagittal
Medial and Lateral
Anterior and 
Posterior

Patellar Sagittal and 
axial
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fact reduction, it provides information on both 
prosthesis and is very sensitive to soft tissue 
complications after TKA. Because of the good 
soft-tissue contrast, Musculo-skeletal MRI sel-
dom requires contrast injections. Third, as with 
CT, MRI can also provide 3-dimensional 
images. Limitations of MRI include the higher 
costs, metal artifacts when reduction sequences 
are unavailable, it is a time-consuming modal-
ity, and high variation in sequencing protocols 
across different centers.

9.7  Radiostereographic Analysis 
(RSA)

We have touched upon the use of plain radio-
graphs, Computed tomography, and MRI in the 
evaluation of radiolucencies after TKA.  The 
recent advances include TMAR (Tomosynthesis 
with metal artifact reduction) and MARS- 
MRI. Another imaging modality that has become 
an important tool for the evaluation of radiolu-
cencies and subsidence of prostheses, is Radio- 
Stereographic Analysis (RSA) or also known as 
Selvik Roentgen Stereophotogrammetric 
Analysis. Nilsson et al. published their findings 
on the role of RSA in assessment of early com-
ponent migration and its predictive role in loos-
ening in the long term. Component migration 
can be accurately assessed using the RSA tech-
nique [27].

9.8  Nuclear Medicine and Bone- 
Scintigraphy Scans

Bone scintigraphy scanning is indicated in the 
evaluation of prosthesis loosening, which may be 
aseptic or secondary to infection. Bone scans are 
more sensitive than plain radiographs in detec-
tion of pathology, however, they have poor speci-
ficity. With recent developments such as 
cell-labeling techniques, the specificity of bone 
scans has improved significantly. Bone scans are 
performed using Technetium (Tc) 99 m-labeled 
diphosphonate. The diphosphonate has a high 
affinity to bone.

9.8.1  Three-Phase Bone 
Scintigraphy

Three-phase bone scans provide greater informa-
tion on the pathological process being evaluated. 
Images are captured using a gamma-camera and 
provide static 2-dimensional images (Figs.  9.18 
and 9.19). Three-phase bone scans have higher 
specificity as compared to single-phase bone scans.

9.8.2  Phases of Bone Scans

 (a) Phase-1: Blood-Flow Phase- Image acquisi-
tion every 2–5  s for the first minute after 
injection of Tc-99 m. This phase represents 
the blood supply to the area of the TKA 
prosthesis.

 (b) Phase-2: Blood-pool Phase- Image acquisi-
tion over a period of 5 min, starting 1 min 
after administration of the radiotracer. This 
phase represents both blood supply and 
radiotracer uptake by tissues.

 (c) Phase-3: Delayed Phase- Image acquisition 
2–4 h after administration of Tc 99 m. This 
phase is representative of osteoblastic activ-
ity of the bone. Any cause of new or increased 
new bone formation will be detected as 
increased uptake in the scan.

9.8.3  Recent Advances 
in Scintigraphy Scanning

To increase the specificity of bone scans in the 
diagnosis of periprosthetic joint infections after 
TKA, new radiotracer elements have been identi-
fied. These radiotracers when labeled to WBC, 
help localize an infective or inflammatory area 
during the bone scan. Examples include Gallium, 
or Indium, HMPAO labeled WBC.  WBC scans 
are sometimes difficult to interpret, because of 
the uptake of Labeled-WBC by lymphoreticular 
tissues. Thus, it is common practice to follow up 
with a Tc-99 m sulfur colloid-based scan. Sulfur 
colloid is preferentially taken up by non-infected 
bone. Hence, a normal uptake pattern with 
Labeled-WBC scans and increased uptake with 

P. Mulpur et al.



109

Fig. 9.18 Three-phase bone scan in a case of periprosthetic infection of the right knee joint. There is increased radio-
tracer uptake resulting in a “hot-spot” or darker area in the right knee

a b

Fig. 9.19 (a, b) Three-phase bone scan showing increased uptake of radiotracer in the left knee- With clinical findings 
and inflammatory markers, this case was diagnosed to be aseptic loosening

9 Radiological Assessment of Total Knee Arthroplasty



110

sulfur colloid scans is suggestive of aseptic loos-
ening, rather than a septic process.

Studies have shown that routine triple-phase 
Tc-99  m bone scans do not provide any addi-
tional diagnostic benefit in the diagnosis of 
PJI.  In-111 labeled WBC scans are good at 
ruling- out PJI after an abnormal triple-phase 
bone scan [28]. Currently, bone scans are not rou-
tinely indicated in all cases of infection [29]. 
Infections should be diagnosed based on the 
major and minor criteria of the Musculo-Skeletal 
Infection Society (MSIS) [30, 31]. Bone scintig-
raphy scanning is only an adjunct in cases of sub- 
clinical infections, where other laboratory 
markers are within normal limits, without obvi-
ous clinical signs of infection.

9.9  Role of Ultrasound 
in the Post-operative 
Evaluation of TKA

Ultrasonography (USG) is a seldom-used but 
important imaging modality, especially in the 
evaluation of the painful TKA. Based on the prin-
ciple of piezo-electricity, USG is a non-invasive 
imaging modality, that is widely available. USG 
is the best imaging modality to visualize soft tis-
sues and considering its cost is often used as the 
initial imaging modality, backed up by MRI in 
cases that are difficult to assess.

USG has several advantages, like its low cost, 
ease of availability, ability to perform a dynamic 
assessment of soft-tissue structures like muscles 
and tendons, no radiation exposure or harm to 
patient, non-invasive and rapid results or report-
ing. Even metal artifacts are less compared to 
MRI or CT scans. The main disadvantage of 
USG is the operator dependence. It is a great tool 
in the hands of an experienced radiologist with an 
interest in Musculo-skeletal radiology. Relatively, 
the image quality is poor as compared to static 
modalities like MRI.

Soft-tissue pathology like popliteal tendon 
impingement, fabella impingement, Baker cyst, 
bursitis etc. can be assessed using USG.  Knee 
joint and peri-articular soft-tissue collections of 
fluid, hematomas, or pus can be visualized by 

ultrasonography, and it can further aid ultrasound- 
guided aspirations. Doppler assessments allow 
quick diagnosis of vascular complications after 
TKA.  Another indication for USG is post- 
traumatic loss of knee extension, to diagnose rup-
tures of the extensor mechanism. Tears of the 
quadriceps can be graded by ultrasonography and 
treatment is advocated accordingly.

9.10  Summary

• Radiological assessment of total knee arthro-
plasty is an important skill for all joint replace-
ment surgeons.

• It is important to follow standard reporting 
guidelines to ensure uniform reporting of 
radiographs in clinical practice as well as in 
research endeavors.

• Plain radiographs provide most of the informa-
tion needed after surgery and on follow-up.

• Other imaging modalities are adjunct investi-
gations to aid the surgeon is the evaluation and 
diagnosis of complications after TKA.

• Surgeons should be aware of diagnostic 
options available but use them when indicated 
keeping in mind the additional costs and in 
some cases, the side-effects of the investiga-
tion itself.
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Total Knee Arthroplasty  
in Stiff/Ankylosed Knees

Pradeep B. Bhosale, Vijaysing Shankar Chandele, 
and Pravin Uttam Jadhav

10.1  Introduction

The definition of stiff knee is not clearly defined 
in literature. Some say range of motion <50° [1] 
while others say <90° [2]. On the other hand, 
ankylosed knee has 0 degree of motion. Range of 
motion of knee joint required for activity of daily 
living: for normal ambulation 70°, climbing stairs 
83°, descending stairs 90°, getting up from chairs 
105°, ride bike 110°–115° and squat 125°. 
Restriction or total loss not only affects func-
tional activities of a person but also affects the 
psychological and social well-being [3]. The aim 
of Total Knee Replacement (TKR) is to achieve a 
functional range of motion with painless stable 
knee [1, 4]. The surgical principle in stiff and 
ankylosed knee remains the same like primary 
TKR, i.e. soft tissue balancing with symmetrical 
flexion and extension gap, maintenance of joint 
line and patello-femoral kinematics through the 
surgical exposure become challenging as patellar 
retraction or eversion and complete joint expo-
sure is a challenging task and may require more 
extensile exposure techniques [5, 6].

Patient factors also contribute to the final out-
come include pre-operative range of motion, aeti-
ology, obesity, patient’s occupation and patient’s 
expectation. It has been proven these factors 

should be considered for satisfactory post- 
operative range and patient satisfaction. Pre- 
operative stiff or ankylosed knee have contracture 
of the extensor mechanism, capsular structures, 
cruciate and other soft tissue structures. 
Intraoperative release is achieved but there is loss 
of elasticity of these structures caused by long- 
term disease process that leads to chronic fibro-
sis. Thus, the degree of fixed pre-operative 
deformity impacts post-operative motion. 
Therefore, the pre-operative restriction of knee 
movement is a challenge for the surgeon [6, 7].

Although suboptimal clinical outcome is 
reachable in these patients but increases in effec-
tive range of motion compared to pre-operative 
state improve function and psychological well- 
being [8]. The availability of newer prosthetic 
designs with better quality has extended TKR 
indications and given us alternative therapeutic 
management to arthrodesis. Even though a novel 
procedure considering a higher complication 
rate, prolonged physiotherapy requirement and a 
possible poor outcome, proper patient selection is 
paramount for a successful outcome. Hence, a 
well counselled and motivated patient should be 
selected [10].

10.1.1  Aetiology

 1. Infection: Sequelae of septic arthritis, tuber-
cular arthritis
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 2. Inflammatory: Rheumatoid Arthritis (RA), 
Ankylosing spondylitis, Juvenile Rheumatoid 
Arthritis (JRA), and Psoriatic arthritis

 3. Degenerative: Severe OA
 4. Post-traumatic secondary arthritis
 5. Other: Haemophilic arthropathy, Reflex sym-

pathetic dystrophy, Post TKA etc.

10.1.2  Patho-Anatomy

The stiffness of knee can be attributed to both 
soft tissue adhesion and bony changes. These 
changes occur as a sequela of underlying pathol-
ogy. Adhesion in suprapatellar pouch, Quadricep 
muscle atrophy leads to limitation of flexion. 
Large osteophytes in patello-femoral articula-
tions, posterior aspect along with contracture of 
posterior capsule limits range of movements. 
Further, the cruciate, collateral and meniscus 
degeneration add to restriction of 
ROM.  Therefore, there is a high risk of subse-
quent ligament failure.

10.2  Definition of a Stiff Knee

There is a difference in the definition of stiff 
in literature. We consider any restriction of 
knee Range of Motion (ROM) which leads to 
functional limitation can be considered as 
stiffness. Simple classification of Stiff Knee 
in three categories depending upon pre-opera-
tive ROM.

• Mild ROM more than 60°
• Moderate 30° to 60°
• Severe <30°

10.2.1  Ankylosed Knee

Depending upon pathology ankylosed knee can 
be classified depending on:

 Position of ankylosis

• Extension 0° to 30°
• Mid-Flexion 31° to 60°
• Flexion More than 61°

In Extension ankylosis, quadricep are tight and 
knee exposure needs quadricep mobilisation in addi-
tion to intra-articular pathology. While in flexion 
contracture ankylosis posterior soft tissue need to be 
released and quadricep is not contracted. Both the 
groups there may have additional pathologies like 
intra-articular adhesions, osteophytes, periarticular 
adhesions, heterotopic ossification or altered bone 
anatomy due to previous surgery or pathology.

10.2.2  Muscle Function After TKA 
Conversion in Bony Ankylosis

In bony ankylosis once mobility is restored by TKA 
surgery, muscles regain active muscle function over 
initial latent period of 3–6 weeks even after a long 
duration of ankylosis. Unlike nerve injury where 
neuromuscular motor unit may get permanently 
damaged if there is no nerve recovery over a long 
period of time maybe after 1 year or longer. While in 
bony ankylosis with no mobility for long duration, 
myoelectric action potential activity is usually intact 
due to functioning of nerve supply, which maintains 
the integrity of neuromuscular motor unit activity of 
the muscles. From our personal experience of con-
version of bony ankylosed hips and knees of more 
than 10 years duration pre-operatively, most regain 
near normal muscle function after joint replacement 
after an initial latent period of 4–12 weeks.

10.2.3  Bone Quality

Bone quality is usually poor due to restricted 
activity due to stiffness of the knee. Principles of 
TKA remain the same regarding bone cuts and 
soft tissue balance and restoring biomechanics. 
However, it is more difficult to achieve soft tissue 
balance and may require additional constraints 
with TKA implant. Optimum preservation of 
bone stock should be the goal of the surgeon.

10.2.4  Patello-Femoral Ankylosis

Patello-femoral ankylosis adds to further diffi-
culty to identify joint line as relationship between 
patello to joint line is disturbed.
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10.3  Pre-operative Evaluation

Pre-operative evaluation is a key part of surgical 
execution to anticipate various difficulties for 
performing successful functional TKA.

Pre-operative evaluation can be discussed in 
the following issues:

 1. Clinical evaluation to get any history of infec-
tive pathology, neurological function, assess-
ment of associated pathology in spine, hips 
and any generalised pathology.

 2. Local examination of Joint evaluation of 
deformity, Residual range of movement, 
mobility, palpation of muscle contraction of 
quadricep and Hamstrings.

 3. Radiological evaluation of plane X-rays in 
various planes and 3D-CT scan to assess joint 
space, Patello-femoral and Tibio-Femoral 
articulation, bone defect, osteophytes, medul-
lary canal bowing deformity and Joint line 
assessment. Full-length limb scanogram 
X-ray is helpful to plan for calculation of 
implant placement in appropriate alignment. 
MRI and bone scan can be utilised to rule out 
infection, soft tissue adhesion, collateral and 
cruciate ligament status.

 4. Constraints: All types of constrained implants 
and augments to be kept ready if needed.

Routine laboratory work up including CBC, 
CRP and ESR should be done. In patients with 
previous history of pyogenic or tubercular knee 
arthritis knee aspiration for culture of aerobic, 
anaerobic and tubercular bacillus should be 
advised after stopping antibiotics for at least 
1 week if any. Technique like polymerase chain 
reaction (PCR) can be helpful for increasing sen-
sitivity of test [5]. All these clinical, radiological 
data should be utilised to plan surgical exposure, 
to anticipate difficulty intraoperative, to deter-
mine possible bone loss and how to tackle that 
particular issue. And lastly to choose appropriate 
implants. In the majority of patients, knee may be 
hypoplastic due to disuse in view of long-term 
disease process or disease started at early age so 
these may require a smaller component than the 
normal [10].

10.4  Surgical Planning

 1. Use of tourniquet is optional but author uses 
tourniquet only while cementing of implants.

 2. Skin Incision: Anterior Midline knee incision 
is most preferred and if there are multiple 
scars the most lateral incision should be taken 
to avoid skin necrosis. Special care is taken to 
maintain vascularity by avoiding undermining 
of skin flaps.

 3. Soft tissue expander pre-operatively: 
Mahomed et  al. advocated the soft tissue 
expander pre-operatively. Adequate soft 
expansion is achieved to get proper wound 
closure (Fig. 10.1a, b). Use of these soft tissue 
expander apply a slow mechanical tissue 
expansion and more recruitment of tissue 
which mobilise the contracted and scarred 
skin, muscles. The advantage of expander is 
that they make available the local tissue. It has 
appropriate colour, texture, sensitivity is also 
preserved. No donor site morbidity is pro-
duced. Expander under quadricep muscle 
leads to lengthening and smooth glide due to 
pseudo capsule formed under that. But these 
are also associated with potential complica-
tions such as infection, local soft tissue dam-
age, profusion or rupture of the expander [12].

 4. Arthrotomy: Medial parapatellar exposure 
permits good exposure.

 5. Achieve 90° of flexion is important to permit 
bringing the Tibia forward by clearing posterior 
soft tissue adhesions. Prior clearance of medial 
and lateral gutters is very helpful. If quadricep 
are tight and preventing the knee to flex then 
one of the following extensile exposure tech-
niques can be used.

There are various extensile approaches 
described to ease the exposure.

10.5  Surgical Approach

Surgical exposure is key in successful outcomes 
in stiff and ankylosed knees. The surgeon must be 
well-versed with all extensile approach to have 
adequate exposure. Failure of which leads to 
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error in balancing of flexion-extension gap, com-
ponent malposition and rupture of extensor 
mechanism, collateral ligament [12].

10.5.1  Extensile Exposures

Highly recommended for stiff and ankylosed 
knee, especially with quadricep tightness seen in 
extension position stiffness or ankylosis.

10.5.1.1  Quadricep Snip (Insall 1993 
for Stiff Knee)

The quadricep snip is a technically simple exten-
sile approach. It is in continuation of the standard 
medial parapatellar approach. The arthrotomy 
incision is extended proximally and laterally into 
vastus lateralis at an angle of 45° (Fig.  10.2). 
Extension can be done as per requirement. 
Closure is achieved as a routine case. Quadricep 

snip allows patellar retraction or even eversion 
with good exposure. It can be combined with lat-
eral retinacular release if eversion or lateral sub-
luxation cannot be achieved. There is no loss of 
quadricep strength and extension lag is the big-
gest advantage of this method. No post-operative 
change in physiotherapy protocol is required 
[11, 13]. Barrack et al. studied comparative and 
found that there is no clinical difference in ROM, 
patello-femoral symptoms, or patient satisfaction 
with standard approach [14].

10.5.1.2  V-Y Quadricep Turndown 
(Coonse and Adam for Stiff 
Knee 1943)

Coonse and Adam described this approach which 
involves v-shaped incision in distal tendinous 
portion of the Quadricep and closed in Y-shaped 
fashion (Fig.  10.3a). This procedure was modi-
fied by Insall (Fig. 10.3b). But Insall made it an 

a b

Fig. 10.1 (a) Completed expansion with the initial TKA 
incision and (b) A healed modified incision after STE and 
TKA with previous conflicting incision (William J. Long, 

MD, FRCSC, Insall Scott Kelly Institute, New York, The 
Journal of Arthroplasty Vol. 27 No. 3, 2012)
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a b

Fig. 10.2 (a) Diagrammatic depiction of Quadricep snip. (b) Intraoperative surgical picture of Quadricep snip

a b

Fig. 10.3 (a) V-Y quadricepsplasty described by Adams and Coones. (b) V-Y Quadricepsplasty modified by Insall 
(Redrawn from Scott WN: The knee, vol 1, St Louis, 1994, Mosby-Year Book, p 66)
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extension of the standard medial parapatellar 
approach. Second incision starts from proximal 
end of the first incision and extended distally and 
laterally into the tendon of Vastus lateralis. The 
only benefit of this approach is that it provides 
wide exposure, patellar tendon integrity and 
lengthening of extensor mechanism preserving 
superior lateral genicular artery supplying 
patello, but at the cost of extensor lag. Alterations 
in the post-operative rehabilitation protocol are 
required after TKA. These changes include brac-
ing, restricted ROM and partial weight bearing. 
Hence, this is the last preferred option as there is 
a high incidence of quadricep lag.

10.5.1.3  Tibial Tubercle Osteotomy 
(TTO): (First by Dolin 
Modified by Whiteside 1983)

Tibial tubercle osteotomy as extensile method is 
first used by Dolin and further this technique was 
modified by Whiteside who reported good out-
come and less complication. In surgical method 
standard incision extended distally, periosteum 
medially is elevated distally for approximately 
8 cm. Osteotomy is done with a saw from medial 
to lateral, creating a wedge of bone that is approx-
imately 8 cm long and 2–2.5 cm wide (Fig. 10.4). 
On the lateral aspect periosteum and other soft 
tissue attachment should be kept intact as a soft 
tissue hinge. This acts as a hinge so that the oste-
otomised segment is everted and displaced later-
ally (Fig.  10.4a). The osteotomy is closed with 
3-4 SS wires (Fig. 10.4b) and fixation can be aug-

mented by screw (Fig. 10.4c). Stability to be con-
firmed after fixation intraoperatively. If stable 
fixation is achieved post-operative protocol of 
full weight bearing and ROM can be followed as 
routine. Mendes et al. found less complications, 
extension lag was seen only in patients with loss 
of fixation and proximal migration of osteotomy 
and satisfactory healing of osteotomy was 
achieved in 93% of cases [15]. Barrack et  al. 
reported a higher percentage of patients having 
difficulty using stairs, kneeling or stooping. Also, 
they reported that the TTO group has lesser quad-
ricep lag as compared to the Quadricep turndown 
group [14].

To expose the knee and permit at least 90° of 
flexion in stiff and ankylosed knee in extension 
you do require one of the extended exposures. 
For mild-to-moderate extension deformity, 
simple quadricep snip is adequate to permit 
knee flexion up to 90° of flexion. In severe stiff 
knees in extension and ankylosis, we may need 
either Tibial Tuberosity osteotomy (TTO) or 
V-Y quadricep turn down exposure. Both 
approaches have advantages and disadvantages. 
However, V-Y plasty may have a major disad-
vantage of  persistence of quadricep lag perma-
nently in some cases. Hence, many surgeons 
have stopped using V-Y plasty. It is possible to 
start quadricep snip first and if required added 
TTO or extended quadricep snip into V-Y 
plasty. Adequate exposure is a key part of accu-
rate soft tissue balance and preventing malposi-
tion of implant.

TTO Exposure and fixation

a b

c

Fig. 10.4 (a) TTO flap exposed laterally. (b) SS wiring. (c) Closure of TTO with wires and augmented with screw
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10.5.1.4  Femoral Peel
In flexion contracture deformity quadricep are 
not contracted hence may not need TTO or quad-
riceps V-Y plasty. However, for correcting flex-
ion contracture, especially ankylosis in severe 
flexion position may require femoral peel sub-
periosteally skeletonised distal femur as follows. 
Windsor described the femoral peel as a tech-
nique for exposure in difficult total knee arthro-
plasty. Proximal and distally subperiosteal 
dissection is done with preservation of medial 
collateral ligament attachment on the femur. The 
medial collateral ligament is elevated until com-
plete mobilisation of femur and tibia is achieved. 
This skeletonisation by subperiosteal dissection 
is carried out as per exposure required [16].

The soft tissue sleeves that are created should 
be maintained and at the time of closure, it is 
approximated meticulously so as it can provide 
some kind of stability mediolaterally. However, 
this stability cannot be relied upon and necessary 
constrained implants are kept ready. The patellar 
eversion is not possible in each and every case 
and in such a scenario patellar subluxation will 
suffice the exposure. Lateral retinacular release 
will further aid in eversion of patella. But force-
ful attempts of patellar eversion and knee flexion 
may cause patellar tendon avulsion and that will 
be a disaster. Pinning/clipping in tibial tuberosity 
can be done to protect the avulsion of tibial tuber-
osity. External rotation of tibia and flexion of 
knee joint will help in further exposure of the 
joint.

10.6  Steps for Bony Ankylosis 
Conversion to TKA

10.6.1  Patellar Ankylosis Clearance

In cases where patellar ankylosis is present, it 
requires identification of superior, medial and 
inferior sites of patello-femoral ankylosis zone by 
clearing soft tissues. Cautery is used to release the 
soft tissue to expose bony margin. Curved osteo-
tome is used to break the ankylosis gently with 
maximum femoral and patellar bone preservation.

10.6.2  Lateral Mobilisation of Patella 
and Quadricep

Then the adhesion from patellar tendon and tibia 
are cleared on anterolateral aspect and this helps 
to further retract the patello laterally. Patella with 
quadricep gradually separated from supracondy-
lar region from femur. Patellar tendon clearance 
from supratibial tuberosity region helps to mobil-
ise quadricep mechanism laterally.

10.6.3  Tibio-Femoral Osteotomy

To break the tibio-femoral fusion go along the 
tibia medial condyle margin put spike under the 
MCL and expose the femoral condyle posteriorly 
over the MCL attachment as much as possible 
safely taking care to preserve the medial collat-
eral ligament. Similarly attempt is made to 
expose the posterolateral part retracting patella 
laterally which is difficult. Identify joint line 
from bony landmarks including femoral condylar 
surface, inferior pole of patella, intercondylar 
notch, bilateral femoral epicondyles, tibial tuber-
osity and head of fibula. If needed intra-op X-ray 
may be taken. Pre-operative measurements on 
true magnification radiographs may guide in rela-
tion to bony landmark measurements. Guarded 
osteotomy is done on both anteromedial and 
anterolateral sides with posteromedial and pos-
terolateral blunt Hohmann’s spike guarding pos-
terior neurovascular structures. Initially saw or 
sharp osteotome may be used, however, comple-
tion of osteotomy should be safer if osteotome is 
used. Avoid incomplete osteotomy and osteocla-
sis of posterior fusion mass as it may create splin-
tering of femoral or tibial metaphyseal bone. 
Removal of 5  mm to 7  mm of sandwich bone 
resected from fusion mass may be better instead 
of a single osteotomy as it helps for better clear-
ance with gradual flexion of the knee. Once oste-
otomy is complete, gently soft tissue adhesion is 
released, posterior tibial spike put as shown in 
Fig. 10.5b and the knee is flexed (Fig. 10.5c, d). 
Unless you get 90° flexion (Fig. 10.5e), it is not 
safe to place implants in correct alignment.
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Sequential and meticulous soft tissues are 
released depending on the angular deformity but 
overzealous release is avoided. Adhesions and 
osteophytes in patello-femoral and suprapatellar 
regions are released and resected. Synovectomy 
is performed. Medial and lateral gutter are devel-
oped. Preserve the collateral and bone with the 
best surgical technique.

10.7  Selection of Implants

Longevity of any implants is inversely propor-
tional to the constraints of prosthesis and this fact 
is considered while selecting any implants. 
Therefore, the implants that provide maximum 
stability and least constraint should be selected 
[17]. PCL substitution implants are recom-
mended compared to CR as first choice. 
Intramedullary stem should be used in case if 
bone graft is used to protect till it unites. Stem 
provides immediate stability. Considering the 

fact that both Press fit and cemented stem design 
have similar midterm followup, the selection 
should depend on the patient factor. In patients 
with osteoporosis and advanced age cemented 
stem should be the choice.

Constrained condylar knee (CCK) (Varus- 
Valgus constraint TKA) is commonly indicated 
in severe axial deformities, collateral ligaments 
insufficiency and severe bone loss. CCK is also 
useful as salvage implants in case of disruption 
or sectioning of collateral ligaments. Most 
authors advocate CCK when good ligament 
balance is not achieved in both flexion and 
extension [18]. Cho Lewinski et al. reported no 
CCK TKA with increased 10-year rates of oste-
olysis or loosening, but larger bone removal 
due to the components design and bad outcome 
in terms of pain relief add to negative point 
[19]. Instability of varus-valgus up to 20° can 
be easily accommodated by the High post 
(Varus-Valgus Constraint) LCCK-type con-
straint. Hinged constrained devices are not 

a b c d
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Fig. 10.5 (a) Patello-femoral cleavage osteotomy, (b) Tibio-femoral cleavage osteotomy, (c, d) Isolation of Tibial 
plateau, (e) TKA Bony cuts, (f) TKA trial implant and (g) Final TKA implantation with central patellar tracking
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commonly indicated in stiff and ankylosed knee 
as the first choice and are reserved for cases of 
severe ligament, capsular laxity, severe bone 
loss and uncontrolled hyperextension. Custom 
prostheses are also rarely indicated in anky-
losed and stiff knee but there are some scenar-
ios where their use should be considered: (1) 
undersize bone due to chronic disease process, 
(2) severe bone deformity, e.g. malunion and 
(3) the size or location of bone loss cannot be 
overcome by standard augments [17].

10.8  Case Discussion

10.8.1  Case 1: Bilateral Ankylosed 
Knee in Case of Rheumatoid 
Arthritis

A 61-year-old female was bedridden for more 
than 1  year. She is a known case of burnt out 
RA. She has bilateral bony ankylosis of knees in 
extension with no movement (Fig.  10.6a). She 
has bilateral THA done 15  years ago with 

a b1 b e
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Fig. 10.6 (a) Pre-op X-ray bilateral bony ankylosis (b1) 
Rectus Snip  +  TTO  +  Osteotomy Patello-Femoral and 
Tibio-Femoral, flexion achieved. (b) Intra-op Tibial 
Tubercle Osteotomy (TTO) closure. (c, d) X-ray AP/

Lateral view 8 years follow up Bilateral LCCK and united 
TTO. (e) Pre-operative Bilateral Protrusio post-THA. (f) 
Right Revision THA with BS cage reconstruction. (g, h) 
Flexion and extension functional activity 8 years post-op
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Protrusio, severe on the Right side with signifi-
cant pain on movement (Fig. 10.6e). She also has 
the involvement of bilateral hands, elbows and 
shoulders. A revision THA with BS antiprotrusio 
cage with BG was done (Fig. 10.6f) followed by 
sequential bilateral TKA with an interval of 
4 weeks (Fig. 10.6c, d).

We performed both quadricep snips with 
TTO for exposure. We selected LCCK con-
straint TKA with offset extension stem to permit 
better patellar tracking in the centre. It is very 
important to check the stability of TTO fixation 
intraoperatively to titrate post-op knee mobilisa-
tion. If TTO is done correctly patients do not get 
quadricep lag. It is possible to correct patella 
baja correct by a few mm proximal migration of 
tibial tuberosity while fixation. Follow up after 
8 years (Fig. 10.6c, d, g, h) demonstrated com-
plete remodelling of TTO site with excellent 
function.

Special Tips
 1. Hip replacement surgery gets priority over 

knee replacement when both hip and knee are 
affected for either primary or revision 
situations.

 2. Extension ankylosed knee may require quad-
ricep snip with the addition of TTO or Snip 

converting into V-Y plasty for exposure for 
TKA conversion.

 3. At least 90° of knee flexion should be achieved 
to implant knee to avoid malposition.

 4. Try to avoid excess bone recession to equalise 
gap balance. Necessary constraints may be 
selected intraoperatively.

 5. In Extension ankylosis Flexion gap may be 
narrow while in flexion contracture ankylosis 
extension gap is narrow.

 6. Confirm primary stability intraoperatively for 
safe and early rehabilitation.

 7. With TTO, it is possible to correct patella 
Baja by proximal shift of tibial tuberosity by 
2 mm while fixing.

 8. V-Y quadricep turned down plasty may result 
in permanent quadricep lag of variable 
degrees.

10.8.2  Case 2: Bilateral Knee Bony 
Ankylosis 90 Post RA

A 34-year-old post RA patient (Fig.  10.7a) pre-
sented with bilateral 90° bony ankylosis of knees 
for the past 11  years duration. RA activity was 
absent. Knee X-rays and CT scans demonstrated 
remodelling effect of continuity of medullary canal 

a
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Fig. 10.7 (a) Pre-op 11  year’s duration bilateral bony 
ankylosis in 90°. (b, c) Pre-op X-ray and CT scan showing 
remodelling of Femuro-Tibial medullary canal continuity 
with post cortical hypertrophy. (d, e) Post RHK surgery 

complete correction of residual 30°of flexion deformity 
using ‘Push Knee Brace’. (f, g) Bilateral RHK 9  years 
post-op AP and Lateral view. (h) Function at 9 years post-
 op Bilateral RHK
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of femur and Tibia (Fig.  10.7b). There was also 
complete remodelling of posterior cortical continu-
ity of femur to tibia as shown in the Fig. 10.7b, c. 
First, we operated Left knee. During surgical cor-
rection patella was subluxated laterally, safe fem-
oro-tibial osteotomy was done and NexGen RHK 
implant was used. There was residual deformity of 
about 30°. As it was not possible to release further 
soft tissue to prevent direct stretching of neurovas-
cular structures. We used ‘Push knee splint’ as 
shown in Fig. 10.7d, e to correct residual flexion of 
30° post-operative over period of 4 weeks followed 
by surgical correction of the right knee with resid-
ual flexion of 40°. Similarly using the same brace, 
we corrected the residual flexion deformity on the 
right completely over 6 weeks. It was possible to 
do intermittent active and passive mobilisation of 
knee without the brace. Brace was maintained for 
duration of 4 months to prevent recurrence of flex-
ion deformity and allow good time for maturation 
of elongated soft tissues. At 9  years, both RHK 
were stable without any obvious signs of loosening 
or instability.

Special Tips
 1. In flexion contracture position quadricep are 

relaxed and not contracted.
 2. Extensile exposure of TTO or V-Y plasty is 

not required usually.
 3. Selection of constraint is critical depending 

upon soft tissue release and soft tissue bal-
ance. Accurate decision was taken 
intraoperatively.

 4. Residual flexion deformity up to 40° can be 
corrected by Push knee splint or other traction 
methods.

 5. Correction of residual flexion is possible only 
in inflammatory arthritis group with pure soft 
tissue contracture without mechanical bony 
block.

 6. Post-op residual correction phase is approxi-
mately divided into (a) Distraction phase: 
Correction of residual flexion deformity (no. 
X days); (b) Maturation phase (X × 3 = Y days) 
needs to maintain correction with intermittent 
mobilisation to prevent recurrence of flexion 
deformity.

10.8.3  Case 3: OA Bilateral Knee 
Subluxation, Osteophytes, 
Loose Bodies and Stiffness

A 70-year-old patient with moderate stiffness 
with a range of movement 60° with flexion defor-
mity of about 20° with further movement till 80°.
Radiographs demonstrating mechanical block 
due to posteromedial osteophytes, loose bodies, 
subluxation and severe patello-femoral osteo-
phytes with soft tissue contractures of posterior 
capsule (Fig. 10.8a, b). Relatively easy correction 
with restoration of alignment after clearing osteo-
phytes and loose bone pieces. Usually, post- 
stabilised implant is adequate to provide stability 
as demonstrated in Fig. 10.8c, d. Similarly, severe 
hypertrophy of posteromedial osteophytes may 
result in a mild-to-moderate degree of stiffness. It 
was corrected by clearance of osteophytes and PS 
knee with good stability and mobility.

10.8.4  Case 4: OA with Osteophytes 
with Mechanical Block

A 76-years-old male presented with bilateral OA 
knee with stiffness of Rt knee range (10–50) 
moderate stiffness. There was a distinct mechani-
cal block on flexion. On X-ray, there was large 
posteromedial osteophyte and patello-femoral 
osteophytes blocking the knee movement. During 
surgical exposure, it is difficult to subluxate tibia 
anteriorly. In situ safely posterior large osteo-
phyte can be osteotomised from inside the knee 
then blunt spike can be put posterior to tibia and 
tibia can be subluxated anteriorly to complete all 
bony cuts. All loose bodies are carefully removed 
and TKA (PS) is implanted and good movement 
is restored.

Special Tips
 1. Osteophytes are reactive bone formation by 

biological response to instability in OA.
 2. Large Patello—Femoral and Post osteophytes 

can restrict the range of movement in OA.
 3. Obesity with instability stimulate more and 

larger osteophytes formation.
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 4. Clearance of osteophytes with good soft tis-
sue balancing improves joint mobility in stiff 
knees in OA.

 5. Presence of a large posteromedial osteophyte 
(Fig.  10.9a) makes it difficult to subluxate 
tibia forward. We need osteotomies at native 
posterior border of tibia. Then it is possible to 
put spike posterior to tibia and bring tibia for-
ward. Resected osteophyte can be safely 
removed after a post-femoral cut is taken.

 6. Presence of a large medial osteophyte 
(Fig.  10.9a) causes severe kinking of MCL. 
Careful resection of medial osteophyte releases 
MCL. However, there is always some risk of 
stripping MCL attachment. Hence, if good 
gap balancing is achieved residual osteophyte 
may be left behind as shown in Fig. 10.9b to 
prevent detachment of MCL.

10.8.5  Case 5: Post RA Stiff Knee 
with Fracture While 
Attempted Manipulation

A 72-year-old female with severe stiff knee in 
extension was manipulated by someone resulted 

in tibial metaphyseal fracture extending into 
medial articular zone. Presented to us after 
4 weeks bedridden. We surgically operated her 
with quadricep snip and extended offset tibial 
stem with PS knee. TKA construct was stable to 
allow gradual weight bearing and mobilisation. 
At 9  years follow up, the fracture was com-
pletely united and consolidated with 0–120 
range of mobility with stable implant 
(Fig. 10.10).

Special Tips
 1. In Rheumatoid Arthritis bones are 

osteopenic.
 2. Soft tissue contractures are common.
 3. Stiffness in RA may be due to intra- and extra- 

articular adhesions apart from loss of 
cartilage.

 4. Separation of quadricep muscles from femur 
and clearing ACL, PCL and intra-articular 
adhesions helps to flex the knee while frac-
ture fragments held reduced with the bone 
clamp.

 5. Primary intra-op stability results in early 
mobility and stability. Early weight bearing 
improves osteopenia and remodelling of bone.

a
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Fig. 10.8 (a) AP X-ray Bilateral OA Knee with sublux-
ation, medial loose osteophytes. (b) Lateral X-ray show-
ing patello-femoral and post. Osteophytes causing 

mechanical block. (c, d) 11 years post-op after complete 
clearance of osteophytes and loose bodies
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10.8.6  Case 6: Stiff Knee with Stress 
Fracture in Post Patellectomy

A 67-years-old female who had undergone patel-
lectomy 11 years ago presented to us with severe 
arthritis of knee with 5–30° of range of painful 

knee movement. There was a pathological sponta-
neous stress fracture (Fig. 10.11a) of tibia in the 
proximal metaphyseal region of tibia. There was 
no frank mobility at the stress fracture, however, it 
was painful on varus-valgus stress movement. We 
carefully exposed the knee with quadricep snip 

a

b

Fig. 10.9 (a) AP/Lateral X-ray showing Patello-femoral and Posteromedial Osteophytes and (b) Seven years post-op 
follow up X-ray showing clearance of mechanical block
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a

b

c d

Fig. 10.10 (a) X-ray AP/Lateral view showing metaphyseal Tibial fracture. (b) 9 years Post-op after reconstruction 
using long offset stem PS TKA with excellent consolidation of fracture (c, d) showing clinical range of mobility
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and used PS knee with offset extension stem. At 10 
years of follow up a pre-existent stress fracture 
was united with excellent remodelling of proximal 
tibial bone (Fig. 10.11b, c) with good stability and 
active mobility of 0–110 range (Fig. 10.11d, e).

Special Tips
 1. Post-patellectomy PS knee is preferred over 

CR knee.
 2. Offset Stem helps to improve central quadri-

cep tendon tracking.

a b c

d e

Fig. 10.11 (a) Pre-op Stiff knee with stress fracture Tibia in post-patellectomy patient. (b, c) 10 years post-op showing 
consolidation of fracture, (d, e) functional outcome
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 3. Achieving intra-op stability improves post-op 
rehabilitation.

 4. Earlier weight bearing with good implant sta-
bility improves osteopenia and bone 
remodelling.

10.8.7  Case 7: Stiff Knee with Non- 
union Fracture Tibia

A 58-year-old male presented with OA knee with 
non-union of fracture proximal tibial metaphy-
seal region. He had undergone four previous sur-
geries for osteosynthesis with condylar T plates 

on medial and lateral tibial metaphysis and spiral 
non-union fracture line (Fig. 10.12a) without any 
signs of infection. After confirming no evidence 
of infection pre-op and intra-op, we removed 
both T plates from medial and lateral aspects. 
Debrided the local granuloma around the plating 
zone and performed Fibular osteotomy to permit 
direct opposition of bone ends at non-union site. 
We used PS knee with extension stem with 
impaction bone graft at the fracture site. There 
was no significant residual mobility Patient was 
permitted to walk gradually full weight bearing 
using PTB-type moulded thermoplastic material 
functional brace. Post-op knee mobilisation and 

a b

c

Fig. 10.12 (a) Pre-op non-union tibial upper metaphyseal fracture. (b) Union 7 years post-op TKA with stem with auto 
BG. (c) Functional outcome
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walking with gradual weight bearing were per-
mitted. Follow up after 7  years shows 
(Fig. 10.12b). Tibial fracture and fibular osteot-
omy union with 0–120° Range of movement 
(Fig. 10.12c).

Special Tips
 1. Secondary arthritic knee with metaphyseal 

non-union can be treated using stable fixation 
and auto BG.

 2. Fibular Osteotomy favours approximation of 
fracture ends in compression.

 3. There was no rotational mobility, hence pure 
compressive forces with stable intramedul-
lary stabilisation with extension stem allow 
better stability for union. Fibular osteotomy 
away from the site of tibial fracture is 
important.

 4. Adequate BG is always available during bone 
cuts of TKA.

10.8.8  Case 8: Stiff Knee 
with Extension Stem Tip Cut 
Out Due to Loss of Medial 
Pillar

A 72-year-old patient presented with stiff knee 
post immobilisation in a cast for 12  weeks for 
the treatment outside for cutting of tibial stem tip 
penetrating through the lateral tibial cortex 
(Fig. 10.13). It was painful. Knee was stiff due to 
tibial baseplate loosening and following 
12 weeks of casting. We did pre-op planning. It 
was obvious that in this LCCK knee tibial base-
plate was aseptically loose with the collapse of 
medial tibial column leading to progressive cut-
ting of tibial stem tip through tibial cortex 
(Fig. 10.14a–e). Femur was well fixed. Knee was 
confirmed aseptic pre-op and intra-op. We care-
fully removed loose tibial component, recon-
structed medial tibial column support with 

a b c d e

f

g
h

i

Fig. 10.13 (a) Post op revision stem tip central, medial 
pillar BG intact, (b, c) Progressive stem tip cut, (d) Closer 
view stem tip cut out, (e) Medial tibial BG collapse, (f) 

Intra-op c arm X-ray confirming medullary reamer bypass 
lateral tibial defect, (g, h) 7 years post-op follow up, (i) 
7 years clinical results
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Trabecular metal cone and selected a longer tib-
ial stem to bypass tibial defect. Femoral compo-
nent was well fixed (3 years old Revision LCCK). 
Revision of isolated Tibial construct was stable 
with 90° range of movement (Fig. 10.14k). Some 
intra- medullary allograft was impacted. At 
7 years follow up, patient was functionally active 
with consolidation of TM cone (Fig. 10.14j). It is 
important to avoid intramedullary reamer going 
through cut-out hole. As shown in Fig.  10.14f, 
‘c’ arm confirmation is a must.

Special Tips
 1. It is very important to reconstruct, especially 

medial bone column. Lateral column rarely 
collapses as it has fibular support.

 2. Trabecular metal cone support helps to 
strengthen bone column with best possible 
osteointegration without permitting collapse 
which may occur with bone graft.

 3. Bypassing the tibial defect during canal ream-
ing is very important. ‘C’ arm guided cannu-
lated reaming over a preselected guide wire 
path is most important to safely bypass the 
defect.

 4. Pre-op planning to select longer stem length 
to bypass defect of appropriate diameter is an 
important step.

 5. It is not necessary to replace a well-fixed fem-
oral component of the same make if matching 
Tibial component is available, provided it is 
well aligned.

 6. Care is taken when using TM cone that the 
outer surface of TM cone should not be 
exposed to skin, nerves or vessels as it adheres 
to these structures with possibility of damage. 
Exposed TM cone should be coated with bone 
cement as seen in Fig. 10.14j.

10.9  Post-operative Management

Post-operative management is key in successful 
outcome after TKA in stiff and ankylosed knees. 
Immediate and supervised physiotherapy proto-
col should be followed. Static quadricep and 
ankle movement are started immediately in post- 
operative phase. Active and passive range of 
motion started within 24  h post-operatively. 
Patients are allowed to weight bear on second 

a b c d e j

k

l

hgf

Fig. 10.14 (a) Top view Medial Tibial bone defect. (b) 
Side view defect. (c–e). Trial TM cone augment. (f, g) 
Confirm Intraoperative ‘C’ arm Trial cone. (h, i) Final TM 

cone. (j) LCCK + TMcone 7 years follow up. (k) Central 
tracking of Patello Intra-op
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post-operative day with extension lock braces 
with walker support which are progressed to 
crutches and canes as tolerated. Early weight 
bearing improves osteopenia, better bone remod-
elling, improved functional outcome and 
improvement in psychological aspects of patient. 
Strengthening and stretching exercises pro-
grammes are given to improve range of motion. 
Quadricep strengthening is important as in most 
cases it is hampered due to long-term disease. 
Electrotherapy can be utilised for the same. In 
cases where V-Y quadricepsplasty is used as an 
extensile approach it will require the delay in the 
rehabilitation programme and requires bracing, 
restriction ROM exercise, restriction of active 
extension and straight leg for at least 6  weeks. 
The author is against using the V-Y 
Quadricepsplasty as an extensile approach due to 
irrecoverable quadricep lag.

10.10  Management of Residual 
Flexion Deformity 
in Ankylosed Knee

TKA in ankylosed knee fixed in flexion contrac-
ture has a tendency to rest in flexion contracture 
more than 45°. Different authors have suggested 
different methods to address this problem. 
Y.H.  Kim et  al. utilised the gradual traction 
method using skeletal traction through distal tib-
ial threaded Steinmann pin. On day one, 2.27 kg 
weight is applied which is gradually increased to 
9 kg. All patients are given a cylinder cast which 
is kept for 3 months [9, 10]. But as the patient 
remains bedridden, mobilisation of patient is dif-
ficult, pin track issue and increased hospital stay 
are the major disadvantages. Other methods like 
increasing the bone cuts and soft tissue release 
can lead to loss of contour of femur for femur 
prosthesis along with the alternation of knee bio-
mechanics. Excessive soft tissue release does 
carry a risk of damage to neurovascular struc-
tures and force us to use the more constraint 
implants.

We prefer the push knee splint (Fig. 10.15) in 
such a scenario. It works on the principle of 
three-point contact. It consists of two aluminium 

straight rods, which are firmly encircled by straps 
to mid-thigh and mid-leg. An adjustable Velcro 
strap with anterior knee cushion pad is put over 
anterior aspect of knee against the side rods. 
Adequate padding should be done on pressure 
points to avoid skin necrosis. Anterior knee strap 
is tightened every day for gradual correction. 
After complete correction, the limb is kept in the 
same position for maintenance of corrected 
deformity. This maturation phase is critical to 
prevent recurrence of deformity. The maturation 
phase should be for 3 times the days required for 
correction of deformity (Fig. 10.15). During cor-
rection and maintenance phase adequate pain 
management is very essential for patient’s com-
pliance. Push knee splint work best for deformity 
in case of inflammatory disease and we advocate 
the use of this method in inflammatory arthritis 
only. In case of degenerative arthritis the correc-
tion should be achieved intraoperative only and 
residual flexion deformity may not be corrected 
as per author’s experience. Push knee splint is 
removable with intermittent active and passive 
knee mobilisation.

10.11  Discussion

Classically in many literature the knee is consid-
ered stiff when range of motion is <50° while 

a

b

Fig. 10.15 (a) Push knee splint for flexion deformity 
correction phase. (b) Complete correction of deformity 
with maintenance phase
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others consider it as <90° [20, 21]. We consider 
that 90° is more representative of this group con-
sidering that functional disability starts with 
range <90°and we classified it according to sever-
ity into mild (60°–90°), moderate (30°–60°) and 
severe (<30°).

Surgical technique is a key factor in the final 
outcome achieved. Extensile approach is required 
in long-standing difficult severe stiff knee cases. 
Paolo Aglietti et  al. advocated V-Y quadriceps-
plasty early in the procedure as an extensile 
approach. They considered quadricepsplasty safer 
than TTO in view of the difficulty in reattachment 
of osteotomised tibial tubercle. They emphasised 
the fact that quadricepsplasty requires post-oper-
ative immobilisation and prolonged rehabilitation 
to prevent extension lag. And they reported no 
extension lag in long term [1]. D. K. bae et al. have 
a similar opinion regarding extensile approach but 
reported extension lag in two patients despite post-
operative rehabilitation protocol [3]. Considering 
the high rate of extension lag, Ashok Rajgopal 
et al. use this method less often [24]. S. Bhan et al. 
used quadricep snip for stiff knee [7]. We advocate 
quadricep snip whenever an extensile approach 
is required. If adequate exposure is not achieved 
TTO can be added. With quadricep snip, there 
is no change in quadricep strength and also no 
change in post-operative protocol. In our experi-
ence, if proper surgical technique is followed for 
TTO there is no extension lag and also fewer com-
plications. Also, with proximal shift of reattach-
ment, patella Baja can also get corrected. Barrack 
et  al. also reported less extension lag with TTO 
compared to V-Y quadricepsplasty [14].

Implant selection: Aglietti et  al. advocated 
using cruciate substituting (PS) implants [1]. 
They observed that it is very difficult to preserve 
the PCL in a stiff knee. Also, they added that in 
stiff knee as consequences of extensive soft tissue 
release usually, flexion gap is larger than exten-
sion, in such scenario posterior stabilised implant 
handle this type of discrepancy better. M. Fosco 
et al. recommended use of unconstrained implants 
in stiff knee and advocated use of constrained 
implant only in selected cases where extensive 
soft tissue release is required [8]. Unlike S. Bhan 
et al. [7] where they commonly used more con-

strained implant. In our opinion, similar to 
M. Fosco at al [8] instability is not an issue in stiff 
knee, so with meticulous soft tissue release and 
preservation of native bone unconstrained implant 
like posterior stabilised knee can be used and 
more constrained can be added depending upon 
soft tissue status which is an intraoperative deci-
sion. So, all types of constraint implants should be 
kept ready on the table as intra-op decision is 
most important for decision of using constraint.

Functional outcome: The aim of TKA is to 
achieve painless, stable and functional joints. The 
range achieved between 0° and 105° is consid-
ered satisfactory after TKA [22]. But range of 
motion achieved in stiff and ankylosed is not 
always comparable to flexible knee. M.  Fosco 
et al. reported the final ROM in flexible is 106° 
compared to that of 87° in stiff and ankylosed 
knee. But considering the percentage of improve-
ment in ROM compared to pre-operative status 
the stiff group has a better result. The increment 
was found to be 64.4% compared to 59.9% in 
flexible group. Similar findings were reported by 
other authors [3, 7, 21]. However, Mullen et al. 
reported no significant difference in ROM 
achieved in stiff and flexible knees, pre-operative 
range is one of the important factors that predict 
post-operative range of motion [20]. Lee et  al. 
reported that the ROM and clinical score achieved 
were less compared to flexible group. Aetiology 
of stiffness is also one factor that determines the 
outcome. Lee et al. found better ROM obtained in 
stiff knee with OA and RA as aetiology com-
pared to that of post-traumatic and post-infective 
group [21]. Parvizi et al. had reported poor out-
comes in patients with stiffness caused by anky-
losing spondylitis compared to RA [23]. In our 
opinion, the pre-operative range and underlying 
aetiology of stiffness are both important factors. 
The ROM obtained in severe stiff group is less 
compared to mild and moderate group. Even 
though range achieved is suboptimal but the 
range achieved, significantly improves the func-
tional status of the individual, which improves 
the sense of well-being.

Complication: Higher complication rate is one 
of the most important issues in a patient with stiff 
knee. M. Fosco et al. reported a complication rate 
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of 21.8% in stiff knee compared to 6.2% in flexi-
ble knee. Majority of them included skin necrosis 
and infection. They pointed out extensive soft tis-
sue exposure, prolonged operative time and com-
plication with previous scar and sinuses. Similar 
complication rates were reported in other studies 
also [7, 24]. In our opinion, TKA gives a good 
option for management in stiff knee to get ROM 
and functional outcome. But it is also associated 
with a higher complication rate and possible sub-
optimal range compared to that of flexible knee. 
Therefore, it is very important on the part of sur-
geon to counsel patients regarding the possible 
limitation in gain in ROM and complication.

Surgical techniques are paramount in the con-
version of ankylosed knee in total knee arthro-
plasty. With contracted soft tissue, scarred skin 
complications like skin necrosis are common. 
Mahomed et al. advocated the use of soft tissue 
expander in ankylosed knee. It provides ade-
quate soft tissue for wound closure. They put 
expander under quadricep and subcutaneous tis-
sue. The probable advantages of soft tissue 
expander under quadricep helps to mobilise it, 
breaks the adhesion and probably lengthens the 
contracted quadricep. The pseudo capsule 
formed around the expander also helps the 
smooth glide of quadricep [12].

Extensile approach remains key in ankylosed 
knee to get adequate exposure. Y. H. Kim et al. [9] 
used V-Y quadricepsplasty as an extensile 
approach and also used for lengthening of con-
tacted quadricep mechanism in a study conducted 
in 99 knees in 82 patients of ankylosed knee, 
While H.  U. Cameron et  al. recommended use 
TTO whenever required [25]. And they are 
against the lengthening of extensor apparatus. In 
their view, quadricep is always contracted in 
knees fused in extension. However, the quadricep 
is not significantly adherent to femur and can eas-
ily be separated. Even though the initial move-
ment is only 35°–45° but with time and 
post-operative physiotherapy range is improved. 
We have a similar opinion regarding extensile 
approach in ankylosed knee. In an ankylosed 
knee of long duration (more than 10 years) once 
mobility is achieved by TKA the muscle function 
improves progressively unlike peripheral nerve 

injury. As neuromuscular junction unit is intact in 
ankylosed knee with intact nerve supply, there is 
always some residual nerve impulses across neu-
romuscular junction (NMJ) motor units so even 
with a prolonged duration of bony ankylosis the 
strength and contractility of muscle can be 
regained once mobility is restored in the joint 
using TKA. There may be some latency duration 
of 4–6 weeks before functioning of muscles starts 
with progressive improvement over 6  months. 
While in post nerve injury if there is no recovery 
over 12 months motor units can get permanently 
destroyed. With extensive physiotherapy proto-
col, even though not fully but recovery to a func-
tional level can be attained for the individual.

Management of residual flexion deformity: 
Kim et al. [10] managed TKA in severe flexion 
deformity (27 knees) managed with one-stage 
and two-stage procedures. In two-stage proce-
dure fusion is broken down with judicious soft 
tissue release and skeletal traction is used to cor-
rect the flexion deformity followed by TKA.  In 
one-stage TKA done with maximum preserva-
tion of soft tissue, residual flexion deformity is 
corrected with skeletal traction post TKA without 
excessive soft tissue release intraoperatively. 
They observed that two-stage arthroplasty failed 
to achieve correction due to mechanical impinge-
ment. In one-stage arthroplasty, smooth surface 
of prosthesis gives smooth gliding surfaces. In 
our opinion in such severe cases with deformity 
there is always some residual deformity often 
remains after TKA. But we use push knee splint 
for correction of deformity, especially in inflam-
matory pathology. But in Osteoarthritis full cor-
rection should be achieved on the table.

Selection of Implant: Selection of implant in 
ankylosed should be an intraoperative decision. 
Generally, more constrained implant is selected 
considering deficient soft tissue due to long-term 
disease process, however, Y. H. Kim et al. reported 
use of posterior stabilised prosthesis for anky-
losed knee, with average follow up of 7.7 years 
they reported no case of revision due to clinical 
or radiological loosening. They recommended 
preservation of soft tissue sleeve intraoperatively 
which provides adequate soft tissue stability 
required for unconstrained implant like PS [26].
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Patellar Resurfacing: Patellar resurfacing is 
one of the controversial aspects of TKA. Kim 
et  al. recommended not to resurface patella in 
cases with flexion deformity more than 90°in a 
study conducted on 27 knees in 24 patients. They 
reported a tendency of recurrence of deformity in 
their patients and advocated night splint use at 
least for 3 months post-operatively [10]. Cameron 
et al. also recommended against patellar resurfac-
ing. In ankylosed knee in most cases femoral 
condyle is lost. So, the anterior femoral flange of 
prosthesis pushes patella further anteriorly result-
ing in overstuffing, soft tissue tension, and diffi-
cult closure. So, they recommended thinning of 
patello as much as possible and never to resurface 
patella. No cases of patellar avascular necrosis 
were noted in this series [25].

10.11.1  Comparative Results Stiff 
and Ankylosed Knee

S. Bhan et al. compared the result of total knee 
arthroplasty in stiff and ankylosed knees. They 
reported higher functional and clinical score in 
stiff knees. Even though the post-operative ROM 
is greater in stiff group the mean gain in ROM is 
more in ankylosed knee. They found no clinical, 
functional, and difference in complication rate 
between ankylosed group fixed in extension and 
those fixed in flexion contracture [7].

10.11.2  Complications

Skin edge necrosis: Skin edge necrosis is most 
common complication reported in the literature 
ranging from 2.5% to as high as 53.3% [10, 24, 
27, 28]. Skin edge necrosis occurs due to skin 
adhesion, contracture, multiple surgical interven-
tions make skin and soft tissue coverage difficult 
[28]. In ankylosed knee, the femur loses its ante-
rior part of femoral condyle when it is replaced 
with prosthesis it produces tension leading to 
additional difficulty in closure, tension on skin 
and skin edge necrosis. To prevent necrosis skin 
flap is carefully handled. Mahomed et al. and Cho 
et  al. advocate soft tissue expander Pre- 

operatively under skin. The soft tissue expander 
allows slow mechanical expansion of tissue and 
recruits surrounding tissue. It easily mobilises 
contracted skin and muscles, which allows easy 
closure and avoids skin necrosis [12, 29]. Most of 
the skin necrosis can be managed with local 
debridement but may require skin grafting.

Post-operative infection: Post-operative infec-
tion remains a major complication that leads to 
greater hospital stay, more economical loss, 
repeated surgeries and patient dissatisfaction. 
The rate of post-operative infection is more in 
ankylosed and stiff knees as compared to that of 
flexible knees. The reasons that can be quoted are 
aetiology with a past history of infections, dura-
tion of surgery, extensile approach, extensive soft 
tissue release, scars or sinuses of previous sur-
gery or pathology. Laboratory work up of each 
patient should be done for infection in cases with 
past history of infectious aetiology that includes 
WBC, CRP and ESR.  Knee aspiration is also 
advised. Whenever there is no aspirate, saline 
wash should be given and the sample is collected. 
The sample is processed for cell count, culture 
and antibiotics. A technique like polymerase 
chain reaction can be utilised to increase the sen-
sitivity of the test. The patient should be antibi-
otic free for at least 2 weeks to avoid any false 
negative reports. A negative culture is paramount 
before proceeding to TKA.  Proper antibiotics 
coverage, careful soft tissue handling intraopera-
tively, meticulous closure and proper post-opera-
tive protocol are also helpful in reduction of 
post- operative infection.

Common peroneal nerve palsy: Common 
peroneal nerve palsy is a relatively rare compli-
cation ranging from 0.01% to 4.3% after TKR but 
it has a greater impact on functional outcome and 
patient satisfaction. It can also be the reason for 
litigation on the surgeon. In case stiff or anky-
losed knee, there is theoretically high of nerve 
palsy consider severe deformity like flexion and 
valgus. Mechanical stretching of the nerve for the 
correction of deformity during TKR, disruption 
of blood supply due to tourniquet use, blood loss 
and hypotension, external compression of nerve 
at fibular head are possible aetiological factors 
leading to nerve palsy. Other possible risk factors 
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are epidural anaesthesia, history of DM and a 
higher BMI [30, 31]. Overzealous manipulation, 
acute correction of deformity should be avoided 
to prevent the occurrence of CPN palsy.

Extensor mechanism failure: Extensor mecha-
nism failure is a very infrequent but disastrous 
complication. The contracted extensor mecha-
nism in stiff and ankylosed knee pose an increased 
probability of injury. With the anticipation of 
injury, extensile approaches like quadricep snip, 
V-Y Quadricepsplasty, TTO are employed. 
Before eversion of patella the k wire can be 
passed in tibial Tuberosity to avoid avulsion. It is 
not necessary to every patella for exposure of 
joint. Lateral subluxation is sufficient for expo-
sure. Forceful attempt to evert patella should be 
avoided.

10.12 Summary

It is possible to achieve good results with stiff 
and ankylosed knees. With good pre-operative 
planning and understanding of intra-op difficul-
ties selection of surgical exposure, reconstruction 
of bone defects good soft tissue balance and 
selection of appropriate constraint TKR implant 
improves functional outcome and longevity of 
results avoiding complications. The patients 
always prefer a mobile joint. The ability to sit and 
walk normally improves the psychological well-
being of the patient.
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11.1  Introduction

Total knee arthroplasty (TKA) is a time-tested 
treatment for osteoarthritis of knees. TKA in 
presence of an extra-articular deformity becomes 
a challenging surgery. Any deformity present in 
the tibial or femoral shaft and metaphyses not 
involving the attachments of the collateral liga-
ments is termed as an extra-articular deformity 
(EAD) [1]. This may be uniplanar or multiplanar 
in extent and occurs proximal to the femoral con-
dyles and distal to the proximal tip of the fibula 
[2]. The closer it is to the joint, the greater impact 
it has on the limb alignment [1].

EAD causes an alteration of the lower limb 
alignment leading to altered knee kinematics and 
asymmetric compartmental forces resulting in 
early degenerative changes. Even a 5° varus or 
valgus deformity leads to more than 5 times risk 
of arthritis progression. The greater the magni-
tude of EAD, the greater is the progression of 
osteoarthritis [3].

11.2  Causes of EAD [4, 5]

 1. Malunion of fractures of femur or tibia 
(Figs. 11.1 and 11.2).

 2. Previous osteotomy/surgery of the lower 
extremity.

 3. Metabolic disease (Rickets, hypophosphate-
mia, hyperparathyroidism).

 4. Paget’s disease.
 5. Congenital disorders such as Osteogenesis 

imperfecta and Blounts disease.
 6. Tumors (benign/malignant).

The goal of a TKA is to restore the mechani-
cal alignment of the leg and achieve ligament/
soft tissue balance [6]. If the EAD is ignored we 
run the risk of malalignment of the leg and these 
goals become difficult to achieve. Malalignment 
after TKA is a risk factor leading to aseptic loos-
ening of the implants and early failure. Varus 
malalignment can lead to tibial loosening, early 
articular surface wear, and osteolysis. Valgus 
malalignment exacerbates instability and pre-
cipitates patellar problems. Rotational malalign-
ment causes patellar maltracking, stiffness, and 
instability. Hence the importance of correcting 
EAD [7].

Traditionally, two schools of thought have 
existed for management of EAD during TKA. In 
the indirect approach, the deformity is first cor-
rected by an osteotomy to establish the normal 
anatomic axis. The TKA is then done to take care 
of the osteoarthritis of knee. The direct approach 
compensates for the EAD by performing an intra- 
articular correction.S. Kumar (*) · V. Dahiya · A. Rajgopal 
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Fig. 11.1 Extra-articular deformity due to a malunion of segmental fracture of tibia

Fig. 11.2 EAD due to malunion of fracture femur
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11.3  Radiographic Evaluation  
[4, 5, 8, 9]

Assessment is done by taking weight-bearing 
full-length radiographs showing the hip, knee, 
and ankle (i.e., the mechanical axis). Weight- 
bearing X-rays show the effects of instability, 
pseudo laxity, and cartilage loss on limb align-
ment. There is no role of short films. Positioning 
of the limb due to EAD may be difficult but an 
effort should be made to position the patient in 
the appropriate position.

The location and magnitude of the deformity 
are measured on these radiographs in the coronal 

and sagittal planes (Table  11.1). For measure-
ment of rotational deformities, a computed 
tomography scan may be needed. Limb length 
discrepancy (LLD) is also measured—true length 
is measured on the radiograph and functional 
length is physically measured from the umbilicus 
to the medial malleolus.

11.4  Preoperative Planning

Determining the location of the distal femoral 
and proximal tibial bone cuts in relation to the 
attachments of the collateral ligaments is the piv-

Table 11.1 Measurement made on the full length standing radiograph to evaluate the location and extent of 
deformity [4]

Radiographic measurements for preoperative assessment of deformity

Measurement Description
Normal 
range Clinical significance

Coronal plane measurements
MAD Measured by drawing a line from center of 

the femoral head to the center of the ankle 
and drawing a second line from the center 
of the tibial spines to meet the first line

0–8 mm 
medial

Any line that is drawn laterally is 
considered a valgus deformity, and any line 
>8 mm medial is considered a varus 
deformity

LDFA Angle between a line from the center of the 
hip to the center of the knee and a second 
line connecting the femoral condyles

85–90° Angle outside of normal range indicates 
deformity originating from the femur

MPTA Angle between a line down the shaft of the 
tibia and a line across the top of the tibial 
condyles

85–90° Angle outside of normal range indicates 
deformity originating from the tibia

JLCA Angle between a line drawn across the 
tibial condyles and a line across the 
femoral condyles

0–2° Angle greater than normal range indicates 
deformity originating from inside the joint, 
either from cartilage loss or ligamentous 
instability

Sagittal plane measurements
PDFA Angle between the sagittal distal femoral 

joint line and mid- diaphyseal line of the 
femur

79–83° Angle outside the normal range indicates a 
sagittal plane deformity of the femur

PPTA Angle between the sagittal tibial joint line 
and mid- diaphyseal line of the tibia

77–84° Angle outside the normal range indicates a 
sagittal plane deformity of the tibia

Axial plane measurements
LLD Distance measured from the top of the 

femoral head to the center of the ankle 
joint on each limb

NA Any discrepancy should be noted and 
accounted for in the correction of the 
deformity

Deformity measurements
CORA Location where the anatomic axes of the 

bone proximal to the deformity and distal 
to the deformity meet

NA Often used as the basis for where to plan 
the osteotomy if corrective surgery is being 
considered

CORA center of rotation of angulation, JLCA joint line convergence angle, LDFA lateral distal femoral angle, LLD limb-
length discrepancy, MAD mechanical axis deviation, MPTA medial proximal tibial angle, NA not applicable, PDFA 
posterior distal femoral angle, PPTA posterior proximal tibial angle
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otal step in TKA with EAD.  A coronal plane 
deformity of <20° in the femur and <30° in the 
tibia when the CORA is located outside the 
metaphyseal region is amenable to intra-articular 
correction. For any deformity greater than the 
above or a deformity closer to the joint an extra- 
articular osteotomy is warranted along with the 
TKA [10–12].

Wang et  al. described another technique to 
assess the feasibility of intra-articular correction 
and avoiding an osteotomy [13]. The mechanical 
axis of the femur is drawn (from the center of the 
femoral head to the center of the femoral notch) 
and a second line is drawn perpendicular to it to 
simulate the distal femoral resection. If this per-
pendicular line passes distally to the attachments 
of the collateral ligaments (25 mm proximal to 
the joint line) an intra-articular correction can be 
achieved. For the tibia, a line is drawn from the 
center of the talus up the shaft of the tibia in the 
distal fragment of the deformed bone. If this line 
passes through the top of the tibial plateau an 
osteotomy is not needed and a primary TKA will 
be able to correct the deformity. However, if the 
tibial bone resection is too radical and cannot be 
compensated with primary implants then an oste-
otomy should be undertaken.

Sagittal plane deformities are generally better 
tolerated by patients undergoing TKA. A flexion 
deformity of <10° or a recurvatum deformity of 
<20° is amenable to correction by a TKA. Any 
greater deformity warrants an osteotomy.

Rotational deformities are difficult to manage 
with a primary TKA. Appropriate placing of the 
femoral component in a femur with severe inter-
nal rotation will lead to notching of the anterolat-
eral femoral cortex. External rotation deformity 
faces no such challenges. Wang et al. recommend 
that rotational deformities should be corrected 
with an osteotomy to avoid complications during 
TKA [13].

TKA does not affect any change on the 
LLD.  Corrective osteotomy may lengthen or 
shorten the length but complete correction is not 
achieved. The patients should be counselled as to 
this fact. Kim et  al. noted that a >15 mm LLD 
was associated with lower knee society func-

tional scores but there was no difference in 
patient satisfaction results [14].

11.5  Surgical Options

 1. Primary TKA with intra-articular correction.
 2. Simultaneous corrective osteotomy and TKA.
 3. Staged corrective osteotomy and TKA.

As reported by Wang et al., a primary TKA 
utilizing an intra-articular correction of EAD 
is possible if (a) distal femoral resection does 
not violate the attachment of either collateral 
ligament, and (b) if the mechanical axis of the 
distal tibia when extended proximally passes 
through the tibial plateau [13]. Mann et  al. 
reported results of the technique preferred by 
Insall where he managed the deformity by mod-
ified intra- articular bone resection and ligament 
balancing. He recognized the importance of 
restoration of a neutral mechanical axis and he 
accomplished it with compensatory positioning 
of the arthroplasty components. The average 
deformity of the femur was 14° in the coronal 
plane and 12° in the sagittal plane [15]. In case 
of an area of previously healed osteomyelitis 
with poor skin condition and delayed healing of 
a shaft fracture the EAD may be left alone and 
a sub-optimal correction be accepted. Rajgopal 
et al. reported on the improvement of the pre-
operative hip knee ankle angle in the coronal 
plane from a mean of 14 ± 2° varus to a mean 
of 2 ± 0.6° valgus using intra- articular correc-
tion. Thirty-six knees were followed up to an 
average of 85  months. The deformities ame-
nable to intra-articular correction were: femur 
coronal plane 11–18°, sagittal plane 0–15°, 
and tibia coronal plane 12–24°. There were 
no osteotomies done, and complications like 
arthrofibrosis, infection, instability, and patel-
lar maltracking were not encountered [8].

The decision to perform an osteotomy to cor-
rect the EAD is taken when Wang's criterion are 
not met. The timing of the osteotomy is  debatable. 
It can be done simultaneously with the TKA or in 
a staged manner.

S. Kumar et al.
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A staged procedure allows for greater flexibil-
ity in correcting the deformity and allows for 
enough time for the osteotomy to heal. 
Metaphyseal osteotomies have the best healing 
potential. The concept of a controlled osteotomy 
at the apex of the deformity leaving the opposite 
cortex intact to serve as a hinge can improve the 
stability of the osteotomy [16]. Nonunion at the 
osteotomy site is a hazard and can only be 
avoided by detailed preparation, meticulous sur-
gical technique, and a good fixation. At the time 
of the TKA if the hardware needs to be removed 
it can be done without compromising the stability 
of the fixation of the osteotomy. The risk of 
cement intrusion is also avoided as the osteotomy 
has healed. Sometimes the correction of the EAD 
improves the knee kinematics and TKA can be 
delayed.

Advantages of simultaneous osteotomy and 
TKA are a single surgery and a single recovery 
period but this must be offset with the technical 
difficulty of the procedure and the need for blood 
transfusion not to forget the intrusion of cement 
into the osteotomy site [17]. Lonner et al. reported 
45% complications when the two procedures 
were done simultaneously [18].

11.6  Implant Choice 
for Osteotomy Fixation

The choice of stable fixation of the osteotomy 
site depends on whether the TKA is simultaneous 
or staged. In a simultaneous osteotomy with TKA 
the osteotomy can be stabilized with long TKA 
stems, an intramedullary nail and/or plates. The 
fixation should be stable enough or else we run 
the risk of subsequent non-union at the osteot-
omy site. The implants ought to be placed in a 
manner so as to not disturb the use of the TKA 
instrumentation. That may prove to be difficult 
hence the recommendation for Computer naviga-
tion surgery.

When the TKA is to be done later, there is 
more flexibility to use the fixation device (intra-
medullary nail, plate, or an external fixator) 
which may be removed at the time of TKA or left 
in place if not in the way.

The osteotomy correction should focus on 
correcting the femoral/tibial anatomic and 
mechanical axis. The correction should not aim 
to perfect the overall alignment of the leg.

11.7  Implant Choices for TKA

TKA with EAD is not an easy surgery. Proper 
planning and meticulous detail to each aspect of 
surgery will allow for a successful outcome. 
These are complex surgeries and a full inventory 
of implants, augments, and stems must be avail-
able during the surgery. The decision to use a pri-
mary or a constrained TKA implant depends on 
the ligamentous stability encountered during the 
surgery. Due to the preexisting deformity, 
implants, and the extensive soft tissue releases 
required to balance the flexion and extension 
gaps may render either the medial or the lateral 
collateral ligaments incompetent. A very low 
threshold should be kept for constrained implants.

11.8  Role of Computer Navigation 
in TKA Associated with EAD

Computer navigation is a technique with proven 
results in eliminating alignment outliers during 
TKA.  Its use in patients with an EAD may be 
even more advantageous because of the difficulty 
in using traditional intramedullary resection 
guides. The medullary canal may be narrowed or 
sclerotic [19, 20]. Additionally, the presence of 
metallic hardware may not allow the use of tradi-
tional instruments. Not violating the canal also 
eliminates the risk of fat embolism and reduces 
bleeding. With an ipsilateral long-stemmed total 
hip replacement it can be difficult to align the 
femoral component with an intramedullary guide. 
Navigation-assisted TKA helps in planning and 
assessing the deformity in all planes and guides 
the surgeon to avoid compromising the epicon-
dyles [21]. The increased surgical time, cost, and 
the steep learning curve may offset the advantages 
of computer navigated TKA with EAD.  Izumi 
Tani et al. reported on better postoperative knee 
society functional scores in the navigation group. 
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There was no difference in the postoperative 
range of motion and knee society knee score 
between the two groups. The only drawback was 
that the number of patients in each group was only 
7 [22]. Rhee et al. reported on the results of 13 
knees and observed a mean hip- knee- ankle angle 
in the coronal plane improved to 0.2 ± 4.5° valgus 
with over 90% good to excellent results [21]. 
Mullaji et al. achieved a mean postoperative limb 
alignment of 179.1° when using computer naviga-
tion for 40 TKA with an EAD. The knee society 
knee scores improved from 49.7 to 90.4 points 
and the function scores improved from 47.3 to 
84.9 points postoperatively at a mean follow up of 
26.4  months. Long- term results are awaited but 
the trend does seem to favor navigated surgery in 
the presence of EAD [23].

With the popularity of open reduction and 
internal fixation of fractures around the knee, 
EAD around the knee may be a rarity in the 
future. This chapter helps the surgeon formulate a 
surgical plan to restore the limb alignment after a 
TKA associated with an EAD.
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Post-High Tibial Osteotomy Total 
Knee Arthroplasty

Ashish Jaiman and S. K. S. Marya

12.1  Introduction

Joint preservation surgeries are in vogue nowa-
days, particularly for young high demand indi-
viduals. Open wedge, valgus producing high 
tibial osteotomy (HTO) for medial compartmen-
tal osteoarthritis (OA) is appreciated in elective 
surgical list more commonly than before. Knee 
surgeons will encounter the follow up of these 
surgeries and the subsequent need of total knee 
arthroplasty (TKA). The surgical skills and indul-
gence required to impeccably execute total knee 
arthroplasty in these cases, is somewhere between 
typical varus primary knee and revision surgery 
for osteolysis. The usual indication of conversion 
of a post-HTO knee to TKA is progression of dis-
ease to tricompartmental OA. Rarely, complica-
tions of HTO surgery, viz. stiffness, osteonecrosis 
of proximal tibia, progression of deformity, and 
nonunion of the osteotomy site are also dealt by 
conversion to TKA. HTO’s that fail early are usu-
ally more difficult to correct. For the purpose of 
this chapter, we will focus on post-HTO TKA 
indicated because of advancement of disease to 
tricompartmental OA.

In order to repeatedly deliver decent results; it 
is prudent to understand the pathoanatomy of 
“Post-HTO TKR” and correlate it with the steps 
of primary knee.

12.2  Pathoanatomy

Juxta-articular osteotomies change the basic ana-
tomic relationship in the knee region; complicat-
ing deformity correction by TKA.  The goal of 
osteotomy is to make a mechanical axis perpen-
dicular to joint line. As in varus knee, the prob-
lem is usually due to proximal tibia varus; either 
an open wedge (bone building) HTO is done 
medially or a close wedge (bone reduction) HTO 
is done laterally. Overall, the medial plateau is 
bulked up and lateral tibia plateau is at a lower 
level. Both these osteotomies can also lead to 
patella infera (with concomitant loss of knee flex-
ion) and change of posterior tibial slope (most 
worrisome being the reverse tibial slope). 
Relative distalization of the tibial tubercle and 
scarring of the patellar tendon has been given as 
the probable causes of patella infera in open 
wedge and close wedge osteotomies, respec-
tively. Open wedge technique has a further risk of 
nonunion and loss of valgus correction. It would 
be pertinent to mention at this stage that open 
wedge osteotomy was developed to dodge the 
problem of altered anatomy of the proximal tibia, 
which is an inevitable consequence of lateral 
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close wedge osteotomy. However, the results of 
post-open wedge conversion to TKA are not so 
inspiring.

Anatomic axis of tibia (AAT) is a line that 
bisects the medullary canal of tibia, when drawn 
through the proximal tibia it determines the entry 
point for the intramedullary tibial guide. A line 
from this “entry point hole” to center of ankle is 
called as mechanical axis of tibia (MAT). In TKA, 
proximal tibia is cut is perpendicular to MAT. AAT 
and MAT are usually coincident. But in cases of 
extra-articular tibial deformity, they are divergent; 
proximal tibial cut is then preoperatively planned 
to make it perpendicular to MAT.

The closer the extra-articular coronal plane 
deformity is to the knee joint; the difficult it is to 
correct the deformity by bone cuts alone. The 
principle of resecting bone in the range of 
0–2 mm from the more affected side or 8–10 mm 
from the less affected side (whichever is less); if 
applied to a knee that has juxta-articular defor-
mity in proximal fourth of tibia can lead to 
improper bone resections on the other side, 
affecting ligament attachments, affecting sizing 
and seating of implant, difficulty in rotational 
judgement and mega releases to balance the knee.

McPherson’s one-fourth rule clearly states “if 
more than 20° of coronal plane deformity is pres-
ent in proximal fourth of tibia or distal fourth of 
femur; concomitant close wedge osteotomy with 
the use of diaphyseal press fit stem with splines is 
recommended [1].” Defoort and colleagues have 
kept the cutoff for simultaneous osteotomy (open/
closed) and TKA as 15° [2]. These cutoffs are 
tweaked a little for elderly where one-step solu-
tion is usually preferred and constrained knees 
can be implanted without hesitation [3]. This 
aspect is beyond the scope of this chapter, and we 
will focus on deformities post-HTO that can be 
corrected by intra-articular bone cuts.

Various methodologies have been described to 
correct patella infera associated with HTO, at the 
time of TKA. Superior placement of the patellar 
component is the easiest method used for mild 
cases; simultaneous trimming of the inferior 
bone is done to avoid flexion impingement and 
patellar clunk (in posterior stabilized knees). 
Proximal placement of tibial tubercle after tibial 
tubercle osteotomy (TTO) and lowering the joint 

line by using distal femoral augments and lower-
ing the tibial cut have also been described. But, 
lest we forget that tibial tubercle transfer has an 
inherent risk of nonunion and extensor lag. And 
also, lowering the joint line requires a revision 
knee system. Moreover, deeper the tibial cut, 
weaker is the metaphyseal bone. The last treat-
ment, patellectomy is reserved for severe cases.

12.3  Preoperative Evaluation

Surgeon must be able to reach a diagnosis of pro-
gression of OA and ensure that all conservative 
means have proved insufficient for pain relief; 
only then, secondary TKA shall be planed. All 
events must be dug to eliminate remote or active 
infection in the knee. This is the first and the fore-
most point to be ruled out by history, examina-
tion, imaging, and hematological tests. 
Microbiologist opinion must be sought in case of 
indecision. Low threshold for preoperative aspi-
ration and intraoperative Gram stain and frozen 
section must be maintained.

Attention shall then be towards knee range of 
motion (ROM), ligament stability, and gait analy-
sis. Preoperative knee ROM has a prognostic sig-
nificance; patients with decreased ROM shall be 
warned of decreased postoperative ROM. Special 
attention must be given to extensor lag and flexion 
deformity. The importance of ligament integrity is 
more in cases of open wedge HTO; as frequently, 
superficial medial collateral ligament had been 
elevated from the proximal tibia at the time of 
index surgery. It is a good idea to document it 
objectively and get stress radiographs. Gait analy-
sis to look for “varus or valgus thrust” and keeping 
higher constraint implants in the armamentarium 
in presence of “thrust gait” has the potential to be 
appreciated in difficult times. Gait must also be 
assessed for foot progression angle; if normal, it 
rules out rotational juxta- articular deformity.

A formal assessment of preexisting scar is 
essential before contemplating TKA in these 
cases. Prima facie the scar must be mature and 
free of the underlying soft tissues. A vertical scar 
can be incorporated in an incision for TKA, keep-
ing in mind that “deep fascia deep” thick flaps 
must be raised. In cases of multiple longitudinal 
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incisions; the most lateral or the most recent one 
can be utilized. If the lateral incision is quite lat-
eral, then a medial incision, keeping at least 4 
fingerbreadth distance between the two, can be 
used. A sham incision technique can also be used 
in this particular situation [3]. A horizontal scar 
must be crossed at right angles; and, never <60°. 
A bureaucratic approach would be to mark 
 previous incisions with a marker pen, this helps 
surgeon in contemplating the new incision. 
Practically, the four most common situations that 
we encounter are inverted L-shaped incision or a 
lazy S-shaped incision on the lateral side for lat-
eral close wedge osteotomy, a longitudinal 
medial incision, or an oblique incision over pes 
anserine for medial open wedge osteotomy. The 
longitudinal limb of inverted L-shaped incision 
can be very well utilized in the anterior longitudi-
nal incision for TKA, provided a perpendicular 
angle is maintained between anterior knee inci-

sion and transverse part of “L.” Lazy S-shaped 
incision can be utilized in toto, care must be taken 
to develop thick flaps. Medial longitudinal inci-
sion can be utilized as a continuation of anterior 
knee incision and medial oblique incision can be 
safely circumvented by keeping an angle more 
than 60° from the anterior knee incision. 
Hesitancy in decision-making on incision war-
rants an outlook by a plastic surgeon.

Both knees AP standing and lateral views 
must be done in the preoperative phase; as we do 
for all TKA cases. In Post-HTO situation, non-
union must be ruled out by these X-rays. 
Additionally, skyline views, varus valgus stress 
X-rays, and full-length standing true AP scano-
gram and full-length true lateral view are required 
to assess patellofemoral maltracking, ligament 
incompetency, MAT and its relationship with 
AAT and posterior tibial slope, respectively 
(Figs.  12.1 and 12.2). In cases of thrust gait, 

Fig. 12.1 Appreciate lateral metaphyseal bone deficiency and nearness of fibular head to joint line (courtesy permis-
sion from Marya SKS, Rastogi S. Complex Primary Total Knee Arthroplasty. Thieme NY. 2019)
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single- leg standing AP radiographs are recom-
mended. Many a time, the stretching out of liga-
ment on the convex side is revealed by single leg 
stance view and one must keep constraint 
implants in store to bail out in challenging cir-
cumstances. A 10° posterior tilt AP X-ray to 
assess proximal tibia bone stock has been recom-
mended by some authors [4].

The practice of preoperative templating acts 
as an asset for surgeons; more so in cases of 
“post-HTO TKA” as it gives an idea of proximal 
tibial bone resection level and slope. Moreover, 
the requirement of augments, offset keel, diaphy-
seal stem, or custom-made prosthesis is also 
revealed by preoperative templating. The possi-
bility of correcting grotesque deformities by 
intra-articular correction alone can also be appre-
ciated by preoperative long limb X-rays. If a line 

drawn along the anatomic axis of the tibia does 
not pass through the tibial condyle; that defor-
mity cannot be corrected by intraoperative steps 
alone [5].

Low profile implants that had been used to fix 
HTO are frequently not disturbed as they do not 
interfere with tibial total knee implant; however, 
bulkier implants might require complete or par-
tial removal. Only those screws hindering with 
tibial tray are removed, leaving distal screws in 
situ; this decreases the soft tissue dissection and 
avoids creation of stress risers from empty screw 
holes. This can very well be appreciated by pre-
operative templating. The need of keeping 
implant removal sets and metal cutting burr must 
be valued. The decision for one stage surgery of 
implant removal and simultaneous TKA or two 
stage surgery of implant removal with subse-
quent TKA in second stage after 6–12 weeks is 
determined by soft tissue feasibility and the sus-
picion of infection. Whatever the case, surgeon 
must not forget to take intraoperative deep cul-
tures in presence of previous implant.

To not to complicate matters further, authors 
consider cruciate substituting design implanted 
with measured resection method for these cases. 
It is difficult to balance a PCL retained knee in 
complex situations particularly in upsloping tib-
ias [3]. Moreover, PS designs accept 0° slope and 
the chances of increased flexion space is not fur-
ther enhanced.

12.4  Procedure

12.4.1  Exposure

Once a decision for single stage TKA has been 
taken, surgery is accomplished with standard 
TKA protocols and set up. Authors prefer the 
humble medial parapatellar approach. But, 
sometimes previous lateral incisions dictate lat-
eral parapatellar approach often with tibial 
tubercle osteotomy. Valgus overcorrection as 
approval for lateral parapatellar approach has 
been recommended by a few authors [6]. One 
has to be  cautious at the time of medial release, 
particularly if medial open wedge osteotomy has 

Fig. 12.2 Recognize patella infera and abolition of natu-
ral tibial slope in post-HTO knee (courtesy permission 
from Marya SKS, Rastogi S.  Complex Primary Total 
Knee Arthroplasty. Thieme NY. 2019)
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been done. Scarring at the level of joint line is a 
frequent finding and the desire to use a knife for 
medial release must be suppressed and a more 
modest way of gradual subperiosteal elevation 
must be utilized. Extraordinary care must be 
given to prevent patellar tendon avulsion as 
patella infera and preexisting stiff knee, makes 
the exposure difficult. Taking a long proximal 
incision with longer than usual quadriceps ten-
don incision, unscarring the gutters (particularly 
lateral) and infrapatellar region adequately, use 
of a pin over patellar tendon insertion and lateral 
subluxation of patella rather than eversion are 
few such steps. “Femur first” technique and use 
of a long and deep tibial tubercle osteotomy are 
also used sometimes to enhance the exposure 
and prevent patellar tendon avulsion. TTO must 
be at least 6 cm in length, deep enough to expose 
proximal tibia cancellous bone and must be fixed 
by two screws. This is vital to prevent TTO 
related complications, viz. proximal migration, 
avulsion, and nonunion. Quadriceps snip or V-Y 
turn down is used by a few surgeons as an alter-
native to TTO.

12.4.2  Proximal Tibial Cut

After satisfactory exposure, the next step is place-
ment of tibial jig. Owing to epimetaphyseal 
deformity in proximal tibia, extramedullary jigs 
are preferred. Proximally, the medial third of the 
tubercle and tibial spines guide the placement 
and distally it is aligned with the center of the 
ankle along the line of second toe. Then comes 
the most important step; the tibial resection level. 
A relatively beefed up medial tibial plateau and a 
subtracted lateral tibial plateau prohibits the 
usage of the traditional technique of resecting 
8–10 mm from lateral tibial plateau (in a varus 
knee); as the basis of this cut—the anatomy of 
proximal tibia, has been disturbed. Authors of 
this chapter keep it simple, i.e., just skimming of 
the saw on lateral tibial condyle. Up to 8 mm of 
joint line alteration is considered acceptable [1]. 
A slightly conservative tibial resection is per-
formed in lax knees. As authors use a posterior 

stabilized (PS) design, they aim for 0° posterior 
slope (Fig. 12.3).

Different authors have different views on cor-
onal plane tibial resection level; William L. Healy 
and John F. Tilzey recommend a tangential cut of 
the bone from lateral tibial plateau, in cases of 
conversion of close wedge HTO to TKA.  The 
logic being “bone reduction has already hap-
pened in the lateral column of proximal tibia,” so, 
cut must be kept to the minimum on the lateral 
side [4]. This view has been supported by William 
M. Mihalko too [7]. He has gone a step ahead and 
has recommended that tibial resection level must 
be referenced off the intact medial compartment, 
this might leave a defect on the lateral side that 
can be filled artificially. This belief has also been 
buoyed by Defoort and colleagues [2]. Richard D 
Scott limits the amount of medial resection to 
4 mm [3]. The need for lateral tibial augment can 
be minimized by using one size smaller tibia and 

Fig. 12.3 Tibial tray at 0° slope (courtesy permission 
from Marya SKS, Rastogi S.  Complex Primary Total 
Knee Arthroplasty. Thieme NY. 2019)
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medializing it within the limits of medial cortical 
rim [3]. Demey and colleagues have abridged 
their approach and recommend 6 mm from lat-
eral tibial plateau for varus knee and 6 mm from 
medial tibial condyle in case of a valgus knee [6].

12.4.3  Ligament Balancing

The usual protocol of varus and valgus releases 
are followed in this situation too. Authors fre-
quently use the flexion spacer block to determine 
the amount of posterior tibial resection after bal-
ancing the knee in extension. Vernier caliper is 
then used to measure the anteroposterior and 
mediolateral diameter of femur and replicate it 
with the appropriately sized femur. This, how-
ever, necessitates the use of a system that has 
numerous femoral size options with many per-
mutations and combinations possible. Sometimes, 
this technique might get the femoral implant in 
some amount of internal rotation; but, this is not 
considered disastrous, if other measures, viz. lat-
eral placement of the femoral component, genu-
ine lateral retinacular release, and superomedial 
placement of patellar peg has been employed to 
achieve normal patellar femoral kinematics [3]. 
In cases of mega releases or persistent instability; 
surgeon must not vacillate in the use of constraint 
implants or adding ligament retensioning proce-
dures. Sometimes, in cases of pre-TKA reverse 
tibial slope; surgeon might get a large flexion 
gap. Oversizing the femur, practice of posterior 
augments and use of latest implants that give 
choice between mediolateral dimensions of fem-
oral implant for a given anteroposterior dimen-
sion can be applied. This can avoid mediolateral 
overhang despite increasing the femoral compo-
nent size anteroposteriorly. Another method for 
balancing this knee is to cut more distal femur 
and then deal as a symmetric gap balancing case. 
But, this might proximalize the joint line and in 
the presence of patella infera; this can be detri-
mental to postoperative knee ROM. On the same 
lines, preoperative FFD must not be dealt with 
increased distal femur resection (in presence of 
patella infera) and the technique of removal of 

posterior osteophytes and release of posterior 
capsule from femur and tibia must be utilized to 
its best possible extent. Sometimes, in presence 
of sagittal plane deformity; unbalanced knee is 
desirable. For example, a flexed tibia at osteot-
omy site demands gap management to allow 
hyperextension at knee. In case of recurvatum 
deformity at the tibial osteotomy site, tightening 
the extension gap is required [3].

12.4.4  Proximal Tibial Preparation

Sclerotic proximal tibial bone that is prone to 
fracture has been reported by some authors [4]. 
Care must be taken at the time of keel and fins 
preparation, authors do not hesitate in using a 
drill to weaken the sclerotic bone before impact-
ing the keel and fin preparation instrument. If 
cementation is an issue because of sclerotic lat-
eral bone; stem is always an option.

In cases of post-open wedge HTO, it is con-
sidered wise to bypass the osteotomy site by the 
use of a long diaphyseal stem, particularly if 
bone graft substitutes have been used in the key 
surgery. The diaphyseal stem must reach 2 corti-
cal diameters distal to the last screw of plate.

Although this the not the case in close wedge 
conversion, where routine implant usually suffice 
the stability criteria. But, we must be aware of the 
fact that proximal tibial reduction osteotomy has 
altered the normal metaphyseal anatomy and 
center of tibial plateau and center of diaphysis are 
not in straight line (Fig. 12.4). The utility of off-
set tibial stems cannot be overemphasized. 
Authors usually avoid usage of infrequently used 
implants and tend to keep tibial tray flush with 
the medial surface rather than keeping it flush 
with the resected lateral tibial surface. This might 
sometimes force the authors to use a shade 
smaller tibial tray; and here lies the importance of 
using a system that can provide tibial trays in 
1 mm increments. Drastic steps like use of right- 
sided tibia for left side (in implant systems that 
provide side-specific tibia) have also been recom-
mended by a few to bypass this problem [2]. But, 
this must not be an on-table decision; decision 
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must be made at the time of templating along 
with real-time on-table assessment. A more com-
plicated way of inducing slight valgus in proxi-
mal tibial cut and corresponding less valgus in 
distal femur cut has also been described by some 
authors. This practically tilts the tibial tray into 
valgus and its keel away from the lateral tibial 
cortex [3].

Rotation of tibial implant is also determined at 
this stage. Some amount of juxta-articular rota-
tional mismatch can be compensated by tibial 
tray placement by downsizing it and rotating it 
internally or externally within the combined pre-

view of medial third of tibial tuberosity, anterior 
tibial rim, second toe, tibialis anterior tendon, 
and femoral box location. For larger corrections, 
TTO is performed. It has been the authors experi-
ence that even in cases where there is no preop-
erative rotational mismatch (normal foot 
progression angle); the scarring of the patellar 
tendon to proximal tibia forces the handle of the 
tibial tray preparation instrument internally; sur-
geon must be aware of this point and must take 
due precautions.

12.4.5  Patellar Preparation

As stated before, for mild cases of patella infera, 
a superiorly placed patellar implant with trim-
ming of the inferior bone is all that is required. 
Restoration of patellar height within 2  mm of 
original thickness is tolerable; authors choose 
one size smaller and thinner patellar implant in 
order to place it superiorly and medially. Slight 
medial placement of the patellar peg is beneficial 
in achieving reasonable patellofemoral tracking. 
Using an implant system that has a smooth notch 
anteriorly (to accommodate the patellar tendon) 
is also an easy option. In severe cases, tinkering 
with the joint line by the use of distal femoral 
metal augments along with slightly increased 
tibial resection (not more than 5 mm) or proxi-
malizing tibial tubercle osteotomy is required. 
Distalizing the joint line and proximalizing the 
tibial tubercle are not innocuous steps. Need for a 
femoral stem, distal femoral augments, putting 
tibial tray on a weaker bone and nonunion and 
proximal migration of the iatrogenic fracture 
with associated extensor lag are the reported 
technical hitches (respectively) of these proce-
dures. Distalization of the joint line has not been 
recommended by some as it creates a nonphysi-
ological situation and has the potential to alter the 
knee kinematics [2]. To complete the theory, pat-
ellectomy is also mentioned as one treatment 
option for patella infera. Patellectomy edicts use 
of cruciate substituting design.

Patellar maltracking can be comfortably dis-
pensed by “inside-out “lateral retinacular release.

Fig. 12.4 Eccentricity of tibial keel being closer to lat-
eral tibial cortex due to medial translation of tibial shaft. 
Closeness of patella and tibial insert is also noticeable
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12.4.6  Closure

As some amount of patellar height issues remain 
with this surgery; there is no harm in placing 
sutures across the arthrotomy in a flexed knee, 
obliquely from proximal-medial to distal-lateral 
and give some mechanical advantage to vastus 
medialis obliquus [1, 8] This also pulls the patella 
somewhat proximally [3]. For prognosis pur-
poses; gravity-assisted intraoperative flexion 
after closure must be documented and preferably 
clicked. It has been the senior author’s (SKSM) 
experience that patient gets immense boost to 
achieve intraoperative flexion, once he/she appre-
ciates his/her intraoperative flexion range. If oste-
otomy fixation implants have been removed in 
the same sitting and tibialis anterior muscle has 
been elevated for this purpose; a drain can be 
inoffensively put for 24 h.

12.4.7  Postoperative Rehabilitation

A cautious approach for knee ROM is taken only 
for cases in which tibial tubercle osteotomy has 
been performed. On table evaluation of stable 
knee ROM in relation to TTO, dictates the post-
 op knee ROM. Usually, 0–60° ROM is allowed 
till 4  weeks, gradually increasing to 90° at 
6–8  weeks. If no TTO related complication is 
seen, unrestricted knee ROM is allowed.

If large flaps have been raised; immobilizing 
the knee for 1 or 2 days is usually commended by 
the plastic surgeons. Authors do not recommend 
routine use of CPM in these knees; except for the 
cases that had been immobilized for more than 
2 days because of flap issues.

Post-HTO TKA’s are prone to flexion contrac-
ture; simple steps like keeping pillow beneath the 
ankles and not beneath the knees in the postop-
erative period and use of footwear only on the 
other limb have great potential in maintaining the 
intraoperative good result. Use of footwear only 
on the other limb practically shortens the oper-
ated limb and while walking patient is forced to 
extend the operated knee, thereby preventing 
flexion contracture.

12.5  Discussion

Post-HTO TKA is not a frequent surgery. The 
spectrum of this disease varies from simple bal-
anced knees with minimal metadiaphyseal 
malalignment to grotesque looking X-rays with 
ligament instability. And, this is the reason for 
varied results in outcome studies.

Skin viability issues, difficulty in exposure, 
patella infera, male gender, young age, obesity, 
ligament laxity, and post-HTO limb malalign-
ment has been shown to be associated with poor 
results.

We compared different studies on this topic; 
the summary of the comparison is in Table 12.1: 
van Raaij et al. in 2009 published their systematic 
review of non-randomized studies to analyze the 
effect of high tibial osteotomy on total knee 
arthroplasty. Seventeen relevant studies pub-
lished up to September 2007 met the inclusion 
criteria. They accepted that the quality of evi-
dence was low; but, suggested suggests that oste-
otomy does not compromise subsequent knee 
replacement [37]. Ramappa et  al. analyzed 11 
studies including 2170 TKA procedures for sys-
tematic review published in 2013. They identified 
paucity in prospective and long-term studies; but, 
concluded “previous HTO does not negatively 
influence a future TKA, though the conversion 
process of HTO to TKA is technically challeng-
ing [38].” In 2016, Han et  al. published their 
objective analysis of total knee arthroplasty 
(TKA) outcomes following previous knee oste-
otomy (medial opening wedge vs. lateral closing 
wedge). Ten studies were included; 8 were level 
IV, 2 were level III.  Their review suggests that 
“TKA after medial opening and lateral closing 
wedge HTO showed similar performance. 
Clinical and radiologic outcome including revi-
sion rates were not statistically different. There 
were more surgical technical concerns in TKA 
conversion from lateral closing wedge HTO than 
from the medial opening wedge HTO group” 
[39]. Rodriguez-Merchan EC in 2018, evaluated 
the literature to answer “Does a previous (HTO) 
influence the long-term function or survival of a 
TKA?”. Nineteen studies were assessed, most of 
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them were level IV studies, and overall it was low 
grade of evidence. The review suggested that 
“previous HTO does not influence the function or 
survival of a TKA in the long-term” [40].

Lee et  al. in 2019 conducted a systematic 
review and meta-analysis to find effectiveness of 
post-Uni and post-HTO TKA. Nineteen articles 
were studied. There was no difference in clinical 
outcome of post-Uni or post-HTO TKA.  They 
determined “conversion TKA after UKA required 
more revision components and thicker polyethyl-
ene, while conversion TKA after HTO sometimes 
required a stem to bypass the osteotomy gap” 
[41]. Seo et al. in 2019 reviewed 15 studies that 
evaluated pain and function scores, range of 
motion (ROM), operation time, Insall-Salvati 
index, complications, and survival rates in post- 
HTO TKA patients or with primary TKA with 
short- to midterm (<10  years) or long-term 
(>10 years) follow-up. Their meta-analysis sug-
gested, “a previous HTO affected ROM or sur-
vival of TKA in the long-term even though both 
groups have equivalent clinical outcomes and 
complications” [42]. Sun et al. searched literature 
up to 10 January 2019 and compared the clinical 
and radiographic outcomes of post-HTO TKA 
versus primary TKA. Longer operative time and 
higher infection rate were associated with post- 
HTO TKA.  They could conclude “post HTO 
TKAs have similar 10-year survival rate, KSS, 
extension angle and radiographic results when 
compared to patients who undergo primary TKA, 
however, post HTO TKA has poorer flexion 
angle” [43].

We can very well conclude that there is pau-
city of long-term and prospective studies for 
post-HTO TKAs; particularly for the recent fad 
“open wedge high tibial osteotomy.”

12.6  Summary

Post-HTO TKA requires significant expertise. 
The on-table dynamicity in the decision-making 
process, mandates its execution by a well-read 
surgeon. Attention to details at every level, his-
tory taking, examination, radiograph interpreta-
tion, preoperative planning, and execution of the 

plan is essential for the success of this surgery. 
Keeping increasing level of constraint implant in 
the armory can save a day. Despite your best 
efforts; in a complex case, results are not so 
gratifying.
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13.1  Introduction

Stress fracture of the proximal tibia in osteoar-
throsis of the knee is rare but potentially difficult 
to treat. Recent evidence shows that conservative 
treatment which is useful for most other stress 
fractures does not give good results in presence 
of Osteoarthritis (OA) with coronal plane defor-
mities. Total knee arthroplasty (TKA) with long 
stem is a promising option to treat OA and frac-
ture simultaneously, but it is a demanding and 
complex procedure. This chapter outlines the 
treatment options for the same, along with 
detailed surgical techniques to deal with different 
scenarios encountered in arthroplasty practice.

13.2  Pathophysiology

A partial or complete fracture due to repetitive, 
subthreshold levels of stress in which the bone 
is not able to withstand and is not associated 
with violent trauma is defined as a stress frac-
ture [1, 2]. This stress causes accelerated bone 

remodeling with microfractures. The bone does 
not get enough time to heal causing the bone 
stress injury, eventually resulting in fatigue 
fracture [3, 4]. Fatigue fractures happen in the 
normal bone under abnormally high stress on 
the bone. It is commonly seen in young runners 
and sport trainees and newly joined military 
trainees [1]. Insufficiency fractures are seen in 
normal stress in abnormal or poor bone condi-
tions like osteoporosis, osteoarthritis, Paget’s 
disease, infection, and metabolic diseases like 
hyperparathyroidism [5].

The stress fracture differs from other types of 
fractures therein in most cases, no acute trau-
matic event precedes the symptoms. Normal 
bone remodeling occurs secondary to an increase 
in compressive and tensile loads or increased 
load frequency. In the normal physiologic 
response, minor micro damage to the bone 
occurs. This is repaired through remodeling. 
Stress fractures occur when extensive micro 
damage occurs before the bone can be adequately 
remodeled [6, 7]. In elder patients, the genu val-
gum or varum shift the mechanical axis, causing 
undue stress and loading on a lateral and medial 
side of the tibia, respectively (Fig.  13.1). On 
walking, this causes repetitive stress which is 
compounded with sagittal plane deformities and 
underlying osteoporosis causes a stress fracture 
in the proximal tibia [8]. Stress fractures can 
occur in cases without osteoporosis too [5, 8].
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13.3  Presentation

Patients with stress fracture present with insidi-
ous onset of pain with activity or pain within the 
affected extremity with walking. History may 
reveal a trivial trauma in some cases, but in most 
cases, there is no history of trauma preceding the 
pain. The pain subsides at rest, but symptoms 
return when the patient resumes the first activity. 
Tenderness at the proximal tibia is almost always 

present. Swelling and redness can also accom-
pany. Early diagnosis is typically supported by 
clinical findings, and a few weeks could also be 
required before the fracture site or callus forma-
tion is visible on radiography. Sudden aggrava-
tion of the long-standing pain of knee 
osteoarthritis is a common complaint. Difficulty 
in weight-bearing or inability to walk on the 
affected limb can be present. Frank abnormal 
mobility and angulation at the fracture site can be 
present in case of complete fractures. Many 
times, there is a time delay in diagnosing these 
fractures. Various reasons for the delay in diagno-
sis are lack of suspicion, ignoring pain and ten-
derness over the proximal tibia, sudden worsening 
of arthritis attributed to degenerative meniscal 
tear or dislodged loose body, and not ordering 
full-length radiographs [9]. These fractures 
should be diagnosed early to prevent further 
complications like nonunion, which will require 
more complex treatment.

13.4  Risk Factors

Low serum levels of vitamin D (<30 ng/mL) and 
female sex are risk factors for a stress fracture in 
the case of OA [5]. Old age, postmenopausal 
estrogen deficiency, inflammatory arthropathies 
like rheumatoid arthritis, gout, pseudogout; 
hypermetabolic conditions of bone like Paget’s 
disease [10–14], after total or partial knee arthro-
plasties [15–17] are other reported risk factors. 
With more severe varus or valgus deformity when 
combined with poor bone strength and increased 
demand by the patient, the risk of stress fracture 
increases.

13.5  Differential Diagnosis

Acute degenerative meniscal tears have a similar 
presentation and quite common in patients hav-
ing osteoarthritis. But the tenderness in meniscal 
tear will be more centered on the joint line, while 
in stress fracture it will be on the bone. Acute 
fracture of osteophyte, loose body impingement, 
exacerbation of undiagnosed inflammatory 

a b

Fig. 13.1 Coronal plane deformities due to osteoarthritis 
causes a shift of the mechanical axis away from the joint. 
Thereby causing abnormal stress concentration at the lat-
eral aspect of tibia and fibula in valgus deformities (a) and 
medial side of the tibia in varus deformities (b), respec-
tively. Repeated loading leads to a stress fracture, and 
once fractured there are high chances of nonunion and 
malunion due to the abnormal load concentration
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arthritis, and joint infection, all should be consid-
ered and ruled out. Bruising of skin favors more 
commonly a traumatic fracture.

13.6  Preoperative Planning

Stress fractures might not show in X-rays during 
the first 2–4 weeks after injury (Fig. 13.2). Early 
X-rays may show a periosteal reaction. Wright 
et al. reported that the MRI is the most sensitive 
and specific imaging test for diagnosing stress 
fractures of the lower extremity [18]. They con-
cluded that when MRI is possible, a bone scan is 
not recommended, due to its low specificity, high 
dosage of radiation, and other limitations. They 
also noted that X-rays will show more false- 
negative results, so normal X-rays do not rule 
out the stress fracture. MRI should be done in 
case of suspicion of a stress fracture is there. 
MRI shows the fracture site more accurately 
along with intraosseous and soft tissue edema. 
Other differential diagnoses like a meniscal tear, 
infection, or any bone tumor are also diagnosed 
by MRI.

13.7  Treatment Options

13.7.1  Nonoperative Treatment

 1. Rest and non-weight-bearing mobilization
 2. Above knee cast/immobilizer

Patients with unicortical undisplaced fractures 
with less severe deformity can be treated with 
nonoperative methods (Figs.  13.2 and 13.3). If 
the impending fracture is identified early it can be 
treated with rest and reduced activities. Three 
cases treated by conservative therapy resulting in 
healing of stress fracture has been reported by 
Satku et al. [19].

But this has not been the experience in many 
patients treated conservatively as subsequently, 
they went for nonunion or pseudoarthrosis with 
persistent malalignment and further worsening 
of the symptoms of osteoarthritis requiring sur-
gery [20, 21]. Malalignment secondary to osteo-
arthritis increases the stress at the fracture site, 
which predisposes to delayed union or nonunion 
[22]. In our institutional experience, four 
patients initially treated with cast immobiliza-
tion subsequently went for nonunion or mal-
union with deformity and they eventually 
underwent long stem TKA, of which, two 
patients requiring plate fixation and bone graft-
ing. Conservative treatment fails in treating 
patients with osteoarthritis with deformity more 
so in patients with bilateral knee deformity with 
arthritis [5]. Pseudoarthrosis is described more 
commonly with stress fractures being diagnosed 
late or treated conservatively and makes defini-
tive treatment even more difficult [20, 21, 23]. 
Moreover, prolonged cast immobilization will 
be associated with morbidity in this age group. 
Long-term immobilization causes knee stiffness 
to worsen and does not resolve the pain and 

a b c

Fig. 13.2 (a) Radiograph of a 56-year male with exacer-
bation of knee pain with moderate OA knee with varus, 
without obvious stress fracture. (b) MRI images taken at 
the same time show stress fracture with surrounding tissue 

edema. The patient was treated with non-weight bearing 
for 6 weeks. (c) X-ray after 6 weeks shows sclerosis at the 
fracture site (white arrows)
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symptoms caused by osteoarthritis [20]. Mullaji 
et al. also showed in their series, that the pres-
ence of deformity at knee level with stress frac-
ture may lead to nonunion [24].

13.7.2  Operative Treatment

Operative treatment options are:

• Total knee arthroplasty
• TKA with stem extender ± plate fixation
• TKR with intra-articular deformity correction
• TKR with extra-articular osteotomy

13.8  Surgical Technique

Treatment should be individualized according to 
the severity of osteoarthritis, bone quality, the 
distance of the fracture from the joint line, union 
status of fracture, other comorbidities, the activ-
ity level of patients, fitness for surgery. 
Preoperative planning is crucial for the success-
ful outcome if surgical treatment is planned. To 
address the fracture and arthritis at the same sur-
gery, required implants should be ready, and pos-

sible difficulties should be anticipated beforehand. 
All routine blood tests along with vitamin D 
level, serum parathyroid hormone level, serum 
calcium and phosphates, and serum albumin are 
mandatory. Any abnormality if found should be 
addressed accordingly. A full-length X-ray of the 
lower limb is essential for preoperative 
planning.

13.8.1  Intra-articular Fracture

For intra-articular fractures, after the exposure, 
the size of the defect in the tibial plateau is 
assessed. Small defects can be addressed with 
lateralization of tibial component in case of 
medial tibial fracture and screw with cement aug-
mentation. Larger defects should be addressed by 
using autograft reconstruction and screw fixation. 
The bone graft can be from the bone from the 
femoral cut or proximal tibial cut or notch cut in 
case of a posterior stabilized knee. Medial tibial 
full wedge or a metaphyseal sleeve can also be 
used in large defects involving >40% of the 
medial condyle. A long uncemented stem or short 
cemented stem has to be used to bypass the frac-
ture site from the shear stress (Fig. 13.4).

a b c d

Fig. 13.3 A case of 81-year female with unicortical 
undisplaced stress fracture of proximal tibia with OA knee 
with varus deformity. Patient was treated first conserva-
tively with non-weight bearing and immobilization. TKA 

was done after the fracture united after 6  weeks. (a) 
Preoperative radiograph, (b) Postoperative radiograph, (c) 
Preoperative full-length lower limb radiograph, (d) 
Postoperative full-length lower limb radiograph
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13.8.2  Extra-articular Fracture

These fractures can be divided into:

 1. Acute stable fractures
 2. Acute unstable fractures
 3. Nonunion
 4. Malunion

In case of stable fractures if reduction and 
alignment are maintained easily during the sur-
gery, then reaming of the medullary canal of the 
tibia is done and TKA is done using a long stem 
(Fig. 13.5).

In the case of acute unstable fractures in 
which alignment and fracture reduction are not 
maintained, the fracture is fixed with a small 
locking plate with unicortical screws. Bone cuts 
and balancing of the knee are done. During tibial 
preparation careful reaming of the tibial medul-
lary canal is done and appropriate stem size and 
length is chosen to provide a distal press fit for 
the stem. TKA with tibial stem extension is done. 
If the stem is providing adequate stability to the 
fracture, the plate can be removed after comple-

tion of TKA, or it can be left in situ or changed to 
a bicortical fixation (Fig. 13.6).

For nonunion of the stress fracture, first, the 
fracture ends should be freshened and the fracture 
should be reduced and brought to proper align-
ment. Fracture is fixed with a small size plate with 
unicortical screws temporarily to hold the reduc-
tion. Total knee arthroplasty with long stem is 
done. After that, the small plate is either removed 
if the stem fixation is stable distally both axially 
and rotationally or is exchanged with a longer 
plate with bicortical screws, especially in patients 
with gross osteoporosis. Cancellous bone grafts 
are added to the fracture site taken from the TKR 
bone cuts (Figs. 13.7, 13.8, and 13.9).

Malunions with extra-articular angulations 
in the coronal or sagittal plane are divided by 
Wang et al. [25] into >30° deformity and ≤30° 
deformities (Fig. 13.10). In his study, they con-
cluded that for ≤30° extra-articular angulation 
TKA with intra-articular correction of the align-
ment will be sufficient. Malunions >30° are to 
be corrected by extra-articular osteotomy and 
fixation. On preoperative X-rays, if the mechan-
ical axis of tibia distal to the fracture passes 

a b

Fig. 13.4 A 60-year-old female with an intra-articular 
stress fracture of the medial plateau of the right tibia, 
treated with TKA. Medial plateau bone defect was recon-
structed with autologous bone and fixed with screws. An 

uncemented stem was used to bypass the shear stress from 
the fracture site. (a) Preoperative radiographs and (b) 
Postoperative radiographs
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within the tibial condyles, restoration of align-
ment is possible by  intra- articular correction 
alone. Generally, less severe deformities that 
are nearer to the joint, are easily addressed with 
intra-articular correction. Care has to be taken 
that intra-articular resection of bone to correct 
alignment, should not conflict with the ligament 
balancing. Use of constrained implants becomes 
necessary if ligament balancing is not optimal. 

Computer-assisted navigation is useful for the 
intraoperative assessment of the limb alignment 
and performing the accurate tibial cut 
(Figs. 13.11, 13.12, 13.13, and 13.14) [5, 25].

Malunions with >30° of angulation will require 
osteotomy of the fracture site and extra- articular 
correction. This is a technically demanding proce-
dure and failure of osteotomy union will lead to 
poor outcomes of TKA.  Fixation of osteotomy 

a b c

Fig. 13.5 A 54-year-old obese female (BMI 35) with 
osteoarthrosis left knee with a stress fracture of proximal 
tibia treated with acute TKA with a long uncemented 
stem. Callus formation and fracture healing visible in 

6  month X-ray. (a) Preoperative radiographs, (b) 
Postoperative radiographs, (c) Radiographs at 6  month 
follow up

a b c

Fig. 13.6 A transverse metaphyseal stress fracture in a 
64-year-old female with osteoarthrosis of the right knee 
was treated with acute TKA with a long stem, and plate 
fixation. During surgery, the fracture was found to be 
unstable and a plate with unicortical locking screws was 
applied on the lateral cortex for stabilizing the fracture. 

Then TKA was done with standard jigs and the tibial 
canal was reamed for an uncemented stem. TKA with a 
long stem was done and the plate was retained for better 
rotational stability in osteoporotic bone. (a) Preoperative 
radiographs. (b) Intraoperative image showing placement 
of locking plate. (c) Postoperative radiographs
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a b c d

Fig. 13.7 A 60-year-old female with severe varus defor-
mity and nonunion of stress fracture treated with TKA with 
long stem and plating of the fracture site. First, the fracture 
site was freshened and stabilized with a small plate with 
unicortical screws, followed by TKA with BrainLab navi-
gation assisted technique. The fracture was spanned with a 

long stem. Then the plate was removed and exchanged with 
a long plate with bicortical screws and cancellous bone 
grafting (a) Preoperative radiograph. (b) Intraoperative 
image showing computer-assisted navigation system and 
plate fixation at the end of the procedure. (c) Postoperative 
radiograph. (d) Radiographs at 8 year follow up

a b

Fig. 13.8 Pre- and postoperative long leg alignment radiographs of the same patient in Fig. 13.7. (a) Preoperative 
radiographs. (b) Postoperative radiograph
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with an extramedullary implant may be needed, 
bone grafting can also be done (Figs. 13.13 and 
13.15a, b) [5, 25, 26].

For using a long tibial stem, the tibia canal 
has to be reamed. A longer cortical contact is 
necessary to provide varus-valgus and antero-
posterior stability. Smooth stems do not provide 
rotatory stability, so patterns over the stem-like 
flutes or elevation are required to provide rota-
tory stability.

While cementing, care has to be taken not to 
introduce cement in the fracture site, which may 
hinder the union. Proximal only (hybrid) cement-
ing will provide greater initial stability in the case 
of distal fractures. If enough hold is not possible 
in the diaphysis then the construct has to be aug-
mented with extramedullary implant.

The stem has to be press-fit and hence sequen-
tial reaming and choosing an appropriate diame-
ter of the stem is necessary. Care should be taken 
to prevent notching of the cortex and intraopera-
tive fracture.

The tibial canal is offset to the center of the 
tibial plateau in an anterior and medial direction. 
An offset stem or a tibial baseplate with offset 
attachment will be necessary if the diaphyseal 
offset is causing lateral or anterior mal placement 
of the tibial tray (Fig. 13.16).

Porous coated stems and more distally 
cemented stems will be difficult to remove in 
case of infection if at all need arises.

13.9  TKA as a Treatment of Stress 
Fracture in OA: A Review 
of Current Literature

Many studies report the successful treatment of 
tibial stress fractures with long stem total knee 
arthroplasty.

From our institution (2018), we reported 20 
patients with OA knee and tibial stress fractures, 
five of which were acute fractures, with a mean 
age was 64 years (range, 52–78), which includes 

a b c d

Fig. 13.9 A case of 59-year-old female with left knee 
osteoarthritis with varus deformity and upper tibial stress 
fracture. She was diabetic and hypertensive. She was 
treated with an above-knee plaster cast for 2  months in 
March 2020, due to fear of exposure to COVID-19 infec-
tion in the hospital. She presented to us late with frank 
abnormal mobility in all planes at the fracture site with 
skin tenting anteriorly at the fracture site with impending 
rupture of skin. She was unable to walk due to nonunion. 
Intraoperatively the fracture ends were freshened and 
were stabilized using a plate. Bone cuts were made and 

the plate was removed after tibial canal preparation. After 
implanting the prosthesis with a long stem, the fracture 
was stable both axially and rotationally. So additional 
plate fixation was not done. Cancellous bone grafts were 
impacted at the fracture site taken from the bone cuts. The 
patient was allowed immediate weight bearing. (a) 
Preoperative radiographs. (b) Image showing pressure 
sore and impending rupture of skin on the anterior aspect 
of proximal leg. (c) Intraoperative image showing bone 
grafting of the fracture site using cancellous autograft. (d) 
Postoperative radiographs
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three men and 17 women. Posttraumatic arthri-
tis, previous high tibial osteotomy, previous frac-
ture of diaphysis, and patients with valgus 
deformity were excluded. All patients were 
treated with posterior stabilized TKA with a 
long stem, of which, four patients had screw 
augmentation for medial tibial bone defect and 
two patients with a malunion underwent correc-
tive osteotomy and plate fixation. Two patients 
had a two-level stress fracture of the tibia in the 
same leg. Mean follow up was 2 year 4 months. 
The mean tibiofemoral angle, Knee Society 
score and functional score improved signifi-
cantly [p < 0.05]. All fractures united at the last 
follow-up. One patient had an infection and 
wound breakdown at 6  months for which 

debridement was done and had a poor functional 
outcome [5].

The update from our institute is that now we 
had the experience of treating 42 patients with 
OA with stress fractures and 1 revision surgery 
with stress fractures in the last 7  years. Out of 
these seven patients who presented with acute 
fractures and were treated conservatively with 
non-weight bearing and/or plaster cast. Two 
patients who had complete fractures malunited 
and subsequently had osteotomy and plating 
along with long stem TKA. Of the remaining five 
patients, three patients who had extra-articular 
deformity underwent TKR after fracture union 
with intra articular correction of coronal plane 
deformity. Two with intra-articular fractures, 
were treated with acute TKA with long stem. Of 
these two patients, one had a large bone defect 
and hence autograft reconstruction of the condy-
lar defect was done. Twenty-two patients had 
extra-articular fracture, treated with long stem 
TKA. One patient had an iatrogenic intraopera-
tive tibial diaphysis fracture while insertion of 
uncemented stem extension, which was fixed 
with bridging locking plate. Offset tibial stem 
was used in one patient. Eight patients had extra- 
articular mal union, four required fracture site 
osteotomy and plating, while two constrained 
implants were used. Five patients presented with 
nonunion, and were treated with long stem TKA 
with bone grafting. Plating was necessary for two 
patients. All fractures united at the final follow 
up. One patient had an infection and wound 
breakdown at 6  months for which debridement 
was done and had a poor functional outcome.

Ng YC et  al. reported two cases in the 
Singapore medical journal, where conservative 
treatment of stress fractures failed and subse-
quently were treated by long stem total knee 
arthroplasty along with corrective osteotomy. 
Both the fractures united with good postoperative 
range of movement of the knee [27].

Dhillon et  al. reported eight knees with 
osteoarthritis and extra-articular tibial stress 
fractures ranging from unicortical stress lesions 
to frankly mobile fractures which were man-
aged by total knee arthroplasty, with mean 
42.25  months follow- up. Mean Knee Society 
Score, and mean functional score improved sig-

a b

Fig. 13.10 Figures taken from the research article of 
Wang and Wang et al. showing diaphyseal line distal to 
the extra-articular deformity if does not go through con-
dyle (a) with usually >30° deformity, extra-articular cor-
rection of deformity in form of osteotomy will be required. 
If the diaphyseal line goes through the condyles (b) with 
<30° deformity, intra-articular correction of deformity 
will be possible
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a b c d

Fig. 13.11 A case of 55-year-old female treated conser-
vatively for stress fracture of proximal tibia with OA knee. 
The fracture was malunited in varus malposition. As the 
deformity was not severe, and the diaphyseal line of tibia 
was passing through the tibial condyles, intra-articular 
correction was done along with TKA. Computer-assisted 

navigation was used. (a) Preoperative radiographs. (b) 
Tibial diaphyseal line passing through tibial condyles. (c) 
Postoperative radiographs showing holes for the naviga-
tion marker pins. Pins were positioned distal to the mal-
union deformity. (d) Postoperative full-length lower limb 
radiograph showing correction of lower limb alignment

a b c d

Fig. 13.12 Same patient described in Fig.  13.11. (a) 
Preoperative varus deformity of left lower limb. (b) 
Preoperative full-length lower limb radiograph. (c) Post- 

operative image showing correction of limb alignment 
after TKA. (d) Postoperative full-length lower limb 
radiograph
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a bFig. 13.13 Malunited 
tibial stress fracture in 
an 80-year-old female 
with varus osteoarthritis 
of knee (a, b)

a b c d

Fig. 13.14 Radiographs and intraoperative images of the 
same patient as Fig.  13.13. (a) Preoperative radiograph 
showing varus malunion of proximal tibia, and the diaphy-
seal line passes through tibial condyles (b) and (c) 
Intraoperative images, showing computer navigation pin 

placement in the condyles in such a manner that it does not 
hinder the insertion of tibial stem extender. (d) Postoperative 
radiograph showing restoration of alignment after TKA. 
Constrained implant was used in this patient as intra articu-
lar correction of varus resulted in bigger lateral gap
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Fig. 13.15 (A) A case of 65-year-old female with varus 
malunion of proximal tibial stress fracture with OA knee 
with varus. (a) Preoperative radiographs. (b) Varus angu-
lation of deformity is 22°. (c) Diaphyseal line of tibia 
passes outside of the tibial condyles. So, TKA with long 
stem combined with opening wedge osteotomy at the mal-
union site was done to achieve extra-articular correction 
of deformity. Osteotomy was fixed using locking plate. (d) 
Radiographs at 2 years follow up showing union of the 
osteotomy site with restored alignment of lower limb. (B) 

A case of 46-year-old female with varus malunion of 
proximal tibial and fibular stress fracture with OA knee 
with varus. (a) Preoperative radiographs. (b) intraopera-
tive X-ray pictures showing level of dome osteotomy at 
the fracture site. (c) Dome osteotomy done and cuts taken 
after stabilizing temporarily with plate. Uncemented stem 
inserted after removing the plate. (d) Intraoperative mea-
surement of alignment using X-rays (e) Postoperative 
X-ray

A

a b c d

a

B

b c

d e
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a b c d

Fig. 13.16 A case of tibia valga with varus OA with 
osteoporosis and proximal tibial stress fracture. A medial 
overhang of the tibial baseplate was avoided by the use of 
an uncemented long stem with offset coupler. (a) 

Preoperative radiograph. (b) Intraoperative image show-
ing offset reaming of tibial intramedullary canal. (c) 
Image of modular tibial stem with offset coupler. (d) 
Postoperative radiograph

nificantly. All eight fractures united; one (plate 
plus stem extender) had wound complications 
and delay in the union [28].

A large series reported by Mullaji et  al. 
included 42 tibial and five fibular stress fractures 
in 34 patients with knee arthritis which were 
radiologically classified into intra-articular mal-
united and ununited fractures, and extra-articular 
impending, acute, united, malunited, and 
ununited fractures (Table 13.1). According to the 
type of fracture, TKA was performed using long 
stem tibial components, metal augments, correc-
tive osteotomy, or as usual. The mean Knee 
Society knee score and functional score improved 
significantly. All fractures united at the last fol-
low- up with no complications [24].

Mittal et al. reported a case series of 11 men 
and 18 women with mean age of 66 years, treated 
with TKA for OA or RA of the knee with tibial 
(n = 31) and femoral (n = 3) stress fractures. Of 
the 31 tibial stress fractures, 26 were varus and 
five valgus deformities. The mean follow-up was 
51 months. The mean tibiofemoral angle improved 
by 20°. The mean Knee Society knee score and 
functional score improved significantly. All frac-
tures were united with no complications [22].

Wengie et al. in 2018 reported 12 patients (12 
knees) (five males seven females with an average 
age of 71.5 years, 8 OA, and 4 RA) with knee 
arthritis and tibial stress fractures treated with 
TKA with a tibial stem. All fractures healed pri-
marily and no complications at a mean follow up 

36.5 months and mean union time was 4 months. 
All indicators were significantly improved post-
operatively (t  =  40.340, P  =  0.000; t  =  32.120, 
P = 0.000; t = 8.728, P = 0.000) [29].

Rashid et  al. in 2018 noted a record of 15 
patients (14 females and one male, mean age 65, 
13 varus, and two valgus) who underwent one- 
stage long stem TKA. The mean follow up was 
26 months and union time was 4.5 months. All 
except one fractures united. One patient needed a 
bone graft [30].

Jabalameli et al’s study reported in 2018 in 
JBJS reported 16 old age patients with proxi-
mal tibial stress fractures and concurrent OA 
treated with TKA using long stem. The Knee 
Society score and functional score averaged 
86 ± 4 and 85 ± 6, respectively. The mean range 
of movement of the knee was 118° ± 2° at the 
latest follow- up. Mean union time was 
8.3 ± 1.1 weeks [31].

Gadhe et  al. in 2019 analyzed 15 patients 
(mean age was 66 years, seven males and eight 
females, mean follow-up 17.2 weeks). Knee flex-
ion improved from a mean of 88° (60–110) to 
122° (100–140). The fixed flexion deformity also 
decreased from a mean of 10° (5–15) to a mean 
of 1° (0–5). The Knee Society score and Knee 
Society functional score had excellent improve-
ments of >80%, all fractures united with a mean 
union time of 10 weeks [32].

Pazhani et  al. reported three patients [33], 
Mirzatoolie et al. [34] reported 11 patients with 
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rheumatoid arthritis with a stress fracture, Moskal 
et  al. reported three cases [26], all treated with 
acute total knee arthroplasty with a long stem, 
having a good result in terms of union and 
function.

13.9.1  Author’s Recommendation: 
Single-Stage TKA 
with a Long Stem

Two-stage procedure like plating initially fol-
lowed by TKA in treating these fatigue fractures 
will cause prolonged treatment and pain, as 
arthritis and malalignment are going to be per-
sisting till the second surgery and this is not an 
appealing option. The one-stage procedure with 
long tibial stem bypassing the fracture site 
addresses both the issues of correcting arthritis 
and malalignment and acts as an in situ splint 
for the fracture. This also requires single anes-
thesia, allows fracture healing because of its 
load sharing by the stem, and aids in quicker 
recovery. For fatigue fracture with nonunion 
and deformity, especially in elderly patients 
with osteoporotic bone, long tibial stem alone 
might not be sufficient. Bone grafting and aug-
mentation with a plate provide rotational stabil-
ity and increase healing potential. Treatment for 
osteoporosis should be started concomitantly.

13.10  Complications

All complications encountered in TKA can be 
encountered during the treatment. Poor bone 
quality, associated fracture angulation, prolonged 
operative time, an extra incision for another 
implant will put these patients at a greater risk of 
complications.

• Periprosthetic fracture: Over reaming can lead 
to fracture of tibia diaphysis (Fig. 13.17).

• Nonunion: The fracture or the osteotomy site 
can go in nonunion and lead to poorer func-
tional outcomes (Fig. 13.18).

• Periprosthetic joint infection.
• Fat embolism syndrome: Reaming of the tibial 

canal can lead to fat embolization in the 
bloodstream.

• Peroneal nerve paralysis: Acute correction of 
severe valgus deformity can cause stretching 
of the nerve.

• Wound complications.
• End of stem pain: Long stem causes a stress 

riser at the end of the stem, which can lead to 
the end of stem pain.

• Proximal stress shielding: In the case of the 
press-fit stem, the load will be transferred to 
the distal cortex, and proximal tibia stress 
shielding occurs. Proximal osteolysis due to 
stress shielding of bone can occur.

a b c d

Fig. 13.17 Iatrogenic tibial diaphyseal fracture due to 
use of press fit uncemented long tibial stem for treatment 
of stress fracture of proximal tibia. (a) Intraoperative 
radiograph of tibia with proximal tibial stress fracture 
bypassed with long uncemented stem trial. (b) and (c) AP 

and lateral view respectively, showing fracture of tibia 
shaft at the tip of the stem. (d) Postoperative radiograph 
after treating the diaphyseal fracture with locking plate 
fixation
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13.11  Summary

Osteoarthritis associated with proximal tibial 
stress fracture and varus deformity adds com-
plexity to the situation. Mild-to-moderate 
osteoarthritis also may present with a stress 
fracture and one should not hesitate to treat 
with a total knee arthroplasty. Bilateral knee 
osteoarthritis, elderly females, obesity, and 
concomitant osteoporosis are the risk factors 
associated with these stress fractures. Thorough 
clinical and laboratory evaluation and careful 
preoperative planning are essential in manag-
ing this complex problem. Conservative treat-
ment with prolonged cast immobilization in 
these patients may lead to pseudoarthrosis 
or nonunion and morbidities associated with 
immobilization.
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Management of Bone Defects 
in Primary Total Knee Arthroplasty

Mrinal Sharma  and Anshu Kumar Anshu

14.1  Introduction

Bone defects encountered in primary total knee 
arthroplasty are commonly observed in severe 
deformities. As the severity of osteoarthritis 
increases, the varus deformity progressively 
causes the bone on the postero-medial aspect of 
tibia to get eburnated creating a bone defect. It is 
usually the opposite in a valgus knee where the 
deforming force causes a progressive wear of the 
lateral femoral condyle and sometimes the 
postero- lateral proximal tibia (contained defect). 
Bone loss observed in primary total knee arthro-
plasty can be due to bone cysts, inflammatory 
arthritis, previous malunited fractures, osteone-
crosis and previous osteotomies. These defects 
are a challenge to the operating surgeon because 
for a prosthesis to be stable and positioned in a 
good coronal alignment, you need a healthy sta-
ble bone bed. Resecting more bone (12  mm 
beyond tibial plateau) is not a favourable option 

as it compromises the attachment of collateral 
ligaments, iliotibial band and patellar tendon. 
Moreover, the quality of bone decreases as we go 
into the metaphysis. There are multiple options to 
address these defects depending upon their size 
and location. The principles guiding the manage-
ment of these bone defects are based upon the 
location, size, depth of defects and percentage 
involvement of bone loss in the tibial or femoral 
condyles. Other considerations taken into account 
while dealing with these bone defects are the 
ligament stability, age, activity and life expec-
tancy of the patient. This chapter deals with the 
intricacies of bone defect management in such a 
complex primary situation.

14.2  Classification

Bone defects can mainly be classified into con-
tained and uncontained (peripheral) defects [1]. 
Contained defects with bone all around can sim-
ply be filled with morselized bone grafts obtained 
from bone chamfers during the process of total 
knee replacement (Fig.  14.1a, b). The uncon-
tained defects are commonly seen in severe varus 
knees on the postero-medial aspect of proximal 
tibia. These are usually addressed depending 
upon their size, depth and percent involvement of 
tibial condyle. In contrast, the defects seen in 
proximal tibia in a valgus knee are centrally 
located (essentially contained). Rand in 1991 
classified the defects based upon the percentage 
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involvement of tibial plateau and depth of defect 
[2] (Table 14.1).

The most useful and frequently used classifi-
cation is the Anderson Orthopedic Research 
Institute (AORI) Classification. This mainly clas-
sifies defects based upon the involvement of 
metaphysis and is subclassified based on single/
both plateau involvement. It is mainly described 
for severity of bone loss in revision knee arthro-
plasty but stands true for bone loss in primary 
situations as well [3] (Table 14.2).

Table 14.1 Rand et al. classification of bone loss in pri-
mary total knee arthroplasty (modified from Rand JA, 
1991)

Type
Single condyle 
involved (%)

Depth of 
defect (mm)

I(a/b) Minimal <50% <5
II(a/b) >50%<70% 5–10
III(a/b) >70%<90% >10
IV(a/b) >90% >10
(a) intact 
peripheral rim
(b) deficient 
peripheral rim

Table 14.2 AORI Classification of bone defects

Defect 
(femoral/
tibial)

Metaphyseal 
involvement Description Component stability Treatment options

Type 1 Intact Minor, contained 
cancellous bone loss 
in either condyle

Not compromised Cement, cancellous graft, 
metal augments

Type 2A Damaged Moderate to severe 
cortico-cancellous 
defect in one condyle

Needs reconstruction Cement with screws, metal 
augments,
Structural graft

Type 2B Damaged Moderate to severe 
cortico-cancellous 
defect in both 
condyles

Needs reconstruction Cement with screws, metal 
augments,
Structural graft

Type 3 Deficient Severe cavitatory and 
segmental bone loss of 
both condyles

Attachment of collaterals 
and patellar tendon may be 
compromised

Trabecular metal cones/
Metaphyseal sleeves, 
structural allograft, modular 
prosthesis

a b

Fig. 14.1 (a) Contained defect in femoral condyle. (b) morselized graft filling the defect
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14.3  Management of Bone 
Defects

The defect can be reduced by the following 
means:
 (a) Lateralizing the tibial component
 (b) Undersizing the tibial component
 (c) Cutting more than usual (8 mm) of proximal 

tibia (maximum acceptable is 12  mm) to 
reduce the defect.

The main options available to reconstruct the 
remaining defect are
 1. Cementoplasty
 2. Cement with screw augmentation
 3. Autograft reconstruction
 4. Impaction bone grafting
 5. Structural Allograft
 6. Metal Augments

Aim:
 1. To build up the defect

 2. Axial implantation in neutral alignment over 
good base of bone

 3. Restoration of joint line
 4. Conserve bone for future revisions

14.4  Pre-Operative Planning

Standard weight bearing anteroposterior (AP) 
X-rays of knee joints are advised. The AP view 
(Fig. 14.2a) shows the defect in the medial proxi-
mal tibia and the amount of varus. The lateral 
view (Fig. 14.2b) helps in delineating the defect 
which is seen as a crater. The radiographs may 
underestimate the size of bone defects and so 
final assessment of bone loss is always done 
intra-operatively. CT Scans may be warranted for 
actual and detailed assessment. An MRI scan 
may be warranted in extreme deformities to 
assess the condition of collateral ligaments. 
During pre-operative clinical examination it is 

a b

Fig. 14.2 (a) Transverse line shows the actual extension of proximal tibia. The femoral condyle has sunk into the 
proximal tibial defect. (b) lateral view of knee joint showing the crater in proximal tibia (marked with an arrow)
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necessary to assess whether the deformity is cor-
rectable or not on a valgus stress and assess the 
amount of fixed flexion deformity.

14.5  Surgical Considerations

After a standard para patellar midline exposure, 
make sure that the initial release of medial soft 
tissue sleeve is done  sequentially and in a stag-
gered way, regularly checking the opening of the 
medial joint space. The proximal tibial cut has to 
be very conservative, may be <8 mm (Fig. 14.3a, 
b). The tibial base plate preparation has to be lat-
eralized as much as possible, without any lateral 
overhang and a reduction osteotomy can be per-
formed (this helps in reducing the size of the 
defect and balancing the varus deformity). 
Another option is to downsize the tibial plate. The 
residual defect is measured and quantified in mm 
and as a percentage of the proximal tibial condyle 
and can be managed in the following manner.
 1. Cementoplasty: for defects <5  mm, simply 

filling the defects with bone cement [4].
 2. Cement and screw augmentation: should be 

used in defects 5 mm deep and <25% of tibial 
condyle. The cement mantle can break under 
load if the thickness is more than 5 mm, so it 
is reinforced with a 3.5 mm cortical screw (it 
is similar to the concrete being reinforced 
using an iron frame).

 3. Bone grafts: Bone grafts are available from the 
cut proximal tibia and distal femur during pri-
mary total knee arthroplasty. They are both 
osteoinductive and osteoconductive. Autografts 

are preferred to fill defects which are >5 mm in 
depth (range 5–25 mm) and 25–40% of cut sur-
face of the tibial condyle [5]. The defect is 
denuded of any residual cartilage and the base 
of defect is drilled with a 2 mm drill to make 
the sclerotic bone to bleed (Fig.  14.3c). This 
helps in graft incorporation. Autograft avail-
able from the cut proximal tibial and distal 
femur is prepared according to the technique 
described by Windsor et al. [6]. Similar tech-
nique has been described by Dorr, Ranawat, 
and Sulco et al. [7]. The bone is placed onto the 
raw defect and stabilised with cortical screws 
(Fig. 14.4a–c). The tibia implant is prepared in 
a standard fashion. A stem extender is recom-
mended to protect the graft if the keel of the 
implant is cutting into the defect (Fig. 14.5c). A 
‘step cut technique’ has also been described 
where the defect is fashioned into a step cut and 
bone graft is fixed using screws as described in 
the previous technique [8]. Autograft is the best 
cost- effective option for such defects as it is 
readily available, preserves bone for future 
revisions and incorporates well. There can be 
multiple reasons for failure of graft incorpora-
tion like varus alignment, avascular host bed, 
incomplete coverage of graft by tibial compo-
nent, inadequate compression at graft bone 
junction and cement interposition between 
proximal tibia and graft causing failure of graft 
to incorporate.

 4. Impaction bone grafting: Lonner initially and 
then Lotke have described the use of  impaction 
bone grafting along with a mesh for use in 
revision total knee replacement [9, 10]. 

a b c d

Fig. 14.3 (a) Postero-medial bone defect. (b) Conservative tibial cut. (c) Drilling of sclerotic bed of bone defect to get 
bleeding bone. (d) Preparation of proximal tibia (the residual defect can be seen which needs to be built up)
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a b c

Fig. 14.4 (a) Postero-medial defect and tibia prepara-
tion. (b) Autograft from the bony cuts are used to fill the 
defect and temporarily secured with k wire. (c) Graft has 

been fixed with screws and fashioned using the technique 
described by Windsor et al

a b

c

Fig. 14.5 (a) Pre-op AP and lateral views of knee show-
ing the defects. (b) Post-op X-rays showing the screws 
holding the autograft in place. (c) Another patient with 

larger defect in the right knee reconstructed with autograft 
fixed with screw and stem extenders used to support a 
large defect

14 Management of Bone Defects in Primary Total Knee Arthroplasty
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Impaction bone graft (auto/allograft) is used 
to fill in large vertically oriented defects mea-
suring >25 mm in depth and involving >40% 
of cut surface of tibial condyle. The defect is 
prepared in a standard way and a v-shaped 
stainless steel mesh (stryker) is fixed with cor-
tical screws to stabilise the mesh (Fig. 14.6a). 
Now the contained defect is filled with mor-
selized autograft obtained from the bone cuts. 
The recommended size of grafts is 5–7  mm 
and they are impacted in a cobblestone man-
ner to obtain stability (Fig.  14.6b, c). This 
construct is always stabilised with a stem on 
the tibial side (Fig. 14.7a, b) [5].

 5. Structural Allograft: The need to use allografts 
rarely arises in primary situations, as auto-
grafts are readily available from the bone cuts 
obtained during primary knee arthroplasty. 

Structural allograft like a femoral head can be 
fashioned to fill the defect in a similar manner 
as described for autografts and stabilised with 
screws or can be mixed with autograft and 
used for impaction bone grafting. The advan-
tages include bone restoration for revisions, 
biocompatibility and low cost. Major disad-
vantages are risk of disease transmission, 
resorption, non-union and late collapse.

 6. Metal Augments: These can be used in place of 
bone graft. Brooks described them to be biome-
chanically equivalent to customised implants [4]. 
These wedge and tibial base plate construct 
behave similar to a customised prosthesis. They 
can be cemented after the tibia is prepared to 
match them. They provide immediate stability 
but do not conserve bone and ideally should be 
augmented with a stem extender. The advantages 

a b c

Fig. 14.6 (a) V-shaped stainless steel mesh being stabilised with two 3.5 mm cortical screws at top and one screw at 
bottom. (b) Cobblestone appearance of impacted autograft. (c) Final implantation

a b

Fig. 14.7 (a, b) Post-op X-rays of knee AP and lateral after impaction grafting
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of the metal augments are that they are available 
in different shapes like wedges, hemi-wedges, 
blocks, full tibial plates and can be customised 
on table according to the defect to be filled. There 
is no need for these to be incorporated into bone 
and carry no risk of collapse or non-union in 
comparison to a bone graft. They can be used to 
fill defects up to 20 mm deep. Their main disad-
vantages are the cost, associated metallosis and 
inability to restore bone stock. Metal augments 
should be preferably used in elderly as revision 
may not be required in the near future (refer to 
Chap. 1).

Recently the focus has shifted towards use of 
tantalum metal augments. Their porosity pro-
vides a scaffolding for the osteoblast mediated 
bone ingrowth and they have a good biocompat-
ibility and low modulus of elasticity. Their use is 
commonly restricted to revision scenario.

14.6  Complications

Commonly seen complications are related to 
graft non-union and failure of graft to incorporate 
and late collapse.

Case discussion: A 70 year old female pre-
sented  with severe varus  in  both knees and 
inability to walk. Radiographs of knee showed 
advanced medial compartment osteoarthritis 
with postero-medial bone defects in tibia. 
Reconstruction was done using a conservative 
tibial cut. Cement with screw augmentation 
sufficed on the right side and left side had to 
be grafted with autografts. Stem extenders 
were used on tibial side on both sides 
(Fig. 14.8).

14.7  Tips and Pearls

 1. Always raw the base of crater to get a bleed-
ing bone.

 2. Morselized graft should be washed with saline 
to remove blood and cartilage should be 
removed.

 3. Preferably use stem extenders to protect the 
bone graft.

 4. Weight bearing should be encouraged soon as 
graft incorporates under load.

 5. There should be no contact between the screw 
(SS) and the tibial base plate (titanium/

a b

Fig. 14.8 (a) Pre-operative standing AP and lateral radiographs of knee. (b) Post-operative radiographs showing 
cement with screw augmentation to fill relatively smaller defect on right side and non-union of bone graft on left side
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CoCR), as it may lead to loosening due to bat-
tery effect.

14.8  Current Concept

Metaphyseal sleeves (commonly used in revision 
situations) may be used in the large bone defects 
as they provide immediate scratch fit in zone 2. 
Such defects are rarely seen in primary total knee 
replacements, but may sometimes be encoun-
tered in post-traumatic situations.

14.9  Discussion

Among the techniques available for filling bone 
defects in primary TKA, autografts are a cost 
effective, readily available and easy to use option 
for large uncontained postero-medial defects in 
tibia. Table 14.3 describes the options available 
for reconstructing the defects according to size 
and involvement of condyles.

Kharbanda and Sharma have reported suc-
cessful outcomes in 54 knees reconstructed 
using autografts and impaction grafting. They 
did not find graft failure in any patient followed 
over a period of 5 years [5]. Dorr has reported 
use of bone grafts in 24 knees and it is incorpo-

rated in 22 knees [7]. Laskin reported failure of 
graft incorporation in four cases out of 26 
patients he operated for bone defects [11]. 
Whereas Liu et  al. operated 50 cases of bone 
defects and used screws to fix the graft, Pei et al. 
used a step cut bone graft to treat 19 knees with 
bone defects and no screws were used [12, 13]. 
Quantifying the defect guides in better manage-
ment of defects using either structural or impac-
tion bone grafting and/or use of sleeves and 
mega prosthesis (Table  14.3). Use of stem 
extenders has been shown to reduce the micro-
motion between implant and bone interface and 
thereby reducing stress on the graft [14]. Brooks 
et al. showed that a 70 mm stem used in conjunc-
tion with bone grafts carried 23–38% of axial 
load thereby protecting the graft [4]. Stems may 
be fixed using a fully cemented (short stubby 
stems), press fit uncemented (long with a dia-
physial purchase) or hybrid techniques (prosthe-
sis and metaphyseal region of stem is cemented 
and rest of the stem is uncemented). Meneghini 
et al. have suggested the use of cemented stems 
as they allow load sharing and protect the graft 
and help in bone incorporation into cones if used 
[15]. Cemented stems are useful in osteoporotic 
bones with large canals and can be adjusted 
intra-operatively. The problem with these is that 
they are difficult to remove at the time of revi-

Table 14.3 Management of bone defects encountered in TKA according to the size

Size of defect (depth in mm and 
% of cut surface of tibial 
condyle) Reconstruction Advantages Disadvantages
<5 mm <10% of cut tibial 
condyle

Cement alone Stable, cost 
effective, easy

>5 mm thickness of cement 
cracks under load

>5 mm <25% of cut surface of 
tibial condyle

Cement PLUS_SPI screw Cement does not 
crack under load

Not useful for larger defects

>10 mm, 25–40% Autograft Cost effective, 
readily available

Failure to incorporate, collapse

10 mm, 25–40% Metal wedges Easy to use Cost
10–25 mm, >40% Impaction bone graft Large vertical 

defects
Mesh can cause irritation, 
difficulty closure

>50% of condyle (usually 
seen in revision scenario)

Sleeves, Modular 
prosthesis, structural 
allograft

Can reconstruct 
large defects

Technically challenging, 
costly, failure of allograft to 
incorporate

Collaterals involved Hinged prosthesis, 
megaprosthesis

Bypass defect Limited implant survival
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sion and are not helpful in component alignment 
[16, 17]. Cementless stems are helpful in com-
ponent alignment and provide stable fixation at 
the diaphysis [18]. Our preferred way is to use a 
hybrid fixation of stems.

Impaction bone grafting has been used by Cai 
et al. in 74 knees to fill bone defects in varus and 
valgus knees. He used pulverised 5 to 8  mm 
bone grafts to impact into the defect [19]. 
Bradley has used impaction allografting in revi-
sion knee arthroplasty and he advocated that spe-
cific to the technique, a solid support of 
implant-graft interface, graft-host bone interface 
and the use of a tight supportive stem is impera-
tive [20]. The same principles apply while using 
allografts (if needed in primary situation). Tigani 
et  al. used structural allografts in primary total 
knee for reconstruction of bone defects after 
proximal tibial plateau fractures and reported 
excellent results without any loosening or graft 
collapse [21].

Recently metaphyseal sleeves have been used 
to address severe bone loss encountered in pri-
mary total knee arthroplasty, especially after 
post-traumatic bone loss in proximal tibia. 
Hernandez has reported a 100% survival rate at 
mean follow-up on 79 months in 25 patients who 
underwent total knee arthroplasty using metaph-
yseal sleeves to fill defects in the proximal tibia 
[22]. Gill et al. have used metaphyseal sleeves for 
reconstruction of bone defects in primary (n = 12) 
and revision (n = 31) total knee arthroplasties fol-
lowed for a mean 5.42 years and reported no fail-
ures due to aseptic loosening [23]. Metaphyseal 
sleeves definitely hold the future for management 
of severe bone loss encountered during knee 
arthroplasty.

14.10  Summary

Use cement and screw for small defects, auto-
grafts for larger defects in young since they are 
readily available in a primary knee replacement 
and preserve bone for future revisions. A metal 
wedge may be used in elderly where a future 
revision is not contemplated.
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15.1  Introduction

Knee osteoarthritis is a particularly debilitating 
condition resulting from progressive loss of artic-
ular cartilage due to mechanical wear. Typically, 
it is a natural part of the ageing process, but other 
causes such as trauma, inflammatory conditions 
and infection can also precipitate this pathology 
[1]. Total knee arthroplasty (TKA) has been one 
of the biggest success stories of the twentieth 
century medicine. It has evolved over the last 
40 years to become a precise surgical procedure 
offering improved pain, function and quality of 
life for millions of people [2]. Projections in the 
United States estimate that by 2030, 3.48 million 
total knee arthroplasties will be performed per 
year [3]. Outcomes after total knee arthroplasty 
are typically very successful, with high rates of 
patient satisfaction and improved quality of life 
after surgery [4]. Patient satisfaction rates have 
been reported to be as high as 82–89% [5–7]. 
Other outcome measures after TKA include 
implant survival, kinematics and function [8].

15.1.1  Survival of TKA

A recent meta-analysis analysing all-cause sur-
vival of 6490 TKAs demonstrated an 82% all- 
cause survival at 25 years [9]. While survivability 
is strong, these implants often need to be revised. 
One such indication for revision TKA includes 
aseptic loosening as a result of bearing surface 
wear, osteolysis and implant instability [10]. 
Tibial base-plate loosening is the commonest 
component to loosen and require revision [11].

Other indications for TKA revision include 
infection, instability, component malalignment, 
component loosening due to poor cementation 
technique. Pain without any known cause is not 
an uncommon finding in patients requiring revi-
sion TKA. Patient factors that contribute to asep-
tic loosening include levels of activity and 
elevated body mass index [12]. Design features 
of the implant including mobile bearing TKA 
designs have higher reported rates of aseptic 
loosening when compared with fixed bearing 
designs [13].

15.1.2  Basic Science

Aseptic loosening may be due to poor initial 
implant fixation leading to early failure. There 
may be loss of fixation over time due to peripros-
thetic particle-induced osteolysis [14]. Increased 
bone resorption by osteoclasts leads to higher 
levels of osteolysis around implants, leading to 
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aseptic loosening and ultimately failure of the 
prosthesis [15]. In order to understand the under-
lying biomechanical aetiology of these processes, 
one must consider the biomechanical forces 
around the knee.

There are a great variety of methods to mea-
sure these forces including two- and three- 
dimensional modelling. A primary determinant 
of the level of these forces, regardless of the 
computational model, is that of body mass or 
weight. The greater the body mass, the greater 
the forces acting across the native or prosthetic 
knee [16]. Force (weight) is equal to mass (BMI) 
multiplied by acceleration (gravity). When the 
body mass is increased, therefore, there is a 
greater force acting on the implant leading to 

greater stresses across the bone–cement and 
cement–implant interfaces. By increasing the 
surface area of a TKA implant, even with 
increased body mass, the contact stress (stress 
per unit area) will be reduced. It is this basic sci-
ence concept that underpins modern reasoning 
for implant choice in TKA for the obese patient 
[15] (Figs. 15.1 and 15.2).

Ground reaction forces (GRF) acting across 
the TKA are also likely to be significantly higher 
in an obese patient. GRF is defined as the equal 
and opposite reaction to the force that the body 
exerts on the ground. These forces are at play 
during initial contact (heel strike) and stance 
phase of the gait cycle. They can contribute to 
implant loosening [15] (Fig. 15.3).

 

Figs. 15.1 and 15.2 Schematics of Tibial Implant surface area (millimetres squared) in LCS TKA [courtesy PEI]. Fig. 
15.1: Implant’s inferior surface area. Fig. 15.2: Total implant surface area

a b

 

Fig. 15.3 (a, b) Ground reaction force (illustration from Ramachandran, 2017 [15])
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With increasing the surface area of the implant, 
as described above, the contact stress at the point 
of bearing surface contact will be reduced thereby 
reducing surface wear and the potential for asep-
tic loosening.

15.2  Obesity and Total Knee 
Arthroplasty

Obesity is a worldwide epidemic and is putting 
significant pressure on healthcare resources 
worldwide. Obesity is defined as Body Mass 
Index (BMI) value of ≥30. According to the 
WHO, in 2016, 13% of the worldwide population 
were classified as obese with 39% being classi-
fied as overweight [17]. Projections for the year 
2030 show that these levels could rise to 57.8% 
of the world will be either overweight or obese 
[18]. Obesity is a significant risk factor for multi-
tudes of acquired diseases. From a musculoskel-
etal perspective, osteoarthritis is typically 
exacerbated by an elevated BMI. The mechanism 
behind this is thought to be the result of excessive 
joint load in obese patients that can alter gait and 
motion leading to cartilage degeneration with 
eventual bone loss, joint malalignment and 
potential instability [19]. In addition, obesity- 
related dyslipidaemia has been shown to induce 
joint damage through the actions of pro- 
inflammatory adipokines and cytokines [20].

Rates of obese patients requiring total knee 
arthroplasty are increasing. Outcomes of TKA in 
obese patients are known to be poor [21]. 
Prosthetic joint infection (PJI), surgical site 
infection (SSI), aseptic loosening and increased 
operative times with higher blood loss are among 
the commonest surgical complications associated 
with obesity [22–24]. Increased stress on the tib-
ial implant also leads to altered kinematics of 
knee motion, medial collapse and aseptic loosen-
ing [25] (Figs. 15.4 and 15.5).

It is recognised that obesity does increase gen-
eral post-operative risks including cardiovascular 
events and thrombo-embolic events also. In a 
cohort of 32,485 TKR patients, wound complica-
tions were increased from 3% in non-obese 
patients to 4.1% in obese patients (P  <  0.05). 

Thrombo-embolic events such as deep vein 
thrombosis (DVT) and pulmonary embolism 
(PE) were also significantly higher in the obese 
group with rates of 3.3% compared with 2% in 
non-obese patients (P < 0.01) [26]. Patients who 
fall into the obese category need to be rigorously 
consented regarding these increased rates of 
complications (Fig. 15.6).

Within the obese category, morbid obesity 
(BMI >40) presents an even greater challenge. A 
prospective matched study of 41 morbidly obese 
patients undergoing TKA showed significantly 
higher complication rates, radiolucent lines and 
all-cause revision rates [27].

Obese patients have been shown to be signifi-
cantly less physically active when compared with 
non-obese patients. Comparative studies have 
shown using accelerometer data that obese 
patients are typically 58–71% less active [28]. 
This reduced level of activity can result in disuse 
osteopenia and eventual osteoporosis. This 
results in obese patients being relatively osteope-
nic compared with their non-obese counterparts, 
which is itself a risk factor for aseptic loosening 
[29]. This reduced activity results in a paradoxi-
cal relationship between increasing obesity and 
reducing bone mineral density [30].

15.3  Considerations in TKA 
in Obese Patient

There are a number of considerations for TKA in 
the obese patient. In preoperative planning, deci-
sions regarding components design, bearing sur-
face material, cemented or uncemented fixation, 
cruciate ligament sacrificing or preserving and 
fixed or mobile bearing implants are all consider-
ations that the orthopaedic surgeon must make.

There is a school of thought that may indicate 
that by augmenting the tibial component, the pri-
mary site for aseptic loosening, it may reduce 
rates of aseptic loosening in obese patients. A 
recent study of 236 patients who underwent pri-
mary TKA with a shorter tibial stem, in the 
 morbid obesity category, were more likely to 
develop aseptic loosening [31]. Another study 
showed that in obese patients with BMI >30, 
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aseptic loosening was significantly lower for 
those who had a stemmed tibial implant com-
pared to non- stemmed tibial implants (0% vs 
6.6% P < 0.001) [32].

The hypothesis for stemmed tibial implants is 
such that the transfer of stress to a larger bone 
interface with an increased mechanical fit in the 
diaphysis will reduce the risk of mechanical fail-
ure in this setting [33]. This hypothesis has been 

shown to demonstrate lower rates of radiographic 
osteolysis and aseptic loosening [34].

The use of cement is also controversial. Bone 
cement acts as a “grout” between the bone and 
implant [35]. Fixation is achieved through a 
mechanical interlock between the implant and 
the bone with the layer of intervening cement 
[36]. The bone–cement interface should dissipate 
pressures acting across the prosthesis and reduced 

 

Figs. 15.4 and 15.5 Preoperative clinical images and radiographs of a morbidly obese TKA patient
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rates of aseptic loosening. Studies have shown 
that for tibial stemmed TKR in obese patients, 
cemented implants have been shown to improve 
survivorship. Some studies have supported the 
use of uncemented stems and so further studies 
are necessary in this regard [37].

Cruciate retention in the obese patient is also a 
factor for consideration. A retrospective review 
of 325 patients with BMI >30, who underwent 
cruciate-retaining TKA showed no difference in 
survivorship between the cemented or unce-
mented TKAs. Survivorship for cemented and 
uncemented was 99.3% versus 99.4%, respec-
tively (P = 0.9) [38].

The low contact stress (LCS) mobile bearing 
TKA was designed to minimise polyethylene 

wear, aseptic loosening and osteolysis. A retro-
spective review of 1091 LCS TKAs from a UK 
registry demonstrated excellent rates of aseptic 
loosening, with a 4% rate of revision for polyeth-
ylene wear or subsidence at a mean follow-up of 
14 years [39].

We propose that given the long-term success 
of LCS TKAs and the improved survivorship of 
stemmed tibial implants in obese patients, that 
LCS TKA with revision tibial stems should be 
performed for primary TKA in obese patients. 
The costs associated with using revision implants 
for primary surgery are significant [40, 41]. The 
potential saving both in terms of reduced morbid-
ity for the patient and reduced need for further 
revision surgery justify their use [42].

 

Fig. 15.6 Post-op radiographs of TKA with a stemmed tibial component in a morbidly obese patient
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15.4  Summary

Patients should be rigorously consented and these 
procedures should ideally be carried out by high 
volume arthroplasty surgeons with experience 
using stemmed revision implants.

Further research on stemmed tibial implants 
in the obese patient undergoing TKA is required, 
including biomechanical cadaveric studies and as 
appropriate cohort analyses and/or randomised 
trials.
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16.1  Introduction

Posttraumatic arthritis (PTA) develops after post- 
trauma and failed fixations, around the knee due 
to articular cartilage damage either by direct 
injury or secondary to metal protrusion into the 
joint after a fixation for fractures in the periartic-
ular region. The need for Total Knee Arthroplasty 
(TKA) after injury or failed fixation is increasing. 
The challenges we encounter are so complex that 
it requires lot of systematic approach and careful 
planning.

The incidence of arthritis following tibial pla-
teau and distal femur fractures is high and esti-
mated to be from 21% to 44% [1–4]. After 
osteoarthritis and rheumatoid arthritis, the third 
most common indication for total knee arthro-
plasty is PTA [1]. The terminology “conversion 
TKA” is used by some authors, which require 
periarticular hardware removal prior or during 
TKA [5, 6]. High energy trauma is the major 
cause of posttraumatic arthritis in younger 
patients [1]. Young patients, high velocity inju-
ries, articular incongruity, bicondylar fractures, 
residual malalignment, associated soft tissue 
involvement lead to an increased chance of post-
traumatic arthritis [7].

The incidence of tibial plateau fractures lead-
ing to end-stage PTA, which requires knee arthro-
plasty is low. Wasserstein et al. [4] showed 7.3% 
incidence of TKA at 10  years after operatively 
treated tibial plateau fractures. TKA for posttrau-
matic arthritis gives significant improvement in 
functional outcome but poor results compared to 
TKA for primary osteoarthritis. Saleh et al. con-
cluded that TKA for posttraumatic arthritis 
results in pain-free mobility, good range of 
motion, and better functional outcome scores, but 
complications are high which includes infection, 
stiffness, delayed wound healing, extensor appa-
ratus disruption, and polyethylene wear [8]. TKA 
performed for distal femur fractures is more 
complicated due to tissue scarring, nonunion, 
malunion, infection but have good functional 
outcome compared to tibial plateau fractures [9].

16.2  Challenges in Post-Trauma 
Situation

Total knee arthroplasty in the post-trauma situation 
is technically challenging. Literature reports fair to 
poor outcome with more complications when TKA 
is performed for posttraumatic arthritis. The reason 
behind this can be many like knee stiffness, bone 
loss, malalignment, joint instability, poor skin con-
dition, broken hardware, and latent infection [10]. 
Moreover, many studies showed increased need for 
blood transfusion, increased duration of surgery, 
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risk of perioperative complications, and readmis-
sion rate associated with TKA for posttraumatic 
conditions [1, 3, 5, 6, 11].

16.3  Preoperative Planning

Preoperative planning is critical and of para-
mount importance for total knee arthroplasty in 
PTA. It helps the surgeon to anticipate any poten-
tial intraoperative challenges and reduce the risk 
of complications. The past history is very 
 important in regard to open or closed fractures, 
any discharging wound, or postoperative compli-
cations that has to be considered with lot of atten-
tion. The discharge summary should be 
scrutinized in detail for valuable information. 
The comorbidities of the patients should be care-
fully evaluated and optimized. History of chronic 
smoking and alcoholism increases the wound 
healing problems and carefully documented.

The clinical examination should be meticu-
lous for decision making. The patient’s gait 
should carefully be evaluated for the presence of 
thrust and hyperextension while walking and that 
suggests joint laxity. The varus and valgus stress 
assessment of ligament stability is important to 
find the competence of collateral ligaments. 
Sometimes, the bone defects give the perception 
of pseudo- instability [1]. The skin over the knee 
should be evaluated for any redness, warmth, and 
swelling indicative of doubtful infection. The 
previous scar over the knee should be assessed 
for its location, number and its adherence to the 
underlying structures.

One of the most common problems with PTA 
is knee stiffness, which is defined as flexion <90°. 
Articular damage, hemarthrosis, insufficient 
fracture reduction will subsequently lead to carti-
lage destruction resulting in fibrosis and knee 
stiffness [1]. Evaluating the baseline knee range 
of motion is essential. The preoperative range of 
motion has a strong correlation with the postop-
erative range of motion [1, 12]. Hence, exact 
documentation of range of motion in the supine 
and sitting position helps to counsel the patients 
preoperatively.

The deformities assessed for its magnitude 
and its location like tibia, femur, or both. The 

plane of deformity in coronal plane like varus 
and valgus deformity and in sagittal plane like 
fixed flexion deformity evaluated at rest and 
weight-bearing. The status of peripheral pulses 
and neurology was carefully recorded. The ipsi-
lateral hip and ankle and contralateral limb 
assessed, which will have a contribution to post-
operative rehabilitation [13].

16.3.1  Radiological Evaluation

The radiographic evaluation includes full-length 
standing hip-to-ankle radiographs to know the 
magnitude of the deformity, coronal laxity, and 
location of the deformity like intraarticular, 
extraarticular deformity, or both [1]. It also helps 
to visualize the complete profile of the previous 
implants and to determine the planning for cor-
rective osteotomy. Sometimes, the previous 
implants may obscure the degenerative changes 
in the knee. The lateral view helps to identify the 
patella position and tibial slope. The skyline view 
identifies any patellar subluxation with shift or 
tilt. The stress view helps to quantify the amount 
of instability and document ligamentous compe-
tence. The preoperative CT scan helps to identify 
the location and degree of the bone deficiency 
[1]. In rare situations, CT angiography will be 
required to evaluate the status of vessels in diffi-
cult cases.

16.3.2  Blood Investigations

Preoperative blood investigations are always nec-
essary to identify any quiescent infection. The 
previous history of open fractures, postoperative 
persistent wound drainage, and chronic antibiotic 
therapy should raise the suspicion of occult infec-
tion. The blood should be evaluated for erythro-
cyte sedimentation rate (ESR), C-reactive protein 
(CRP), and complete blood count preoperatively. 
Optimal glycemic control with HbA1C <8 is 
essential in patients with diabetes undergoing 
TKA to avoid complications. If the blood param-
eters like ESR and CRP are raised above the cut- 
off values, joint aspiration should be analyzed for 
culture and sensitivity.

R. Natesan and S. Dhanasekaran



209

16.3.3  Role of Preoperative Knee 
Aspiration

Some authors used preoperative knee aspiration 
performed in every knee to rule out infection 
[8]. There are chances of false-negative results 
because of prior administration of antibiotics, 
flaws in obtaining and transporting the samples, 
and using inadequate culturing techniques [14]. 
Nevertheless, the aspiration will yield a posi-
tive result in infection in many cases. The strat-
egies to improve the yield in the cultures are to 
delay the aspiration at least 2  weeks after the 
administration of the last antibiotics. 
Introduction of bacteriostatic components like 
saline and local anesthetic should be avoided. 
The fluid should be immediately transferred 
into the blood culture bottles and standard con-
tainers. Usage of specialized culture medium 
for atypical organisms is also warranted. To 
improve the culture yield, an extended period 
of incubation from 14 to 21 days allows isola-
tion of slow-growing organisms like 
Propionibacterium acnes and some coagulase- 
negative staphylococci [14].

16.4  Surgical Considerations

16.4.1  Incision and Exposure

The soft tissue defect spectrum ranges from mul-
tiple scars, scars that are adherent to the underly-
ing bone to previous skin grafts or flaps 
(Fig. 16.1). The incision is sometimes dictated by 
the previous scar and the most recent incision 
should be used if sufficient exposure is gained. 
The most lateral usable incision should be 
selected to avoid devascularization and skin 
necrosis. This is because the fascial perforators 
arise from the medial aspect of the knee [8]. The 
previous horizontal incision can be crossed by a 
longitudinal incision at the right angle [2]. The 
plastic surgery consultation should be done in the 
presence of multiple scars or previous plastic 
procedures over the incision site to evaluate the 
risk of skin necrosis. The need for any local flaps 
should be planned before surgery.

One of the most common problems with PTA is 
knee stiffness. This can be addressed by arthroly-
sis of the suprapatellar pouch, removing the fibrous 
tissue and clearing the medial and lateral gutters, 

a b c d

Fig. 16.1 Clinical pictures showing the various spectrum 
of soft tissue defects (a) previous adherent skin graft and 
flaps involving the entire knee (b) previous skin graft over 

the incision area (c) two longitudinal scars after fracture 
fixation (d) previous horizontal incision can be crossed by 
a longitudinal incision at the right angle
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and retro-patellar fat pad removal. If adequate 
flexion could not be achieved after these maneu-
vers, an extended approach like quadriceps snip 
(Fig. 16.2a), VY turndown (Fig. 16.2b), or tibial 

tubercle osteotomy (Figs. 16.3 and 16.4) may be 
needed. Massin et al. used tibial tubercle osteot-
omy in patients with knee stiffness and patella baja 
and found no compromise in flexion range of 

a b

Fig. 16.2 Diagram showing (a) quadriceps snip and (b) Coonse–Adams V-Y turndown procedures for extensile knee 
exposure in knee stiffness

a b c d

Fig. 16.3 (a) Picture showing initiation of tibial tubercle 
osteotomy with saw blade in a stiff knee after posttrau-
matic arthritis (b) elevation of tibial tubercle osteotomy 
fragment with stacked osteotomes (c) arrow showing the 

tibial tubercle fragment (d) after final implantation, tibial 
tubercle fragment closed with ethibond sutures and aug-
mented with cancellous autograft
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motion postoperatively [12]. In the case of patella 
baja, tibial tubercle osteotomy allows slight proxi-
mal recession. Lateral retinacular release may be 
needed for facilitating knee exposure or if there is 
a presence of patellar maltracking.

16.4.2  Hardware Removal 
and Timing of Surgery

Hardware removal can be encountered in three 
ways.

 1. Simultaneous complete hardware removal 
and TKA.  In the presence of normal labora-
tory parameters like ESR and CRP, good knee 
range of motion and optimized comorbid con-
ditions, simultaneous implant removal and 
TKA can be planned. Simultaneous hardware 
removal and TKA may require more than one 
incision and may increase the chance of con-
tamination and skin necrosis [15].

 2. Partial hardware removal and TKA can be 
done. Complete removal of the hardware may 
not be always necessary and only the hard-

ware which hinders the preparation or implan-
tation of the TKA implants can be removed 
(Fig. 16.5).

 3. Two-stage procedure, where hardware 
removal and TKA in a staged manner. The 
indications for two-stage removal are long- 
standing implants with broken screws, long 
duration procedure with potential soft tissue 
damage, uncontrolled diabetes, knee stiffness, 
morbid obesity, and doubtful unhealthy tissue 
suspicion of infection.

The implants should be assessed for the length 
of the time that was in situ, because removal may 
be difficult in remote fixations. In a failed fixa-
tion, often the hardware is damaged. Hence, the 
appropriate and comprehensive implant removal 
set should be arranged like universal nail extrac-
tor, broken screw removal set, high-speed metal 
cutting burrs, etc. It is necessary to bypass the 
screw holes left by hardware removal with an 
intramedullary stem to avoid the risk of refrac-
ture. Bergen et al. found the timing of hardware 
removal not associated with any difference in 
complication rate [5].

a b

Fig. 16.4 Radiographs of the same patient in Fig. 16.3 
showing (a) Posttraumatic arthritis with distal femur plate 
in situ with stiff knee (b) exposure by tibial tubercle oste-

otomy and stem augmentation to bypass the screw holes 
stress riser
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16.4.3  Joint Reconstruction 
and Bone Loss Management

The goals in TKA for posttraumatic arthritis 
are joint line restoration, bone defect recon-
struction, and ligament balancing. Recreation 
of the joint line is essential for the optimal 
function of the collateral ligaments and exten-
sor mechanism. The various landmarks should 
be used in the distorted bony anatomy like 
meniscal scars, tibial tuberosity, fibular head, 
medial and lateral epicondyles. After defining 
the joint line, bone loss should be reconstructed 
appropriately.

Bone loss restoration gives primary stability to 
the implants [1]. PTA will often result in either 
contained defect which can be managed with mor-
selized bone grafts or uncontained bone loss. The 
various options for bone defect management are 
stems, metal augments, allografts, resected bone, 
metaphyseal sleeves, and trabecular metal cones. 
This decision is based on peroperative size of the 
uncontained defects persisting after the bone cuts.

After reconstituting the bone loss, the compe-
tence of the collateral ligaments should be checked. 
If there is pseudo-instability due to bone defects, 
ligaments will regain competence after reconstruct-
ing the bone loss (Figs. 16.6 and 16.7). Higher level 

a b

Fig. 16.5 (a) Posttraumatic arthritis with the proximal tibial plate in situ (b) Partial removal of the proximal screws 
which hinders the tibial component removed and total knee arthroplasty done

a b c d

Fig. 16.6 (a) Posttraumatic arthritis with a severe bone 
defect in the lateral tibial condyle and buttress plate in situ 
(b) Varus and valgus stress view showing the magnitude 
of bone defect and pseudo-instability (c) hip-to-ankle 

alignment radiograph showing severe valgus deformity 
(d) management of bone loss by total knee arthroplasty 
with metaphyseal sleeves and screw augmentation
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of constraint implant is used if there is compromise 
in collateral ligaments, which is critical in achiev-
ing long-term survivorship [10]. Correcting the 
extraarticular deformity by extensive intraarticular 
release may damage the collateral stability, which 
also necessitates the need for constrained implants. 
In severe extraarticular deformity, corrective oste-
otomy will be required either as a simultaneous or 
staged procedure [16]. The presence of malunion 
with metaphyseo-diaphyseal mismatch warrants 
for use of “offset” stems.

16.4.4  Implant Selection

The choice of the implant is decided by the size of 
the bone loss and competence of the collateral liga-
ments. In a minimal contained bone loss situation, 
if the joint stability is achievable by primary cruci-
ate-retaining and posterior stabilized implants, then 
it will be sufficient. The choice is based on the 
integrity of the posterior cruciate ligament, sur-
geon’s expertise and choice [10] (Fig. 16.8). Scott 
et al. managed primary cruciate- retaining implants 

a b c d

e f g h

Fig. 16.7 Intraoperative pictures of the same patient in 
Fig. 16.6 showing (a and b) severe lateral tibial and femo-
ral condyle bone defect (c) depth of the defect after proxi-
mal tibial cut (d) preparation for the sleeve (e) the defect 

augmented with both sleeves and screw (f) placement of 
final tibial component (g and h) anterior and lateral pic-
ture showing the final implantation of the components

a b c

Fig. 16.8 (a and b) Posttraumatic varus malunion of the distal femoral condyle (c) Total knee arthroplasty using 
computer-assisted navigation with implants in optimal alignment
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in 87% of the patients without augmented tibial 
stems needed in 35% [17].

The presence of arthrofibrosis and subsequent 
extensive release may warrant a posterior stabi-
lized implant [10] (Fig. 16.9).

The intramedullary stem augmentation should 
be done in a compromised metaphyseal bone 
stock situation to prevent implant subsidence [2] 
(Figs.  16.4 and 16.10). The stem offloads the 

stress in the metaphysis and prevents premature 
failure. It acts as a load-sharing device and 
bypasses the stress risers resulting from the hard-
ware removal and damaged metaphyseal bone. 
The stems help to restore the joint alignment and 
help in aligning the component position.

Epiphyseal bone loss is common in the PTA 
knees and metaphyseal fixation has several distinct 
advantages. This region is more vascularized and 

a b

Fig. 16.9 (a) Posttraumatic arthritis with proximal tibial varus malunion (b) Total knee arthroplasty with screw and 
stem augmentation

a b

Fig. 16.10 (a) Posttraumatic arthritis with proximal tibia malunion with valgus deformity (b) Total knee arthroplasty 
with tibial stem augmentation
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mostly not affected by bone loss. Martin-Hernandez 
et al. [18]. used metaphyseal sleeves for PTA and 
showed 100% survival at a mean follow-up of 
79  months. The porous titanium metaphyseal 
sleeves allow filling of bone defects, improves 
osseointegration, provides load sharing, reduces 
stress shielding, and achieves axial and rotational 
stability (Fig.  16.6). Trabecular metal cones are 
used for filling the metaphyseal defects and act like 
structural grafts. The metaphyseal sleeves and 
cones are indicated in type 3 Anderson Orthopaedic 
Research Institute (AORI) classification defects.

Often the PTA will be associated with arthrofi-
brosis, rigid deformities with ligamentous incom-

petence. About 10% of the PTA patients may have 
severe ligamentous instability and balancing this 
knee might involve extensive release which might 
compromise the collateral ligament stability [15]. 
The constrained knee prosthesis should be 
selected to achieve the ligament balance in the 
event of a ligamentous compromise (Fig. 16.11).

Rai et  al. used constrained condylar knee in 
complex deformities after PTA and showed 
excellent clinical outcome, regain of function, 
and survival rate of 94.7% at an average of 
6.5  years follow-up [19]. If there is complete 
ligament disruption, then the option of hinge 
prosthesis is chosen (Fig. 16.12).

a b

Fig. 16.11 (a) Posttraumatic arthritis with distal femur nonunion, ligamentous insufficiency, and distal femur dual 
plates in situ (b) Total knee arthroplasty with rotating hinge prosthesis

a b c d

Fig. 16.12 (a–c) Posttraumatic arthritis with severe ligamentous insufficiency (d) Total knee arthroplasty with rotating 
hinge prosthesis
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In severe bone loss or acute severe commi-
nuted fracture involving the distal femoral con-
dyle, distal femoral replacement implants may be 

chosen (Figs.  16.13 and 16.14). The algorithm 
for the management of posttraumatic arthritis is 
elucidated in Fig. 16.15.

a b

Fig. 16.13 (a) Nonunion of distal femur condyle with the broken implant in situ (b) Implant removal and distal femur 
replacement with modular mega-prosthesis

a b

Fig. 16.14 (a) Posttraumatic arthritis with distal femur 
nonunion with multiple previous osteosynthesis, fibular 
strut graft, and distal femur dual plates in situ (b) Implant 

removal and distal femur replacement with modular 
mega-prosthesis
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16.5  TKA After Intramedullary 
Nailing

Most diaphyseal fractures of the tibia are treated 
with intramedullary nailing. There are technical 
challenges in the placement of the tibial compo-
nents with the intramedullary nail in situ 
(Fig. 16.16). As the need for TKA increases, this 
combination may be encountered more fre-
quently in the future [20, 21]. Kolz et al. showed 
that the presence of intramedullary nail has not 
increased the chances of infection and knee stiff-
ness [20]. Preoperative radiographs should be 
evaluated for possible nail interference with the 
tibial keel. TKA can be proceeded if the intra-
medullary nail does not touch the tibial keel.

If there is concern regarding the possible nail 
interference, one option is that the intramedullary 
nail can be removed and TKA can be performed 
in a simultaneous or staged manner (Fig. 16.17).

The other option is placing the tibial compo-
nent without complete removal of the intramed-
ullary nail. There are a few technical factors that 
can be considered. They are selecting the implant 

with a reduced keel length of the tibia or using 
the uncemented components which will not 
require deep tibial keel preparation. Opting for 
posterior stabilized implants is another option 
that requires less tibial slope preparation such 
that it will not impinge on the nail as compared to 
the cruciate-retaining components [21]. The 
proximal part of the nail can be modified using a 
metal cutting burr, so that the tibial component 
can be accommodated [20] (Figs.  16.18 and 
16.19).

16.6  Computer-Assisted Surgery 
(CAS)

In the presence of hardware in the intramedullary 
canal, it is not possible to use the conventional 
instruments with intramedullary jigs. CAS helps 
to avoid the hardware removal, precludes the 
stress risers at the screw hole, and improves the 
component alignment (Fig. 16.20). The presence 
of angular deformity and canal sclerosis preclude 
the use of an intramedullary guide and CAS will 

Posttraumatic arthritis

Articular

Ligament status

Stable
(intact ligaments)

Without bone defect

Primary TKA
(CR/PS) Articular defect Metaphyseal defect Partial disruption

Complete ligament
damage

Severe bone loss
with ligament

damage

Modular
megaprosthesisHinge prosthesis

Varus-valgus
constrained prosthesis

Stem/ Metaphyseal
sleeves/ Cones

Screw/ cement
augmentation

With bone defect
(Pseudo-instability)
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(Ligament compromise)

Extraarticular
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TKA with intraoperative
ligament balancing

Extraarticular Osteotomy
and TKA
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Fig. 16.15 Algorithm for the management of posttraumatic arthritis
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guide in taking accurate bone cuts [22]. Tani 
et  al. [23]. did a comparative study in patients 
with extraarticular deformity with and without 
CAS. They showed the rate of outliers is lower in 
the navigation group and helps in achieving bet-
ter clinical and radiological outcomes.

CAS helps to assist in the correct placement of 
cutting guides and implants in the background of 
distorted anatomical landmarks. The CAS sys-
tem has the advantage of reliable component 
placement in presence of tibial and femoral 
deformities. It may also reduce blood loss and 

negates the problems associated with using intra-
medullary guides. The disadvantages are 
increased cost and longer operating times [16].

16.7  Primary Arthroplasty 
for Acute Fractures Around 
the Knee

In elderly patients, the incidence of tibial plateau 
fracture is around 8% [24, 25]. There is renewed 
interest in primary arthroplasty for acute frac-

a b

Fig. 16.16 (a) Posttraumatic arthritis with interlocking nail in situ (b) Nail removal and total knee arthroplasty 
implants in situ

a b c d

Fig. 16.17 (a, b) Posttraumatic arthritis with the interlocking nail in situ and extraarticular deformity in the tibia (c,  d) 
Nail removal and total knee arthroplasty implants in situ
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a b c d

Fig. 16.18 (a and b) Posttraumatic arthritis with severe 
varus deformity and intramedullary nail in situ (c and d) 
Exposure done by tibial tubercle osteotomy, the proximal 

part of the nail cut using a metal cutting burr, and total 
knee arthroplasty implants in situ

a b c

e f g h

d

Fig. 16.19 Intraoperative picture of the same patient in 
Fig.  16.18 showing (a and b) tibial tubercle osteotomy 
and exposed intramedullary nail in situ (c) proximal part 
of the nail exposed (d) arrow showing metal cutting burr 
used to modify the proximal part of the nail to accommo-

date the tibial keel (e) cut proximal part of the nail (f) 
posteromedial bone defect managed with screw augmen-
tation (g and h) implantation of the final components and 
closure of tibial tubercle osteotomy by ethibond sutures
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tures around the knee. It is because of the high 
failure rate and poor results associated with inter-
nal fixation in this subgroup of patients [26]. The 
challenges are underlying osteoporosis which 
makes difficulty in fracture fixation, poor out-
come due to preexisting arthritis, delayed weight- 
bearing leading to medical complications, and 
morbidity associated with revision surgery [27]. 
The indications for primary acute TKA are 
elderly patients with preexisting osteoarthritis of 
the knee, non-reconstructible articular fractures 
with underlying severe osteoporosis [28] 
(Fig. 16.21).

The advantages are early mobilization, imme-
diate weight-bearing, better functional out-
comes, eliminating the fracture healing 
problems, and reduces the reoperation rates [24]. 
The word of caution is that it should not be per-
formed routinely for all the periarticular frac-
tures. TKA in the acute setting is technically 
more demanding and should be performed by 
experienced arthroplasty surgeons considering 
the severity of metaphyseal bone loss and associ-
ated ligamentous injury. There may be disrup-
tion of the anatomical landmarks and simulates 
like performing a revision TKA [25]. It may 

a b c

Fig. 16.20 (a, b) Posttraumatic arthritis with the intramedullary nail in situ (c) Total knee arthroplasty using computer- 
assisted navigation

b c da

Fig. 16.21 (a, b) Acute comminuted distal femur fracture with severe osteoporosis and underlying osteoarthritis in an 
elderly female. (c, d) Primary total knee arthroplasty with hinge prosthesis
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require constrained implants, stems, sleeves, or 
cones for filling the metaphyseal defects, hinged 
components for bony and ligamentous insuffi-
ciency, and distal femoral replacement. Even 
though the functional results are good, the com-
plication rate remains high [24, 25]. Kini et al. 
suggested computer- assisted navigation helps in 
accurate component positioning and restoring 
the mechanical axis [25].

Appleton et al. reported the largest case series 
of 52 patients undergoing fixed-hinge stemmed 
total knee replacement for distal femoral frac-
tures with poor preoperative mobility and medi-
cally frail patients [27]. They reported high 
1-year mortality of 41% and the most common 
postoperative complication was periprosthetic 
fractures. Bettin et al. showed good results using 
cemented modular rotating hinge distal femoral 
endoprosthesis for acute distal femoral fractures. 
They concluded that primary arthroplasty allows 
immediate full weight-bearing and restores the 
patient’s preoperative functional status in most 
patients [29]. Haufe et al. used hinge prosthesis 
in 80% of patients with acute proximal tibial 
fractures for orthogeriatric patients and showed 
good clinical results if done with proper indica-
tions [30].

The surgical pearls for encountering the TKA 
are elucidated systematically by Hsu et al. [31]. 
For the distal femur fractures, a good exposure by 
medial parapatellar approach and clearing out the 
medial and lateral gutters are made. After com-
pletely exposing the distal femur, cerclage wires 
are to be placed in the diaphysis to prevent the 
propagation of the fracture. Then, the integrity of 
the medial and lateral femoral column is assessed 
for reconstruction. The fracture fragments are 
secured with a contoured reconstruction plate 
and screws and standard arthroplasty is per-
formed. The stems may be used for diaphyseal 
fixation and sleeves can be used for filling and 
stabilizing the metaphysis to unload the stress at 
the fracture site. In case of severe comminuted 
non-reconstructible articular fractures or com-
plete ligament disruption, distal femur replace-
ment with modular mega-prosthesis should be 
opted. The joint line, posterior condylar offset, 

and femoral rotation should be restored by using 
various anatomical landmarks.

TKA in proximal tibial fractures is still more 
complex. The prerequisites are to establish a sta-
ble tibial platform and reconstitute the joint line. 
After adequate exposure, the medial and lateral 
plateau fracture is evaluated for its integrity and 
reconstructed to provide a solid platform for the 
tibial prosthesis. Intramedullary guides may help 
in stabilizing the shaft and taking appropriate 
cuts. If the fracture fragments are large, it must be 
stably fixed with internal fixation and can be aug-
mented with the stem. If there is doubt in the liga-
ment integrity, then constrained components 
should be used. The tibial tubercle involvement 
leads to chances of nonunion and can be a contra-
indication for doing TKA [10].

16.8  Complications: How to Avoid 
and Tackle Them?

TKA for posttraumatic arthritis have shown high 
rate of complications between 26% and 60% in 
the literature [2, 8, 9, 17, 32, 33]. PTA knees have 
complex joint deformities, previous multiple pro-
cedures leading to soft tissue compromise and 
associated arthrofibrosis [7]. These factors lead 
to an increased chance of complications in the 
PTA group when compared with the primary 
osteoarthritis group. The various preoperative 
risk factors associated with unsatisfactory out-
comes are complex deformities like combined 
tibial and femoral involvement [34], compromise 
of soft tissue envelope [34], patella baja [22], 
multiple previous surgeries [35], collateral liga-
ment insufficiency and arthrofibrosis [36]. The 
impact of PTA on postoperative outcome after 
TKA shows that higher incidence of peripros-
thetic joint infection, wound complications, knee 
stiffness, and decreased implant survivorship [7, 
37].

The study from Mayo clinic with 15  years 
follow-up of TKA for previous proximal tibial 
fractures reported more than 90% of complica-
tions occurred within 2 years after TKA [38]. In 
a national database study comparing 674 post-
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traumatic TKA with 67,675 primary TKA, Kester 
et al. reported an increased need for transfusion, 
length of hospital stays, and 30-day readmission 
rate in the posttraumatic arthritis group [6, 39]. 
Ge et  al. showed that the post-fracture TKA 
cohort has an increased complication rate like 
surgical site infection and a 6.7-fold increase in 
90-day readmission rate compared to the previ-
ous soft tissue trauma cohort [35].

16.8.1  Infection

Prosthetic joint infection is the most worrisome 
complication following TKA.  The complex 
deformities, previous multiple procedures, pres-
ence of prior hardware, increased operative time 
contribute to surgical site infection. The overall 
infection rate secondary to PTA ranges between 
3.4 and 9.6% in the literature [19]. Infection is 
the most common cause of revision in patients 
undergoing TKA for PTA [40, 41]. A recent com-
parative study on a large national database also 
shows PTA patients having a statistically signifi-
cant increase in the incidence of superficial and 
deep wound infection when compared with the 
osteoarthritis group [42].

A high index of suspicion is needed for a 
possibility of hidden infection in a previously 
operated knee with retained hardware. 
Preoperative antibiotics should be given after 
taking the intraoperative cultures. If there is sus-
picion of infection, then two-stage revision 
should be opted. The antibiotic-impregnated 
cement can be used in patients with higher risk 
of infection [8]. Saleh et  al. reported a 20% 
infection rate and recommended intraoperative 
frozen section analysis even if the preoperative 
cultures are negative [8].

16.8.2  Skin Problems

The arteriole plexus over the knee gets damages 
in the previous knee surgeries. Wound healing 
complications are a significant issue in a compro-
mised soft tissue envelope. Principles in soft tis-
sue handling are making adequate skin bridges 

between the previous scars, sharp dissection with 
full-thickness flaps without undermining, and 
carefully avoiding forceful retraction. Meticulous 
hemostasis and tension-free wound closure are 
also recommended for avoiding wound necrosis 
and dehiscence [43].

16.8.3  Postoperative Knee Stiffness

Scott et al. [17]. reported about 13% of patients 
(4 out of 31) developed knee stiffness and 
required manipulation under anesthesia. Knee 
stiffness is a frequent complication and needs 
proper preoperative counseling [44]. Rai et  al. 
found significant improvement in the postopera-
tive range of motion. They suggested the proper 
intraoperative balancing of the knee along with 
postoperative rehabilitation helps to improve the 
postoperative range of knee motion [19].

16.8.4  Instability

El-Galaly et  al. [45]. showed instability is the 
major cause of revision in the posttraumatic 
group. This can be attributed to the preceding 
injury and ligament damage during hardware 
removal. The authors cautioned the intraopera-
tive meticulous ligament balancing and choosing 
the optimal implants to address the instability.

16.8.5  Extensor Mechanism 
Disruption

This is a catastrophic complication that can affect 
the functional outcome after TKA and the inci-
dence is as high as 8 to 13% [15, 46]. It can occur 
either intraoperatively or postoperatively. 
Exposure in a previous stiff knee with quadriceps 
contracture can lead to disruption of the patellar 
tendon. Extensile approaches like tibial tubercle 
osteotomy, V-Y quadricepsplasty, or rectus snip 
may be necessary to avoid those complications. A 
smooth pin placed at the patellar tendon also 
helps in preventing the avulsion. Massin et  al. 
reported that about 75% of patients with severe 
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stiff knees had postoperative complications like 
patellar tendon avulsion and infection [12].

Performing the systematic lateral retinacular 
release and avoiding patellar eversion are also 
described to reduce its incidence [15]. 
Postoperatively, tendon ruptures occur in patients 
on long-term steroids, diabetes, after extensive 
lateral release leading to devascularization and 
sudden hyperflexion from acute trauma [8]. It can 
be managed by direct repair augmented with 
patella-tibial cerclage protection or reconstructed 
with autologous graft or allograft.

16.8.6  Malalignment

The critical factor to ensure the longevity of the 
implant is achieving proper mechanical align-
ment [16]. Malalignment is an important con-
cern when TKA is performed with conventional 
instruments. Lonner et  al. [2]. reported 26% 
aseptic failures and poor outcomes due to 
malalignment. This is because of the distortion 
of the anatomical landmarks. Papadopoulos 
et al. [33]. noted over half of their patients had 
suboptimal positioning of the components and 
residual deformity. The computer-assisted navi-
gation may help to achieve proper alignment in 
distorted anatomy. The stemmed tibial implants 
are recommended to avoid malalignment and 
subsidence [2].

16.9  Clinical Outcomes 
and Survivorship

Overall the literature shows TKA is an effective 
treatment in terms of improvement in the quality 
of life, functional parameters, pain reduction, and 
improvement in the knee range of motion. 
Although patients have significant improvement 
compared to the preoperative disability, the over-
all postoperative scores remained low compared 
to osteoarthritis patients. This difference can be 
primarily attributed to the poorer preoperative 
scores due to unstable knees when compared 
with non-PTA patients [7, 47].

Weiss et al. suggested that the important factor 
which influences the outcome after TKA is the 
initial fracture treatment like proper soft tissue 
handling, minimal periosteal stripping, anatomic 
reduction, and restoring the alignment [46]. 
Patients with instability needed earlier TKA than 
those patients with malunion. Scott et  al. con-
cluded that postoperative patient-reported out-
come measures were comparable to patients with 
primary osteoarthritis, although a higher rate of 
intra-and-postoperative complications is noted in 
the PTA group [17].

Historically, TKA for posttraumatic arthritis 
showed overall inferior survival results in the lit-
erature. In a registry-based study on 52,518 
patients, El-Galaly et al. [45]. showed TKA for 
posttraumatic arthritis has an increased risk of 
early and medium-term revision. But, after 
5 years, there is no significant difference in the 
risk of revision when compared to TKA for 
osteoarthritis. Lunebourg et  al. reported lower 
ten-year survival of 79% at 10 years for posttrau-
matic arthritis compared to 99% in the primary 
osteoarthritis group [3]. The posttraumatic arthri-
tis group had poor clinical results in terms of 
quality of life, but there is an equal subjective and 
functional improvement from the baseline scores 
compared to the primary osteoarthritis group. 
About one-fifth of the patient required reopera-
tion within 2  years from the index surgery [3]. 
Houdek et al. concluded that TKA for the post-
traumatic condition has a worse outcome and 1 in 
4 patients tend to have revision by 15 years [43].

On contrary, recent studies found no differ-
ence in the functional outcome in patients with 
prior tibial plateau fracture at an average of 
6.7 years in a prospective matched control study 
[15]. The long-term study from Mayo clinic 
shows survival free of revision for aseptic loosen-
ing is 96% at 15 years for TKA after tibial pla-
teau fractures. They suggested excellent 
long-term survivorship similar to TKA for degen-
erative arthritis [38]. The survival rate of 89% at 
10 years and a 60% satisfaction rate of reported 
in a multicenter nationwide study among 263 
patients [48]. Khoshbin et al. [41]. concluded sig-
nificant improvement in patient-related outcome 
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measures comparable to TKA for osteoarthritis. 
The modern reconstruction techniques using bet-
ter implant designs, judicious use of stem and 
augments, and proper soft tissue handling can be 
attributed to improvement in functional outcome 
and implant survivorship.

16.10  Summary

Total knee arthroplasty in post-trauma and failed 
fixations is demanding and challenging, for which 
preoperative planning is essential to manage and 
achieve a good functional outcome. Stiffness, 
bone loss, instability, and retained hardware are 
major challenges encountered, hence caution and 
high-level expertise are warranted. Chances of 
latent infection should be considered, investigated 
and patients thoroughly counseled for potential 
postoperative complication. The bone defect and 
ligament stability should be adequately managed 
with proper implants and constraint level should 
be appropriately selected. However, total knee 
arthroplasty in these situation gives significant 
improvement in the functional outcome. 
Therefore, proper surgical execution is necessary 
for best long-term results.
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17.1  Introduction

The primary goals of total knee arthroplasty 
(TKA) are (1) to restore the mechanical align-
ment of the lower limb, (2) to balance the medial 
and lateral gaps in flexion and extension, and (3) 
to provide a stable knee throughout the physio-
logic range of movement. Restoration of limb 
alignment is essential for a stable and durable 
knee arthroplasty. Most surgeons would agree 
that the mechanical axis of the limb should be 
restored within 3° of the mechanical axis in the 
coronal plane [1]. This is achieved by performing 
bony resection of the distal femur and the proxi-
mal tibia perpendicular to their respective 
mechanical axes, followed by appropriate soft 
tissue releases as required.

Deformities in the coronal plane result in 
pathologic contraction of soft tissues on the con-
cave side of the deformity, i.e. the medial side in 
varus knees and the lateral side in valgus knees. 
This may or may not be associated with attenua-
tion or laxity of soft tissues on the convex side of 
the deformity. These changes result in progres-
sive deterioration of any pre-existing deformity. 
Apart from these soft tissue changes, especially 
in Asian populations, there is a certain amount of 
physiological varus alignment of the knee which 

further worsens the deformity after its onset [1]. 
In addition, presence of any extra-articular defor-
mity makes the correction of deformity and bal-
ancing the knee by soft tissue release alone a 
challenging task. In view of the varied contribut-
ing factors for a coronal plane deformity in each 
individual, the amount and type of releases 
should be tailored to each patient depending on 
the patient-specific findings. Coronal plane 
deformities may vary in flexion and full exten-
sion of the knee; hence, it is important to balance 
the medial and lateral joint gaps in both flexion 
and extension. Failure to achieve balanced gaps 
would lead to unbalanced force transmission on 
the knee, resulting in early polyethylene wear, 
osteolysis, aseptic loosening of the prosthesis, 
instability, and early failure of the TKA [2].

The steps involved in the sequential release of 
soft tissues for balancing varus and valgus knees 
are well-described in literature [2–5]. However, 
when dealing with a knee with severe coronal 
plane deformity >200, or with an associated 
extra- articular deformity, these steps are usually 
inadequate in achieving a well-balanced knee. 
Moreover, over-zealous soft tissue release in 
these knees could potentially result in knee 
instability which would then necessitate the use 
of a constrained or hinged implant. These 
implants are expensive and not universally avail-
able. In knees with severe deformity where opti-
mal soft tissue balance cannot be achieved by 
conventional soft tissue releases, a sliding con-
dylar osteotomy (SCO) can restore mechanical 
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alignment by recreating the trans-epicondylar 
axis (TEA), and obviating the need for con-
strained implants.

17.1.1  The Varus Knee Deformity

Varus knees are associated with scarring and 
adhesions of soft tissues in the posteromedial 
corner [6], excessive distal femoral external rota-
tion, and an alteration in the center of force 
towards the medial femoral condyle [7]. This 
results in deformation of the medial collateral 
ligament (MCL) along with the posteromedial 
capsule which is further accentuated by the mar-
ginal osteophytes impinging on the MCL.  This 
may result in contraction and posterior bowing of 
the MCL, and attenuation and excessive laxity of 
the lateral soft tissues of the knee.

Intra-operative correction of a severe varus 
deformity while performing TKA involves 
sequential medial soft tissue releases depending 
on the amount of correction necessary following 
preliminary distal femoral and proximal tibial 
bony resection. Every level of soft tissue release 
has its corresponding effect on the medial and 
lateral flexion and extension gaps. These are 
assessed by the surgeon before proceeding to the 
next step of release. The sequence of steps in 
varus correction begins with release of the medial 
capsule and deep fibers of the MCL, and excision 
of medial and posteromedial femoral and tibial 
osteophytes [3]. This is followed by release of the 
semimembranosus, and subsequent posterome-
dial corner release. If this is also found to be 
inadequate, tibial reduction osteotomy is per-
formed. Partial or complete recession of the pos-
terior cruciate ligament (PCL) can be attempted 
next. If the gaps are still not balanced, two options 
are available to the surgeon—subperiosteal 
detachment of the superficial MCL fibers, and 
SCO.

The superficial MCL is the major structure 
responsible for medio-lateral stability of the 
knee. It is associated with maximal and final cor-
rection during medial soft tissue release in TKA 

when released from its insertion at its tibial 
attachment [8, 9]. Multiple needle puncturing in 
the substance of the MCL has been described 
[10, 11]. This procedure creates a grade-1 to 
grade-2 superficial MCL tear which helps stretch 
the medial soft tissue and balance the medial 
gaps. However, it cannot be used for correcting 
large deformities. Total MCL detachment, on the 
other hand, is associated with the possibility of 
gross medio-lateral instability and a dispropor-
tionately large increase in the medial gap in flex-
ion compared to extension [12]. This imbalance 
could necessitate the use of a constrained pros-
thesis as it would result in persistent adductor 
thrust, polyethylene (PE) wear, long-term insta-
bility, tibial component loosening, and even need 
for revision of the prosthesis eventually if not 
addressed appropriately at the time of the pri-
mary surgery [8]. Though primary repair of an 
iatrogenic superficial mid-substance MCL tear 
might be adequate for restoring stability in a 
TKA with a PCL retaining prosthesis, PCL sacri-
fice would aggravate the medial instability [8, 
13–15]. Grade 3 tears of the superficial MCL 
heal by formation of type-3 collagen instead of 
type-1, which results in altered mechanical prop-
erties of the ligament and hence iatrogenic super-
ficial MCL mid- substance grade-3 tears are to be 
avoided at all costs [16]. Whenever the integrity 
of the MCL is in doubt, it would be preferable to 
use a constrained prosthesis [6].

Another option available to the surgeon at this 
stage is the SCO, wherein sliding of a bone block 
from the femoral medial or lateral condyle along 
with its attachment of the medial or lateral col-
lateral ligament is done distally or proximally, 
and posteriorly or anteriorly, respectively. This 
procedure alters the TEA by transporting a block 
of bone from the appropriate femoral condyle in 
the coronal and axial planes by a precise distance, 
so as to accurately correct the medio-lateral gap 
difference in flexion and extension. It was ini-
tially described by Engh [17, 18] in conventional 
TKA, but multiple variations of the procedure 
have been described subsequently using conven-
tional and computer navigated techniques.
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17.1.2  The Valgus Knee Deformity

Among patients who require TKA, approxi-
mately 10–15% present with a valgus deformity 
[5]. A valgus deformity of the knee differs from a 
varus significantly in terms of etiology and soft 
tissue changes. Bony changes are commonly 
noted in the lateral femoral condyle in the form 
of cartilage erosion, hypoplasia, and remodeling. 
Lateral tibial plateau deficiency or tibial external 
rotation are also seen. Soft tissue changes include 
contraction of the lateral structures including the 
lateral collateral ligament (LCL), iliotibial band 
(ITB), popliteus, posterolateral capsule, and in 
severe cases even the biceps femoris and lateral 
gastrocnemius. Attenuation, laxity, or incompe-
tence of the MCL may also be seen. Moreover, 
unlike its varus counterpart, valgus deformities 
can additionally be associated with a tendency 
for the patella to subluxate laterally.

Correction of a valgus deformity poses a dif-
ferent set of surgical challenges and has variable 
outcomes in terms of overall results when com-
pared to varus knees [5]. The lateral stabilizers 
are discrete unlike the MCL which can be 
released from the tibia in a single layer. The prin-
ciple of deformity correction, like in varus knees, 
involves step-wise soft tissue release and assess-
ing the effect of every step on the mechanical 
axis and gap balancing. Additionally, attention 
should be paid to two factors which could affect 
the outcome of the surgery. Firstly, patellar track-
ing and the need for a lateral retinacular release 
should be assessed. Secondly, the integrity of the 
posterior cruciate ligament (PCL) should be eval-
uated since attenuation and severe laxity of the 
PCL could lead to failure of TKA with a cruciate 
retaining (CR) prosthesis.

Sequential correction of a valgus deformity 
begins after assessment of the residual deformity 
following distal femoral and proximal tibial bony 
resection. Initially, minimal deep MCL elevation 
till the equator is performed for adequate expo-
sure of the joint. This is followed by excision of 
the ACL, menisci, and osteophytes. Release of 
the posterolateral capsular attachment on the 
tibia is then performed. If this is inadequate, 
release of the iliotibial band (ITB) is performed. 

An uncorrectable deformity after performing all 
these releases would require release of the lateral 
collateral ligament (LCL) and popliteus, which 
could potentially result in coronal plane knee 
instability and necessitate the use of constrained 
or hinged prostheses.

The use of an SCO in such situations could 
prevent the possibility of excessive lateral soft 
tissue release and provide a mechanically well- 
aligned and well-balanced knee with good out-
comes while using minimally constrained 
implants. For a valgus knee, this could be in the 
form of a lateral or medial femoral condylar 
osteotomy along with the attachment of the lat-
eral or medial collateral ligament, with distal or 
proximal and posterior or anterior sliding, 
respectively.

17.2  Pre-Operative Planning

Pre-operative planning for TKA in patients with 
severe coronal plane deformities includes all the 
routine steps of surgical assessment, including a 
detailed history and physical examination and 
appropriate radiological investigations [5]. 
Additionally, pre-operative implant planning is 
necessary.

17.2.1  History-Taking

A detailed history of the patient with presenting 
complaints, and expectations of the patient are 
obtained. Patients usually present with history of 
pain, deformity, limp, stiffness, and restriction of 
activity. Involvement of other joints or other sys-
tems is inquired about, to rule out inflammatory 
etiology. Prior history of trauma, infection, or 
surgery to the limb is noted.

17.2.2  Physical Examination

Physical examination starts with gait assessment, 
with due attention to a possible varus thrust. The 
affected joint is inspected and palpated for signs 
suggestive of past infection or trauma. Range of 
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movement of the knee is documented. Any coro-
nal or sagittal deformity is assessed for severity 
and correctability. Integrity of the cruciate liga-
ments and extensor mechanism and patello- 
femoral tracking are assessed. Type (extra- or 
intra-articular) and grading of the deformity are 
to be noted. Sagittal or coronal instability is 
assessed. Hip, spine, and neurovascular examina-
tions are performed.

17.2.3  Radiological Evaluation

• The following radiographs are obtained: 
anteroposterior view with weight bearing, lat-
eral view, and Merchant’s view.

• Long leg hip-to-ankle radiographs are 
obtained to identify the mechanical axis of the 
lower limb and quantify the extent of 
deviation.

• CT scan is not routinely performed, but can be 
useful for assessment of mechanical axis devi-
ation, and in patients with severe lateral femo-
ral condyle hypoplasia and bone stock 
deficiency.

• The deformity is evaluated for its nature—
whether extra-articular or intra-articular or 
both. The extent of angular deformity is 
assessed. In cases of extra-articular deformity, 
the distance of the joint line from the apex of 
the deformity is calculated. The greater this 
distance, the lesser is its effect on the devia-
tion of the mechanical axis. In general coronal 
plane femoral deformity up to 20 degrees, 
tibial deformity up to 30 degrees, and rota-
tional deformity up to 10 degrees can be cor-
rected by intra-articular correction. Femoral 
extra-articular deformity affects the extension 
gap alone and is more difficult to balance than 
tibial deformity. For femoral deformity, a line 
is drawn along the mechanical axis of the 
femur and the perpendicular cut is assessed, if 
the lateral collateral insertion is not violated 
one can attempt intra-articular correction. For 
tibial deformity, if the line drawn along the 
anatomic axis distal to the deformity transects 
some part of the tibial plateau, intra-articular 
correction is possible. Deformities more than 

these will need corrective osteotomy-either 
staged or simultaneous. Tibial deformities 
close to the ankle may also need corrective 
osteotomy to align the ankle.

17.2.4  Indications for SCO

• Rigid recalcitrant contracture of soft tissues 
on the concave side of the deformity

• Excessive attenuation or laxity on the convex 
side of the deformity

• Severe coronal plane deformity >20°, wherein 
large angular correction is required

• Deformities which are not amenable to full 
correction by soft tissue release and reduction 
osteotomy alone

• Deformities wherein adequate gap balancing 
would require extensive subperiosteal eleva-
tion or detachment of the collateral ligaments

• Extra-articular deformity especially, femoral
• Residual deformity of ≥3° following all soft 

tissue releases (except total detachment of the 
respective collateral ligament or popliteus)

• Flexion/extension gap difference of >2 mm
• More than 2 mm medio-lateral gap difference 

in extension vs flexion

17.2.5  Contraindications for SCO

The presence of a small sized distal femur with 
risk of intra-operative fracture of the femoral 
condyle is a contraindication for SCO.  This is 
especially true when a PCL sacrificing TKA is 
planned since it further reduces the amount of 
bone stock available for stable fixation of the 
osteotomized bone block. Severe osteoporosis is 
also a relative contraindication.

17.2.6  Pre-Operative Implant 
Planning

While planning the implants is done pre-opera-
tively, the final decision is to be taken intra- 
operatively after bony resection and soft tissue 
balancing. The nature of the prosthesis—whether 
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PCL retaining or substituting should be planned, 
along with the degree of constraint that is 
 anticipated. Hinged or constrained prostheses 
might be necessary as backup. Patello-femoral 
joint arthritis and the need for patellar resurfacing 
is also to be planned.

17.3  Surgical Technique 
of Various Types of SCO

SCO could be from the medial or lateral aspect of 
the femur, and could be “upsliding” or “downslid-
ing.” Each of these types has been described in 
literature and is indicated in specific scenarios 
involving the kinematics of the deformity and 
extent of soft tissue contracture or attenuation 

(Table  17.1). Severe varus deformities can be 
corrected by means of medial condylar downslid-
ing osteotomy (MCDO) or lateral condylar 
upsliding osteotomy (LCUO). Severe valgus 
deformities, on the other hand, can be corrected 
by means of lateral condylar downsliding osteot-
omy (LCDO) or medial condylar upsliding oste-
otomy (MCUO). The choice of whether to use a 
lateral or medial osteotomy in a given deformity 
depends on its correctability on the side of con-
tracture and the amount of laxity or attenuation 
on the opposite side. Non-correctable fixed defor-
mities are managed by performing downsliding 
osteotomies on the concave side of the deformity, 
while correctable deformities with residual laxity 
on the convex side are better managed by means 
of upsliding osteotomies.

Table 17.1 Indications for the various types of SCO in different patterns of coronal plane deformities of the knee

Coronal 
deformity

Medial compartment flexion/
extension gaps

Lateral compartment flexion/
extension gaps

Correctability of 
the deformity

Preferred 
management

Severe 
varus

•  Severe contracture of MCL
•  Excessively tight medial 

flexion and extension gaps 
after sequential soft tissue 
releases

•  Small sized medial gaps 
prevent the use of a normal 
size PE insert

•  Mild attenuation and laxity
•  Moderately sized lateral gaps 

in flexion and extension
•  Lateral gaps are not too large 

to necessitate an excessively 
large PE insert

Fixed and not 
correctable

MCDO

Severe 
varus

•  Mild to moderate contracture 
of the MCL

•  Moderately sized medial 
flexion and extension gaps 
after sequential soft tissue 
releases

•  Medial gaps permits the use 
of a normal sized PE insert

•  Severe lateral soft tissue 
attenuation and laxity

•  Excessively large lateral 
flexion and extension gaps 
following sequential soft 
tissue releases

•  Large lateral gaps necessitate 
an excessively large PE insert

Adequately 
correctable

LCUO

Severe 
valgus

•  Mild attenuation and laxity of 
MCL

•  Moderately sized medial gaps 
in flexion and extension

•  Medial gaps are not too large 
to necessitate an excessively 
large PE insert

•  Severe contracture of LCL 
and popliteus

•  Excessively tight lateral 
flexion and extension gaps 
after sequential soft tissue 
releases

•  Small sized lateral gaps 
prevent the use of a normal 
size PE insert

Fixed and not 
correctable

LCDO

Severe 
valgus

•  Severe medial soft tissue 
attenuation and laxity

•  Excessively large medial 
flexion and extension gaps 
following sequential soft 
tissue releases

•  Large medial gaps necessitate 
an excessively large PE insert

•  Mild to moderate LCL and 
popliteus contracture

•  Moderately sized lateral 
flexion and extension gaps 
after sequential soft tissue 
releases

•  Lateral gaps permits the use 
of a normal sized PE insert

Adequately 
correctable

MCUO
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17.3.1  Medial Condylar Downsliding 
Osteotomy (MCDO) for Severe 
Varus Deformity

 A. Preliminary steps of TKA: Limb preparation 
is done. Anterior midline incision is made. 
Arthrotomy is performed based on the sur-
geon’s preference (medial parapatellar, subv-
astus, or midvastus). The joint is exposed by 
means of preliminary steps of release includ-
ing—medial capsular release, deep MCL 
release, and excision of medial femoral and 
tibial osteophytes. While performing com-
puter navigation-assisted (CAS), femoral and 
tibial trackers are fixed and bony landmarks 
and axes of rotation are registered. Flexion 
and extension gaps are assessed. Distal femo-
ral and proximal tibial bony resection are per-
formed perpendicular to the mechanical axis, 
taking care not to resect excessive bone from 
the lateral side. The distal femoral resection 
has to be performed distal to the attachment 
of the collateral ligaments. The residual 
medial and lateral gaps in extension are 
assessed. Posterior, anterior, and chamfer 
bony cuts are then performed according to the 
templated size of the distal femur. Sequential 
release is performed to balance the gaps—
posteromedial capsular release, semimem-
branosus release, PCL recession or total 
release, and tibial reduction osteotomy. The 
gaps are assessed following every step of 
release. If there is a persistent significant gap 
difference with the medial gap being too tight 
to place a normal sized spacer, MCDO is 
planned.

 B. Assessment of the gap difference: The medial 
and lateral compartments are tensioned 
equally in extension by means of a tensioner. 
The difference between lateral and medial 
gaps is measured by means of a ruler, or by 
CAS. This difference noted in full extension 
corresponds to the amount of distal transport 
required for the osteotomized bone block to 
balance the extension gaps. In a similar man-
ner, the gap difference between the medial 
and lateral compartments is noted in flexion. 
This is the required amount of posterior trans-

port of the bone block to balance the flexion 
gaps.

 C. Performing the osteotomy (Fig.  17.1): The 
adductor tubercle and the femoral origin of 
the MCL are identified. Osteotomy is planned 
5–8 mm lateral to the medial edge of the fem-
oral medial condyle and the site is marked 
using a sterile marker. This thickness of bone 
is adequate to securely hold subsequent fixa-
tion but not so thick as to compromise the 
support offered by the remaining medial fem-
oral condyle. Osteotomy is performed using a 
narrow oscillating saw with the knee in 90° 
flexion, directed from inferolateral to supero-
medial along the anterior to the posterior 
aspects of the medial femoral condyle. The 
osteotomy must exit distal to the adductor 
tubercle superiorly. The osteotomized bone 
block is mobilized using an osteotome.

Transport of the osteotomized bone block 
(Fig.  17.2): Sutures are placed through the 
soft tissue attachments of the bone block to 
aid mobilization in the sagittal and coronal 
planes. The bone block is to be transported 
distally and/or posteriorly by a distance equal 
to the gap difference in extension and flexion, 
respectively. A segment of bone is excised 

Trapezoidal
extension gap

MCL
LCL

Fig. 17.1 Schematic diagram showing a knee with resid-
ual varus deformity after soft tissue releases, with a trap-
ezoidal extension gap, with medial tightness and lateral 
laxity
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from the distal and posterior part of the bone 
block equal to the gap differences in exten-
sion and flexion, respectively, to prevent the 
presence of an overhanging bone fragment. 
The anterior, posterior, and chamfer cuts are 
then marked on the bone block. It is tenta-
tively fixed to the medial femoral condyle by 
means of k-wire fixation. Trial components 
are implanted and it is confirmed that the 
bone block sits flush within the confines of 
the femoral component. Flexion and exten-
sion gaps are assessed to confirm the accu-
racy of bone transport. The definitive implants 
are then fixed in place over bone cement, 
ensuring that cement does not enter into the 
osteotomy site.

 D. Fixation of the bone block: Initial descrip-
tions of this procedure mentioned that the 
bone block need not be fixed, and that the 
medial tension caused by the pull of the hip 
adductors was adequate to maintain stability 
of the knee joint [17, 18]. However, subse-

quent studies recommend fixation of the bone 
block to avoid non-union at the osteotomy 
site, to maintain better stability of the joint 
and to be able to permit regular rehabilitation 
protocols. Fixation of the bone block might 
be done by means of non-absorbable sutures 
like Ethibond size 5 if it is too thin or osteo-
porotic to withstand more stable fixation. The 
authors however recommend the placement 
of two 4  mm cannulated cancellous screws 
with washers with the knee in 45° of flexion, 
directed from inferomedial to superolateral 
part of the condyle. These screws do not cross 
the lateral femoral cortex and should avoid 
contact with the femoral prosthesis in the 
region of the box cut when a PCL sacrificing 
TKA is performed. Closure of the arthrot-
omy, soft tissue, and skin is then performed in 
the usual manner.

 E. Post-operative care: We recommend three 
doses of a third-generation cephalosporin as 
antibiotic prophylaxis and 75  mg Aspirin 
once daily for 6 weeks for DVT deep venous 
thrombosis (DVT) prophylaxis. Some authors 
recommend the use of a knee brace and 
avoidance of knee flexion and extension for 
2  weeks, with protected weight bearing for 
6 weeks. We, however, opine that knee mobi-
lization and weight bearing can be initiated 
from the first post-operative day itself, pro-
vided the bone block is fixed securely. Sutures 
are removed at 2  weeks post-operatively. 
Radiographs are obtained at 6  weeks, 
3  months, 6  months, 1  year, and annually 
thereafter. Clinical and functional outcomes 
are assessed at follow-up along with radio-
logic parameters like limb alignment and 
bony union at the osteotomy site.

17.3.2  Lateral Condylar Downsliding 
Osteotomy (LCDO) for Severe 
Valgus Deformity

 A. Preliminary steps of TKA: Following limb 
preparation, a midline incision is made. 
Arthrotomy is performed. A lateral 
 parapatellar approach might be used for ade-

Osteotomized
bone block

following
distal

transport

Cannulated
cancellous screws

Rectangular
extension gap

Fig. 17.2 Schematic diagram showing correction of the 
varus deformity by MCDO, and distal transport of the 
osteotomized bone block. The extension gap is now rect-
angular with symmetrical medial and lateral gaps
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quate exposure but the authors recommend 
the use of a medial parapatellar or subvastus 
approach wherever feasible. The joint is 
exposed by means of preliminary steps of 
release including—deep MCL release as 
required, excision of lateral femoral and tibial 
osteophytes, and lateral and posterolateral 
capsular release. A tibial tubercle osteotomy 
or rectus snip might be necessary for expo-
sure in very severe deformities. While per-
forming computer navigation- assisted TKA, 
femoral and tibial trackers are fixed and bony 
landmarks and axes of rotation are registered. 
Flexion and extension gaps are assessed. 
Distal femoral and proximal tibial bony 
resection are performed perpendicular to the 
mechanical axis, taking care not to resect 
excessive bone from the medial side. 
Posterior, anterior, and chamfer bony cuts are 
performed based on the templated size of the 
distal femur. The residual medial and lateral 
gaps in flexion and extension are assessed. If 
a significant medio- lateral gap difference per-
sists, release of the ITB is performed. The 
popliteal attachment is preserved and the 
LCL is not detached. The gaps are assessed 
following every step of release. If a signifi-
cant medio-lateral gap difference still persists 
with an excessively tight lateral gap (which is 
incompatible with placement of an ade-
quately sized spacer) and a moderate medial 
gap, LCDO is planned.

 B. Assessment of the gap difference: The medial 
and lateral compartments are tensioned 
equally in extension by means of a tensioner. 
The difference between lateral and medial 
gaps is measured by means of a ruler, or by 
CAS.  This difference corresponds to the 
amount of distal transport required for the 
osteotomized bone block to balance the 
medio-lateral extension gaps. In a similar 
manner, the gap difference between the 
medial and lateral compartments is noted in 
flexion. This is the required amount of poste-
rior transport of the bone block to balance the 
flexion gaps.

 C. Performing the osteotomy (Fig.  17.3): The 
attachments of the popliteus and LCL over 

the lateral femoral condyle are identified. 
Osteotomy is planned 5–8 mm medial to the 
lateral border of the distal end of the lateral 
femoral condyle. The site of osteotomy is 
marked using a sterile marker. Osteotomy is 
performed using a narrow oscillating saw in 
the sagittal plane with the knee in 90° flex-
ion, ensuring that the LCL and popliteal 
attachments over the bone block are intact. 
The block is then mobilized using an 
osteotome.

 D. Transport of the osteotomized bone block 
(Fig.  17.4): The bone block is to be trans-
ported distally and/or posteriorly by a dis-
tance equal to the medio-lateral gap difference 
in extension and flexion, respectively. A seg-
ment of bone is excised from the distal and 
posterior part of the bone block equal to the 
gap differences in extension and flexion, 
respectively, to prevent the presence of an 
overhanging bone fragment. The anterior, 
posterior, and chamfer cuts are then marked 
on the bone block. It is tentatively fixed to the 
lateral femoral condyle by means of k-wires. 
Trial components followed by definitive 
implants are then fixed in place.

Trapezoidal
extension gap

MCL
LCL

Fig. 17.3 Schematic diagram showing a knee with resid-
ual valgus deformity after soft tissue releases, with a trap-
ezoidal extension gap, with medial laxity and lateral 
tightness

K. K. Eachempati et al.



235

 E. Fixation of the bone block: The authors rec-
ommend the placement of two 4 mm cannu-
lated cancellous screws with washers with the 
knee in 45° flexion, directed inferolaterally to 
superomedially. These screws do not cross 
the medial femoral cortex and should avoid 
contact with the femoral prosthesis in the 
region of the box cut where a PCL sacrificing 
TKA is performed. Closure of the arthrot-
omy, soft tissue, and skin is performed in the 
usual manner.

 F. Post-operative care: This is similar to MCDO.

17.3.3  Lateral Condylar Upsliding 
Osteotomy (LCUO) for Severe 
Varus Deformity

 A. Preliminary steps of TKA: These are similar 
to those mentioned for MCDO. If there is a 
persistent significant gap difference, with a 
medial gap adequate for placement of a regu-
lar sized spacer, but excessive lateral laxity 

which could necessitate the use of an exces-
sively large polyethylene insert, LCUO is 
planned.

 B. Assessment of the gap difference: The gaps 
are assessed as for MCDO. The medio-lateral 
extension gap difference noted corresponds 
to the amount of proximal transport required 
for the osteotomized bone block, while the 
flexion gap difference is the required amount 
of anterior transport of the bone block.

 C. Performing the osteotomy: This is similar to 
LCDO.

 D. Transport of the osteotomized bone block: The 
bone block is to be transported proximally 
and/or anteriorly by a distance equal to the gap 
difference in extension and flexion, respec-
tively. A segment of bone is excised from the 
proximal and anterior part of the bone block 
equal to the gap differences in extension and 
flexion, respectively, to prevent the presence of 
an overhanging bone fragment.

 E. Fixation of the bone block: The authors rec-
ommend the placement of two 4 mm cannu-

Osteotomized
bone block
following distal
transport

Cannulated
cancellous screws

Rectangular
extension gap

Fig. 17.4 Schematic 
diagram showing 
correction of the valgus 
deformity by LCDO, 
and distal transport of 
the osteotomized bone 
block. The extension gap 
is now rectangular with 
symmetrical medial and 
lateral gaps
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lated cancellous screws with washers with the 
knee in 45° flexion, directed inferolaterally to 
superomedially. These screws do not cross 
the medial femoral cortex and should avoid 
contact with the femoral prosthesis in the 
region of the box cut where a PCL sacrificing 
TKA is performed. Closure of the arthrot-
omy, soft tissue, and skin is performed in the 
usual manner.

 F. Post-operative care: This is similar to MCDO.

17.3.4  Medial Condylar Upsliding 
Osteotomy (MCUO) for Severe 
Valgus Deformity

 A. Preliminary steps of TKA: These are similar 
to LCDO.  If a significant medio-lateral gap 
difference still persists with a moderate lat-
eral gap and an excessively lax medial gap, 
MCUO is planned.

 B. Assessment of the gap difference: The medial 
and lateral compartments are tensioned 
equally in extension followed by flexion 
means of a tensioner. The medio-lateral gap 
difference in extension and flexion is mea-
sured by means of a ruler, or by CAS—this 
difference is the amount of proximal and 
anterior transport required for the osteoto-
mized bone.

 C. Perform the osteotomy: Osteotomy is similar 
to the MCDO.

 D. Transport of the osteotomized bone block: 
The bone block is to be transported proxi-
mally and/or anteriorly by a distance equal to 
the gap difference in extension and flexion, 
respectively. A segment of bone is excised 
from the proximal and anterior part of the 
bone block equal to the gap differences in 
extension and flexion, respectively, to prevent 
the presence of an overhanging bone 
fragment.

 E. Fixation of the bone block: The authors rec-
ommend the placement of two 4 mm cannu-
lated cancellous screws with washers with the 
knee in 45° flexion, directed inferomedially 
to superolaterally. These screws do not cross 

the lateral femoral cortex and should avoid 
contact with the femoral prosthesis in the 
region of the box cut where a PCL sacrificing 
TKA is performed. Closure of the arthrot-
omy, soft tissue, and skin is performed in the 
usual manner.

 F. Post-operative care: This is similar to MCDO.

17.4  Discussion

Late presentation among patients with arthritis of 
the knee is not uncommon, especially in the 
developing world. There are various reasons why 
patients present late in the course of the disease 
with severe deformities—ignorance of their con-
dition, fear of surgery, and reliance on alternative 
or traditional forms of medicine to name a few 
[19]. Severe coronal plane knee deformities >20° 
are challenging to correct while performing 
TKA.  While mechanical alignment of the limb 
can be restored to an extent by performing distal 
femoral and proximal tibial bone cuts perpendic-
ular to the mechanical axis, the residual trapezoi-
dal tibio-femoral gap still needs to be addressed 
in cases with severe deformities with soft tissue 
imbalance [20]. Inadvertent or over-zealous soft 
tissue release (superficial MCL in varus knees; 
LCL and popliteus in valgus knees) for correc-
tion of the deformity could result in total subperi-
osteal detachment of the collateral ligaments and 
result in a potentially unstable knee. On the other 
hand, inadequate deformity correction or gap bal-
ancing would lead to imbalanced loads on the 
medial and lateral compartments and accelerated 
wear and eventual failure of the TKA. Constrained 
implants are neither universally available nor 
cost-effective, and are to be avoided whenever 
the option to use a less constrained prosthesis 
exists.

The judicious use of an appropriate sliding 
condylar osteotomy (SCO) helps re-create the 
TEA and permits the use of less constrained pros-
theses in knees with severe coronal plane defor-
mities. This technique was first described by 
Engh for conventional TKA in varus knees with 
fixed deformities and tight medial gaps [17, 18]. 
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It involved the use of a wafer-thin medial femoral 
epicondylar osteotomy. The osteotomized bone 
block retained the attachments of the MCL and 
adductor magnus and was permitted to find its 
own position by not fixing it to the medial femo-
ral condyle. This technique evolved into the 
MCDO of present times, by the use of non- 
absorbable sutures or screws to secure the bone 
block to the femoral condyle after distalizing it 
[3, 8, 19, 21–23]. The immediate stability pro-
vided by fixation of the bone block permits nor-
mal post-operative rehabilitation.

The principle of recreating the TEA by SCO 
and distally transporting the osteotomized bone 
block by a precise distance for the restoration of 
medio-lateral gap symmetry was subsequently 
applied to correction of severe valgus deformities 
of the knee. Brilhault et al. [20] described LCDO, 
with internal fixation of the bone block by the use 
of screws. Successive studies have reported good 
outcomes by the use of this surgical technique for 
correcting fixed valgus deformities with exces-
sively tight lateral soft tissues and inadequate lat-
eral flexion and extension gaps [24–30].

In the presence of correctable deformities 
with adequate flexion and extension gaps on the 
concave side of the deformity following soft tis-
sue releases, there is attenuation and laxity of 
soft tissues on the convex side of the deformity. 
Downsliding condylar osteotomies from the 
concave side can result in very large gaps and 
would require placement of an inappropriately 
large PE insert in these cases. For varus knees 
with correctable deformities, the technique of 
LCUO is described [31, 32], while for correct-
able valgus deformities, a MCUO can be per-
formed [33–35]. These techniques restore soft 
tissue tension and reduce the flexion and exten-
sion gaps on the convex side, thereby permitting 
the use of a normal sized PE insert, while pro-
viding a stable TKA with precisely balanced 
medio-lateral gaps.

The SCO techniques are not only helpful for 
TKA in patients with severe intra-articular coro-
nal plane deformities, but also while managing 
patients with end-stage knee arthritis with a co- 
existing extra-articular deformity. These patients 

could have a past history of trauma with mal-
united extra-articular fractures, or could have 
physiologic bowing of the lower limb. As the dis-
tance of the site of extra-articular deformity from 
the joint line reduces, its effect on the severity of 
mechanical axis deviation increases. In many 
such instances, it would be impossible to restore 
the mechanical axis by preliminary soft tissue 
releases alone. Attempting to do so could lead to 
total detachment of the respective collateral liga-
ments if an SCO is not performed.

There are various advantages of using SCO 
techniques in TKA over conventional progressive 
soft tissue release or bony resection for the resto-
ration of the mechanical axis of the limb. SCO 
permits preservation of the native bone stock. It 
produces a predictable change in limb alignment, 
with precise correction of medio-lateral gap sym-
metry. Moreover, it permits the use of less con-
strained prostheses with normal sized PE liners. 
Fixation of the osteotomized bone block permits 
the use of regular post-operative rehabilitation 
protocols. The only possible disadvantage is the 
risk of a femoral condyle fracture in patients with 
small sized distal femurs, and SCO is best 
avoided in such cases.

17.4.1  Complications, and How 
to Avoid and Manage them

 1. Non-union at the osteotomy site
Non-union at the osteotomy site is a poten-

tial complication, especially in cases where 
the osteotomized bone block is not fixed to the 
femoral condyle. This might result in non- 
union or fibrous union. This complication can 
significantly be reduced by fixing the bone 
block securely by the use of 4 mm cannulated 
cancellous screws or non-absorbable sutures.

 2. Medial or lateral femoral condyle fractures
This complication occurs when an excess 

amount of bone is osteotomized from the fem-
oral condyle or when the condyle is too small.

 3. Theoretical possibility of neurovascular injury
 4. Theoretical possibility of limb length 

discrepancy
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17.5  Current Concepts and Recent 
Advances

In cases of severe varus or valgus deformities, 
while performing TKA, the use of CAS offers 
certain unique advantages. In conventional TKA, 
the surgeon relies on his experience and individ-
ual perception to determine satisfactory align-
ment and balancing following soft tissue releases 
and trialing of implants. This could potentially 
cause errors in inexperienced hands. However, 
use of CAS helps accurately quantify the mechan-
ical axis restoration and deformity correction fol-
lowing soft tissue releases. It helps in dynamically 
assessing the effect of each step during sequential 
soft tissue release on deformity correction in real 
time. It also aids in accurate determination of the 
amount of medio-lateral gap difference in flexion 
and extension. In cases where an SCO is required, 
it can aid in precise placement of the osteoto-
mized bone block in both coronal and sagittal 
planes.

With the advent of robot-assisted surgery, the 
surgeon has access to information on not only the 
alignment, but also the precise extent of medial 
and lateral gaps throughout the range of knee 
flexion in real time. This information aids the sur-
geon in planning the direction and distance of 
transport of the osteotomized bone block follow-
ing SCO and improves surgical precision further. 
Gap assessment following tentative k-wire fixa-
tion of the bone block can confirm accuracy of 
deformity correction and provides the option to 
revise the amount of transport prior to cancellous 
screw fixation. The use of this technology can 
give uniformly good outcomes even in the hands 
of a less-experienced surgeon.

17.6  Clinical Cases

17.6.1  Case 1

A 72-year-old male patient with a body mass 
index (BMI) of 32.2, presented with complaints 
of pain over his left knee, restricting his activities 
of daily living. He sustained a fracture femur 

30  years back, which was managed conserva-
tively. Clinical examination revealed that he had 
a varus deformity of the knee. Radiographs 
revealed the presence of a malunited left distal 
femoral fracture at the meta-diaphyseal junction 
resulting in an extra-articular varus deformity 
(Fig. 17.5).

He underwent robot-assisted left total knee 
arthroplasty (Smith and Nephew Navio 7.0) 
using the medial parapatellar approach. 
Exposure was difficult due to knee stiffness and 
scarred quadriceps, necessitating an extensile 
proximal and distal approach. Following expo-
sure of the joint, 3°–119° flexion was noted. 
Twenty degree extra-articular varus was noted 
at the site of the deformity, with 16° of uncor-
rectable varus at the knee. Femoral and tibial 
trackers were fixed. Hip, knee, and ankle centers 
were registered. Distal femoral and proximal 
tibial bony points were registered. 3D mapping 
was done for the distal femoral and proximal 
tibial condyles. Implant planning and pre-oper-
ative gap assessment were done on the robotic 
system (Fig.  17.6). It was found that he had a 
tight medial gap with a lateral laxity on exten-
sion and symmetrically tight flexion gaps. Distal 
femoral and proximal tibial cuts were made 
using the all-burr technique, perpendicular to 
the respective mechanical axes. Anterior, poste-
rior, and chamfer cuts were made in the distal 
femur using the tracker. Trial implantation was 
done. Sequential soft tissue releases were per-
formed. A residual trapezoidal extension gap 
with a normally sized medial gap and a large 
lateral gap was noted. On 90° flexion, both 
medial and lateral gaps were found to be bal-
anced. An LCUO was then performed to address 
the excessive residual lateral laxity and obtain a 
well aligned knee (Fig.  17.7). Post-operative 
gap assessment is as shown in Fig.  17.8. 
Radiographs were as shown in Fig. 17.9.

17.6.2  Case 2

A 56-year-old lady with a BMI of 26.3, presented 
with complaints of pain and deformity over both 
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a b

Fig. 17.5 Pre-operative knee radiographs showing an extra-articular varus deformity at the femoral level. (a) 
Anteroposterior view. (b) Lateral view

a b

Fig. 17.6 (a) Implant planning on the robotic system. (b) Pre-operative gap assessment
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Fig. 17.7 Intra-operative images demonstrating the LCUO. The osteotomized bone block is fixed to the distal femur 
using cannulated cancellous screw

Fig. 17.8 Post-operative gap assessment on the robotic system
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knees, causing difficulty in performing her activi-
ties of daily living. On examination, she had 
bilateral genu valgum, with a partially correct-
able deformity. Patellar tracking preoperatively 
was normal. Pre-operative radiographs are as 
shown in Fig. 17.10.

She underwent computer navigation-assisted 
left total knee arthroplasty (Aesculap Orthopilot 
5.1 navigation system) using the subvastus 
approach and the “femur-first” mode. Femoral 
and tibial trackers were fixed. Distal femoral and 
proximal tibial bony points were registered. Hip, 
knee, and ankle centers were registered. The 
kinematics of the deformity was assessed 
(Fig. 17.11). Sequential soft tissue releases were 
performed. Distal femoral and proximal tibial 
cuts were made, perpendicular to their respective 
mechanical axes. Anterior, posterior, and cham-
fer cuts were made in the distal femur. Trial 

implantation was done. A residual trapezoidal 
gap was noted on both flexion and extension with 
tight lateral gaps without excessive medial laxity. 
An LCDO was then performed to address the lat-
eral compartment tightness and obtain a well 
aligned knee (Fig.  17.12). Definitive implants 
were then fixed. Post-operative alignment was as 
shown in Fig. 17.13. Radiographs were as shown 
in Fig. 17.14.

17.6.3  Case 3

A 60-year-old male patient with a BMI of 23.2, 
presented with complaints of pain and difficulty 
weight bearing over the left lower limb following 
an open reduction and internal fixation of the left 
proximal tibia 11  months back for a closed 
Schatzker Type 6 fracture he sustained during a 

a b

Fig. 17.9 Post-operative knee radiographs of the patient showing a neutral mechanical alignment. (a) Anteroposterior 
view. (b) Lateral view
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a b

Fig. 17.10 Pre-operative radiographs of the patient showing a severe valgus deformity. (a) Anteroposterior view. (b) 
Lateral view

a b

Fig. 17.11 Pre-operative assessment of the deformity in extension, using computer assisted navigation. (a) The valgus 
deformity is 19°. (b) The deformity is correctable to 6°
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a b c

Fig. 17.12 Intra-operative images demonstrating the LCDO. (a) Osteotomy. (b) Transport of the bone block. (c) Bone 
block is fixed using cannulated cancellous screws

Fig. 17.13 Post- 
operative knee deformity 
assessment using 
navigation
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road traffic accident. Radiographs obtained at the 
time of presentation were as shown in Fig. 17.15. 
CT 3D reconstruction images were as shown in 
Fig. 17.16. There was implant failure with non- 
union with a laterally subluxated proximal tibia.

He underwent implant removal and total knee 
arthroplasty. Medial parapatellar arthrotomy with 
quadriceps snip was done. A separate incision 
was made to remove the implant. Distal femoral 
and proximal tibial bony cuts were made perpen-
dicular to the respective mechanical axes using 
manual instruments. Following the bony cuts it 
was observed that the knee was lax laterally in 
extension and tight laterally in flexion. This 
unique problem was addressed using a lateral 
condylar sliding osteotomy with upsliding and 
posterior sliding to address both issues. Post-

operative radiographs showed a well aligned 
knee (Fig.  17.17). His surgical wounds healed 
well and he was able to regain functional range of 
movement from full extension to 100° of flexion 
(Fig. 17.18).

17.7  Summary

Sliding condylar osteotomy can be an invaluable 
tool in the armamentarium of an arthroplasty sur-
geon, and can potentially eliminate the need for 
using constrained implants in knees with severe 
coronal plane deformities. It yields good clinical 
outcomes in the short- and middle-term, and has 
few complications.

a b

Fig. 17.14 Post-operative radiographs of the patient showing neutral mechanical alignment. (a) Anteroposterior view. 
(b) Lateral view
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a b

Fig. 17.15 Pre-operative radiographs showing a proximal tibial plate in situ with arthritic changes of the knee. (a) 
Anteroposterior view. (b) Lateral view

a b c

Fig. 17.16 (a–c) Pre-operative CT 3D reconstruction images showing the fracture pattern from different angles
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Total Knee Arthroplasty in Genu 
Recurvatum

Vikram A. Mhaskar and J. Maheshwari

18.1  Introduction

Genu Recurvatum refers to a knee extension of 
more than 5° [1]. This deformity was thought to 
occur in <1% of patients undergoing a TKA [2, 
3]. However, newer studies quantifying the defor-
mity using navigation have shown that the inci-
dence can vary from 3.5 to 11.8% [4, 5]. As this 
is a relatively rare condition, with most cases of 
osteoarthritis needing TKA having flexion defor-
mity, very little is published about the ideal tech-
nique of dealing with this deformity while doing 
TKA.

The rate of recurrence of deformity post-TKA 
in such cases has been 3.7% in patients without 
neuromuscular disorders and as high as 50% in 
those with neuromuscular disorders [6–8]. This 
leads to persistent instability and early failure of 
the TKA. The cause of recurvatum deformity is 
the most important factor to prognosticate the 
recurrence of the deformity. Soft tissue balanc-
ing, even if well done on the table, has the poten-
tial to stretch if the deforming forces are not 
neutralized. Using a hinge implant reliably pre-
cludes hyperextension of the knee but is subject 
to excess stresses at the implant–bone interface, 

and hence early loosening compared to less con-
strained implant [9].

Pathologies away from the knee have the 
potential to alter gait and subject the knee to 
altered forces leading to a compensatory genu 
recurvatum deformity like in an equinus of the 
foot [10]. Primarily taking care of the extra- 
articular deformity is especially important in 
these cases as neutralizing the altered forces is 
the only way to prevent undue forces on the 
TKA. Genu recurvatum may also be a complica-
tion of primary total knee arthroplasty. This hap-
pens either due to a missed underlying 
neuromuscular etiology with weak quadriceps or 
because of leaving the knee in hyperextension on 
the table. This is a difficult deformity to correct 
post-TKA, and treatment options focus on pre-
venting the knee from going into hyperextension 
with bracing, collateral ligament transfers, or 
revision to hinge replacement.

18.2  Etiology

The etiology of genu recurvatum has a lot of 
bearing on treatment and eventual outcome of 
surgery. The following are the common causes:

 1. Neuromuscular disorders: Polio is a major 
contributing factor to hyperextension of the 
knee due to asymmetric weakness in the mus-
cle groups around the knee. The quadriceps 
weakness forces the patient to stabilize the 
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knee by either locking the knee in hyperexten-
sion or by manually giving a posterior thrust 
by hand-to-knee gait. Due to these maneu-
vers, a hyperextension moment is generated in 
the knee leading to progressive posterior cap-
sular stretching and eventual genu recurvatum 
(Figs.  18.1 and 18.2). Such knees, as and 
when develop osteoarthritis become candi-
dates for TKA. A standard TKR implant may 
not work in such cases, as the patient will 
again stabilize the knee by posterior thrust, 
which would eventually lead to capsular 
stretching and make the TKA unstable. The 
only possible solution in such cases is using a 
constrained implant that has an in-built ante-
rior stop that does not allow the knee to go 
into excessive hyperextension. This is what a 
hinge implant does in such cases (Figs. 18.3a, 
b, and 18.4). Naturally, such a constraining 
mechanism would transfer forces to bone–

Fig. 18.1 Pre-op clinical image of a polio patient with 
genu recurvatum and a painful knee

a b

Fig. 18.2 (a, b) Preoperative AP and lateral radiographs 
of knee in the polio patient with OA knee

a b

Fig. 18.3 (a, b) Postoperative radiographs of knee in the 
same patient showing a rotating hinge knee replacement
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implant junction and cause early loosening. 
Rotating hinge is supposed to dissipate these 
forces, and hence reduce the incidence of 
loosening. This potentially helps in improving 
the survival of the prosthesis [8, 9].

 2. Equinus deformity of the ankle: There are two 
ways one can walk with an equinus deformity 
at the ankle: (a) by flexing the knee, if quadri-
ceps is good; or (b) by transferring extension 
forces on the knee when the foot is loaded and 
hence producing a hyperextension moment on 
the affected knee. In this condition correcting 
the equinus deformity first or simultaneously 
while doing a knee replacement is critical to 
avoid the hyperextension force on the oper-
ated knee. The equinus deformity may be 
treated depending on the cause. The treatment 
options involve using ankle-foot-orthoses 
(AFO) in mild and early cases. In more severe 
cases, Achilles tendon lengthening, lengthen-
ing of the calf muscle aponeurosis may be 
required. In extreme cases, an ankle arthrode-
sis/pantalar arthrodesis may be required.

 3. Reversed tibial slope, as may happen in old 
tibial plateau fractures or as a result of a previ-
ous high tibial osteotomy. This may simulate 
a Posterior Cruciate Ligament (PCL) deficient 
situation, allowing the tibia to translate more 
posteriorly, hence causing progressive poste-
rior capsular stretching, and hence genu recur-
vatum. In cases with mild reversal of slope 
with not much stretching of posterior capsular 
tissues, one may be able to circumvent the 
stretched tissues by using a standard 
TKA.  Special attention is to be paid to the 
slope of the tibial prosthesis and minimum 
bone cuts taken to accommodate stretched tis-

sues. Navigation is especially useful in intra-
operative planning in these cases.

 4. Severe genu valgum deformity. In this situa-
tion, if the iliotibial band is tight, the knee 
center of rotation shifts anteriorly on exten-
sion leading to hyperextension. 
Hyperextension component is usually not 
much and such cases can be managed like 
treating a valgus knee with osteoarthritis 
using the same principles of balancing the 
flexion and extension spaces.

 5. Severe genu varum leading to a triple varus 
that is characterized by varus deformity at the 
tibiofemoral joint, overstretching of lateral 
tibiofemoral compartment, presenting as knee 
with a varus-recurvatum position. It is usually 
possible to manage such knees in a standard 
method of TKA.

 6. Ligamentous deficiency causing genu recur-
vatum can only be managed by hinge joint.

 7. Genu recurvatum due to bone loss may some-
times happen in severe rheumatoid cases. 
Such cases can be managed rather well by 
using augments to substitute bone loss. 
Ligaments are in good shape in such cases, 
and hence a stable TKA is not difficult to 
achieve.

 8. Quadriceps rupture post-TKA surgery that 
has resulted in inefficient quadriceps will 
behave like a weak quadriceps due to any 
other reasons. The posteriorly directed force 
on the knee required to stabilize will lead to 
genu recurvatum.

 9. In a post-TKA situation where the knee has 
been left in recurvatum due to the above- 
mentioned conditions that are left untreated 
leading to progression of the genu recurvatum 
deformity.

18.3  Management

From a management viewpoint, all recurvatum 
arthritic knees can be divided into three 
categories:

 (a) Bone deficiency is the main cause of genu 
recurvatum: In such cases, just building up the 

Fig. 18.4 Clinical image showing neutral alignment 
achieved in the sagittal plane with no genu recurvatum
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bone defect is the only requirement. Since lig-
aments are generally well maintained, it works.

 (b) Posterior lax soft tissues due to whatever eti-
ology is the reason for genu recurvatum: In 
milder cases, it is possible to achieve a bal-
anced knee by distalizing the femoral cut and 
using conventional posterior stabilizing 
implants. But, threshold for using more con-
strained implants should be low. In cases 
with severe posterior lax tissues, only option 
is a hinge replacement.

 (c) Posterior lax tissues with equinus deformity 
of the ankle: In such cases, correction of the 
equinus deformity of the ankle and thus 
 neutralizing the hyperextension influence of 
the same on the knee is the key. This is the 
main factor leading to recurrence of the 
TKA.  Even if a hinge prosthesis has been 
used, which has an anterior block and does 
not allow hyperextension, will fail if such a 
posteriorly directed force continues. In such 
a scenario, the failure happens at the implant–
bone junction.

18.4  Basic Surgical Pearls

While operating on a recurvatum knee:

 1. Look for the extra-articular cause for the 
development of genu recurvatum. If that 
exists, attending to that is most crucial aspect 
of achieving a successful TKA.

 2. If a bone defect is the main cause of recurva-
tum, just managing bone defects may be 
enough. But, still, since some amount of 
stretching has happened in such cases walking 
on genu recurvatum for some time, that has 
also been attended to by working on tibial 
slope and gaps, as discussed subsequently.

 3. If the genu recurvatum in knee is primarily 
due to soft tissue overstretching.

 (a) Insall suggested smaller distal femoral and 
tibial cuts with using larger inserts as a possi-
ble method of correcting genu recurvatum. 
However, this may alter the joint line [3]. This 
method balances the gaps and can normalize 
the extension on table. However, in subse-

quent locomotion, in a situation where the 
quadriceps is weak, more by way of habit, 
there is a constant hyperextension force hap-
pening at the knee that would eventually cause 
the knee to go back into genu recurvatum.

 (b) Whiteside explains that the main problem 
leading to a recurvatum is that the distance 
between the insertions of the collaterals to the 
joint line is less than the distance to the poste-
rior femoral condyle. Hence allowing the tibia 
to cross the midline into hyperextension before 
the collaterals or posterior capsule tightens. 
The management algorithm suggested by him 
was to under resect the distal surface of the 
femur, over resect the posterior femur as well 
as increase the tibial slope posteriorly. This 
was done on table by resecting 4–6 mm less 
than the thickness of the implant from the 
intact side. The proximal most edge of poste-
rior femoral condyle was marked and then 
remaining uncovered bone was removed after 
the trial components were removed. Augment 
was used in the distal femur to build up the 
flexion space and distalize the joint [11].

 (c) Using a distal femoral augment along with 
under resection of the distal femur is a pos-
sible solution that leaves the knee in a few 
degrees of flexion post-surgery as it contracts 
the extension space to prevent hyperexten-
sion or recurvatum deformity post-op.

 (d) In rare cases, a flexion osteotomy of tibia is 
done in the first stage to reduce the tibial 
slope that may be contributing to genu recur-
vatum. After a slope reduction osteotomy, 
the TKA may be planned later when the oste-
otomy has healed.

 (e) Lateral Epicondylar osteotomy with proxi-
mal and posterior fixation of the epicondyle 
can be done in certain cases of severe valgus 
deformity leading to recurvatum. This tight-
ens the collaterals and hence reduces the 
recurvatum. However, this is a nonanatomi-
cal procedure that can possibly lead to com-
plications such as nonunion and unpredictable 
effects on knee biomechanics. This surgical 
technique can be successful in those cases 
that do not have neuromuscular pathologies.

 (f) Using a constrained implant like a hinge knee 
helps in preventing the knee from going into 
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recurvatum post-op. Recurrence of the recur-
vatum deformity after a TKA is responsible 
for instability and lower patient- reported out-
comes. Recurvatum deformity post-op is 
associated with lower patient- reported out-
come scores as compared to those with a flex-
ion deformity. The hinge implant has an 
extension stopper and connection between 
the femur and tibial  components and hence 
easier to balance the flexion and extension 
gaps. However, there is an increased load 
transfer to the implant in constrained devices 
like this. The rotating hinge is an improve-
ment in this design reducing the shear force 
and transferring the load to the joint rather 
than the hinge mechanism, preventing its 
early failure. The usage of this implant is a 
last resort but should be the primary option in 
those with neuromuscular disorders causing 
genu recurvatum (Fig. 18.1).

 (g) In a case of primary knee arthroplasty with 
reasonable quadriceps, but still complicated 
by a genu recurvatum deformity, initial treat-
ment is gait training and using hyperexten-
sion prevention brace. In some cases, 
epicondylar osteotomies or revision to a 
hinge may be required.

18.5  Discussion

Genu Recurvatum is a rare condition complicat-
ing a primary total knee replacement. Treatment 
options depend on the etiology of the patient. The 
causes may be in a primary setting or may com-
plicate a previously done TKA.

The knee joint is not only stabilized by the 
bony anatomy but by the soft tissues surrounding 
it like the collateral ligaments and the capsule 
posteriorly. The posterior capsule is especially 
important in preventing the knee from going into 
hyperextension. Neuromuscular disorders are a 
relative contraindication to TKA but when done, 
the only option is a hinge joint as only that can 
prevent the knee from going into hyperextension. 
However, the post that connects the femur and 
tibial components are potentially under a lot of 
stress post-surgery. Initial designs had a fixed 
poly but due to fast wear rates and lower survival 

rates of the implant a rotating hinge was con-
ceived. This uses a poly that is not fixed and 
reduces the stresses at the implant–bone inter-
face. Studies have shown better longevity with 
these rotating hinge implants. However, there is 
still the potential of the hinge to break due to con-
stant hyperextension moment acting on it.

Treating this condition is difficult as there is 
no particular method that is conclusively accept-
able without any recurrence or potential compli-
cation affecting the longevity of the knee. 
Prevention is the best method of treating genu 
recurvatum, especially when it comes to post- 
primary TKA.

In such a situation the intention is to do a knee 
replacement with the least constraint.

Meading reported a case series of 57 TKA’s 
with a mean recurvatum of 11° treated with a cru-
ciate retaining implant and not using thicker 
components. They had a 4.5-years follow up with 
only two knees having a hyperextension of 10°. 
Sixty-six percent of the TKA’s had no change in 
the joint line. A mean extension of 0° was 
achieved in this study [10].

It has been shown that the extension achieved 
on table does not lead to genu recurvatum later 
on. This, however, does not apply to those with 
neuromuscular disorders. Poliomyelitis patients 
and those with significant quadriceps weakness 
have been shown to have recurrence of instability 
with lower functional scores. Lower quadriceps 
strength correlated with recurrence of hyperex-
tension and worse pain scores post-op.

A series of navigated TKA‘s in genu recurva-
tum using PS and CR knees showed that in these 
cases the amount of bone resection was less than 
the control group and the poly inserts used were 
more. The follow up alignment at 72 months fol-
low up in these knees showed less hyperexten-
sion in the genu recurvatum group as compared 
to the control group. Patient-reported outcomes 
were, however, the same. This series excluded 
rheumatoid and neuromuscular cases. 
Interestingly none of the patients complained of 
genu recurvatum symptoms preoperatively [5]. 
Navigation related studies have estimated genu 
recurvatum’s incidence to be higher than previ-
ously thought [4, 5]. Previously done studies, 
however, used a goniometer to quantify.
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A prospective cohort study that compared 
leaving the knee in a fixed flexion deformity 
(FFD) versus recurvatum showed better Patient 
Reported Outcome Measures (PROM) scores 
and correction of the deformity to neutral in FFD 
cases as compared to recurvatum cases. This 
could be attributed to the fact that quadriceps 
strength improves over time bringing the knee 
closer to neutral. On the contrary, patients with 
hyperextension at 6 months post-TKA are more 
likely to have recurvatum at 2  years follow up 
[12]. Hence it is better to err on the side of FFD 
rather than recurvatum though neutral sagittal 
alignment is the key.

There have been studies evaluating the effect 
of TKA’s on patients with poliomyelitis with 
degenerative joint disease in the knee. Implants 
such as CR, PS, and LCCK knees have been 
used. There was a mean follow-up of 5.5 years in 
82 knees reviewed. There was a 7% revision rate 
at a mean 6.4 years follow-up. Forty-four percent 
of all the knees had genu recurvatum preopera-
tively out of which 28% continued to have it post-
operatively. All studies, however, reported better 
clinical outcomes [13]. Locking the knee in 
hyperextension is a method by which people with 
weak quadriceps stabilize the knee. Restricting 
this mechanism post-surgery can potentially be 
detrimental to the patient, as they cannot stabilize 
the knee while walking. However, allowing 
hyperextension also negatively impacts the knee 
as it can cause progression of genu recurvatum 
by causing the ligaments capsules and posterior 
stabilizing structures to stretch, leading to hyper-
extension. As a compromise, these days rotating 
hinge implants are available that have 5° hyper-
extension inbuilt in them to allow the patient to 
stabilize the knee and prevent progression of 
genu recurvatum. Hence in the presence of less 
than antigravity quadriceps strength, a con-
strained implant design is recommended.

18.6  Summary

Management of genu recurvatum in patients 
without neuromuscular weakness and less than 
antigravity quadriceps can be treated success-

fully with non-constrained conventional implants. 
However, in the presence of less than anti-gravity 
quadriceps strength a constrained implant design 
like a hinge is recommended.
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Total Knee Arthroplasty in Persons 
with Haemophilia

Shubhranshu S. Mohanty, Ashwin H. Sathe, 
and Swapnil A. Keny

19.1  Introduction

Haemophilia is a X-linked recessive haemor-
rhagic disease with a prevalence of 11·2 cases per 
100, 000 men and boys in all ethnic groups [1]. 
Recent studies show a median life expectancy of 
a severe haemophiliac to be of 63 years [2] with a 
reduction of about 10  years than healthy men, 
despite treatment. This improved lifespan makes 
appropriate orthopaedic intervention to improve 
quality of life ever so more worthwhile now than 
in the past.

Haemophilic arthropathy is usually multiar-
ticular and surgery may be considered when con-
servative management fails. Synovectomy, soft 
tissue release, osteotomy, arthrodesis, and total 
joint arthroplasty are some of the available treat-
ment options. Total knee arthroplasty (TKA) has 
proven to be the gold standard treatment for end- 
stage haemophilic arthropathy [3]. Haemophilic 
arthropathy commonly presents as bleeding ten-
dency in a relatively younger age, restricted range 
of motion (ROM) and altered joint anatomy. 
Increased risk of complications, make it is neces-
sary to consider these several important issues 
during TKA in patients with haemophilia 
throughout the treatment.

The presentation of haemophilic arthropathy 
in India is further complicated by late presenta-

tion, neglected disease, lack of availability of the 
factor, cost of replacement therapy, lack of aware-
ness, and improper treatment at inappropriate 
time. All these problems eventually lead to a situ-
ation where the surgeon has to deal with pro-
found bone loss—a revision arthroplasty-like 
situation.

Haemophilia is a high-cost low volume dis-
ease and scientific data on joint arthroplasties in 
the Indian haemophilic population is not avail-
able. Surgeries in this condition require a higher 
level of technical expertise and financial commit-
ment. A team-based approach, involving haema-
tologists, orthopaedic surgeons, physiotherapists, 
occupational therapists, immunohaematological 
facilities, and good laboratory support is highly 
essential.

19.2  Indications of TKA 
in Haemophilia

The decision to go ahead with total knee arthro-
plasty mainly depends upon the amount of func-
tional restriction, severity of the pain and other 
symptoms, the stage of the disease, and available 
resources. As the radiological picture is often 
much worse than the clinical presentation, it is 
important to treat the patient’s symptoms rather 
than the radiograph. When all the conservative 
methods fail, and the patient still suffers from 
incapacitating pain and severe functional impair-
ment, decision of performing TKA should be 
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taken [4]. There are no defined criteria as to when 
exactly should a patient with haemophilia be 
operated [3]. However, the operating surgeon 
must remember that the arthroplasty in haemo-
philia patients is associated with poor results and 
frequent complications due to severe deformity, 
extra-articular quadriceps contracture, high inci-
dence of implant loosening, and high infection 
rates [5]. Apart from this, the co-existing illnesses 
like association of Human Immunodeficiency 
Virus (HIV), Hepatitis B Virus (HBV), and 
Hepatitis C Virus (HCV) contribute to the 
increased mortality rates [5]. The association of 
these viruses is rather common due to frequent 
administration of blood and blood products.

19.3  Administration of Factor

TKA is a major surgery and requires adequate 
resources to make factor available. The cost of 
clotting factor exceeds all other costs while per-
forming surgeries in this subset of patients [6]. 
Cost of replacement therapy is prohibiting espe-
cially in developing countries. Methods to reduce 
the amount of required factor include multiple 
procedures in a single session, addition of adjunc-
tive haemostatic agents, and administration of 
factor concentrate by continuous infusion [6].

Multiple protocols are recommended for fac-
tor replacement in haemophilic patients undergo-
ing TKA. Some researchers have suggested the 
level of 120% for factor VIII and factor IX during 
induction of anaesthesia, extra 40% after 4 h in 
operating room, level of 60–80% for 72 h postop-
eratively, 50% for 14 days, 30–40% for 3–4 weeks 
and 40% before each physical therapy session up 
to 6 weeks after surgery [7]. The World Federation 
of Haemophilia (WFH) recommends a desired 
preoperative factor level of 80–100% for major 
surgeries in haemophilia A and a level of 60–80% 
for haemophilia B, with post-operative levels 
gradually tapering to approximately 50% until 
the wound is healed (typically over a period of 10 
to 14 days) [8]. The half-life of factor VIII and 
factor IX are 8–12 h and 18–24 h, respectively. 
Factor replacement can be done in two ways.

19.3.1  First Option

The initial dose (patient’s weight (in kg) multi-
plied by the desired rise in factor level multiplied 
by the volume of distribution (for factor VIII and 
factor IX, this equals 0.5 and 1, respectively).

Formula: weight (kg)  ×  factor level 
desired  ×  0.5  =  number of factor VIII units 
needed.

Formula: weight (kg)  ×  factor level 
desired × 1 = number of factor IX units needed.

The subsequent doses are usually half of the 
first dose and are given at almost one half-life of 
the product. Patient’s measured factor level and 
the desired peak level determines the doses.

19.3.2  Second Option

After the Initial dose (as described above), a 
continuous infusion of 4 IU/kg/h and 6 IU/kg/h 
for factor VIII and factor IX, respectively, can 
be given. Routine evaluation of factor activity 
levels should be a protocol to determine the 
titratation of dose adjustments. The individual 
pharmacokinetic variations can alter the factor 
levels, factor half- life and ultimately the hae-
mostasis. Thus, careful monitoring of factor 
levels is a must [3].

We follow our institute haematology depart-
ment’s protocol which involves 80–100% correc-
tion of Factor VIII or IX before surgery, with a 
same dose repeated after 12 h for Factor VIII and 
24 h for Factor IX. Daily correction of 80–100% 
is provided for 2 days (twice a day for factor VIII, 
once a day for factor IX). As per this protocol, 
patients are reviewed on third day by the haema-
tologist for modification of dose or factor supple-
mentation and addition of oral tranexamic acid. 
This allows individualized replacement dosing 
for each patient as per the need, what is known as 
“On Demand” factor infusion strategy. A subse-
quent factor supplementation is given before 
suture removal on day 15. Any procedures like 
wound inspection, drain removal, secondary 
suturing etc. are always done under cover of fac-
tor replacement.
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19.3.3  Inhibitors of Factor

Inhibitors of factor (neutralizing alloantibody 
against infused factor) pose a unique challenge, 
as they bind to the infused factor and render it 
ineffective [9]. Detecting the presence of 
 inhibitors in preoperative assessments is of 
utmost importance. A patient with inhibitor titre 
>5 Bethesda unit with a high responding inhibi-
tor needing a major surgery like TKA, a bypass-
ing product needs to be used. These products 
include recombinant activated factor VII (rFVIIa) 
and activated prothrombin complex concentrates 
(aPCCs) such as FEIBA (Factor Eight Inhibitor 
Bypassing Agent) that contain an activated form 
of a downstream clotting factor in the coagula-
tion cascade. For inhibitor positive haemophilia 
A patients, both of these products could be 
selected. However, rFVIIa is the preferred agent 
for haemophilia B as it does not contain factor IX 
which can cause anaphylaxis upon exposure in 
these patients. One must be cautious about throm-
boembolism (VTE) as these bypassing agents are 
prothrombotic, especially aPCCs (FEIBA) [3]. 
When rFVIIa is administered 90 to 120 mcg/kg 
every 2–3  h until haemostasis is achieved, at 
3–6  h intervals after haemostasis has been 
restored, FEIBA is given as 50 to 100  units/kg 
every 6–12 h (not exceeding 100 units/kg/dose or 
200  units/kg/day). Dose adjustment is by the 
clinical response rather than laboratory testing. 
This protocol continues for at least 48–72 h for 
major surgeries and is followed by tapering of the 
dose by increasing the dosing intervals. 
Plasmapheresis is another option for inhibitor 
positive haemophilic patients (>5 Bethesda unit) 
with life-threatening bleeding when bypassing 
agents are ineffective [3].

Moreover, sometimes a person with haemo-
philia (PWH) is likely to develop Inhibitors dur-
ing the post-operative period due to recurrent 
factor infusion and hence ‘Inhibitor assay’ is an 
inherent protocol followed by haematologists 
during post-operative period. As the process of 
factor infusion and dosing is complex as well as 
tackling of complications may be required, it is 
advisable to involve an experienced haematolo-

gist in the team for factor dosing guidelines and 
administration.

19.4  Preoperative Care

TKA in haemophilic patients is a challenging and 
technically demanding process due to altered 
anatomy, marked bony deformities and defects, 
diffuse osteopenia, soft tissue contracture, and 
muscle atrophy. Thus, the operating surgeon 
should be familiar with the complex and revision 
TKA techniques. Preoperatively, bilateral knees, 
hips, and ankles must be evaluated as multiple 
joint involvements may alter the surgical plan. 
Anteroposterior, lateral, skyline, and notch view 
of both knees are necessary. Adding scanogram 
of both lower limbs and/or CT scan may be 
needed to complete the evaluation of the anat-
omy, alignment, and bony defects.

It should be clear that pain relief is the main 
and the most important goal to achieve after the 
surgical procedure. The goal of achieving func-
tional arc of movement is the most difficult one, 
and must be explicitly discussed with the patient 
preoperatively [10].

19.5  Intraoperative 
Considerations

The entire spectrum of haemophilic knee varies 
from a stiff knee due to predominating inflamma-
tory component to a grossly unstable knee due to 
bone loss and ligamentous laxity (Fig. 19.1a–g).

Each patient needs individual assessment and 
planning before surgery to execute it meticu-
lously in order to achieve alignment and stability. 
A posterior stabilizing (PS) prosthesis is most 
commonly used prosthesis in these patients [11]. 
Due to the prolonged varus/valgus deformity and 
muscle atrophy, the risk of intraoperative joint 
instability in haemophiliacs is much more than 
primary TKA in osteoarthritic patients. 
Constrained knee and sometimes hinge prosthe-
sis may be necessary for managing instability 
(Fig. 19.2a–l).
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Antibiotic prophylaxis should be started pre-
operatively with the first dose administered 
30 min prior to surgery and should be continued 
for 48 h post-operatively. The use of a tourniquet 
during TKA in haemophiliacs is highly 
 recommended. However, meticulous haemostasis 
after deflating tourniquet is necessary at the end 
of TKA before the closure to avoid formation of 
haematoma post-operatively.

Standard midline incision is taken. Wherever 
present and feasible, the scar of previous surgeries 
such as open synovectomy or corrective osteoto-
mies are incorporated in the incision. The capsule 
is entered through the median parapatellar 
approach extending from tibial tubercle to upper 
pole of patella. Restricted patellar subluxation 
may make the exposure difficult in some patients 
with marked adhesions, arthrofibrosis, and 
decreased ROM which is not uncommon in hae-

mophilic patients. Thus, extensile approach may 
be required to prevent patellar tendon avulsion. 
Proximal release includes Quadriceps snip and 
V-Y quadricepsplasty. Post-operative extension 
lag is a complication of V-Y quadricepsplasty 
(Fig. 19.3a–f). Quadriceps snip provides enough 
exposure in almost all haemophiliac patients 
undergoing TKA [3]. Tibial tubercle osteotomy, 
which has an advantage of not disturbing the 
quadriceps mechanism can also be used.

Synovectomy is part of TKA in patients with 
haemophilia and should be done in all patients. 
Synovectomy aids in exposure and reduces the 
chances of post-operative bleeding in the replaced 
joint in the future.

Most of haemophilic patients requiring TKA 
present with limited range of motion (ROM), 
flexion contractures, stiffness, and even ankylosis 
of the involved joint. Some patients with long- 
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Fig. 19.1 (a–c) Preoperative radiographs of both knees 
in a PWH with unstable knee with bone loss. (d–f) Follow 
up radiographs at 7-years post-surgery. (g) Seven- year 

follow up scanogram showing well aligned lower limbs 
with bilateral TKR and right-sided THR
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standing knee arthropathy and flexion contrac-
ture, may have residual contracture at the end of 
the surgery. This contracture in PWH does usu-
ally resolve in 6  months with physical therapy 
and splints [3]. It is important to achieve residual 
flexion contracture <15° so as to maintain  positive 
step length and forward movement of the centre 
of gravity [12].

For valgus and external rotation contractures, 
initially a meticulous capsular release is done 
from the lateral tibial margin. Contracted poplit-
eus tendon if present needs to be released from its 
femoral attachment. Posterior arcuate ligament 
complex is released by developing subperiosteal 
flap extending proximally into lateral intermus-
cular septum of the distal femur. During the 
release of the posterior structures, the knee must 
be placed in 90-degree flexion with distraction of 
the joint to avoid injury to neurovascular 
structures.

Bone loss if present should be assessed while 
taking the cuts. Contained lesions like a subchon-

dral cyst can be filled with impaction bone graft-
ing. Smaller defects can be filled with bone 
cement with or without a screw and larger defects 
may require prosthetic augments or structural 
bone grafts.

Altered knee anatomy in PWH mandates that 
the surgeon takes into account the peculiar issues 
associated with a haemophilic knee as mentioned 
below.

19.5.1  The Femur

Physeal overgrowth in early age, widening of the 
femoral intercondylar notch, and huge osteophytes 
are characteristic features in this group of patients. 
The mediolateral diameter is often more compared 
to anteroposterior diameter, which decides the size 
of the components. The small anteroposterior 
diameter may be due to the result of small poste-
rior condyles and deep patellofemoral grove. This 
altered anatomy may result in improper placement 
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Fig. 19.2 (a) Preoperative clinical picture showing flex-
ion contracture >110° in a patient with severe haemo-
philia. (b, c) Preoperative anteroposterior and lateral 
radiographs of left knee. (d, e) first stage of surgery: soft 
tissue release followed by serial casting. (f–h) Second 

stage surgery: total knee arthroplasty, constrained pros-
thesis used due to flexion instability. (i–l) Serial cast cor-
rection of the flexion deformity after total knee 
arthroplasty
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of guide for taking femoral cuts as the surgeon 
may inadvertently slide posteriorly. This will 
result in posterior translation of the cutting guide 
and thus, the thicker anterior cut which can end up 
in anterior notching of the femur but rarely a distal 
femur fracture. Oversizing the femoral component 
results in tight flexion gap due to the shortened 
collaterals as well as a tight extension gap due to 
non- availability of the posterior space and resul-
tant capsular tightness.

19.5.2  The Tibia

Huge osteophytes may mislead the surgeon while 
determining correct joint limits, leading to mal- 
aligned prosthesis [3]. A three dimensional proxi-

mal tibial deformity is a common occurrence, 
especially in those patients who have bled in 
childhood resulting in physeal damage. Thus, a 
surgeon must carefully take a perpendicular cut 
by considering the alignment of the jig to the dis-
tal tibia at the ankle. The variations in the tibial 
slope such as decreased posterior slope or the 
reversal of tibial slope should be ignored and cuts 
should be taken as usual. There may be increased 
chances of inadvertent fracture of the proximal 
tibia due to the deformity, especially while insert-
ing the keel of the tibial component. Years of hae-
mophilic arthritis may result in the loss of tibia 
while relatively intact fibular head, making it 
more prominent. Thus, there may be a need to 
trim fibular head so as to allow clearance between 
the proximal aspect of tibial head and tibial tray.

a d

fecb

Fig. 19.3 (a) Clinical image of an haemophilic stiff knee 
with flexion deformity. (b, c) Anteroposterior and lateral 
radiographs showing ankyloses of the knee. (d) 
Intraoperative image after quadricepsplasty and Total 

Knee Replacement. (e, f) Post-operative radiographs 
showing TKA.  Patella baja after quadricepsplasty in an 
acceptable position
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19.5.3  The Patella

We prefer patella resurfacing unless there is pres-
ence of extreme osteoporosis and thin patella 
(residual thickness <10 mm after the cut). Efforts 
should always be made to preserve as much bone 
as possible. Cutting the patella first helps 
 relieving tension and allows for easy retraction of 
the extensor mechanism and patella laterally. In 
cases with valgus knee with laterally subluxated 
or chronically dislocated patella, extensive lateral 
release and medial transfer of anterior tibial 
tubercle may be required to achieve normal track-
ing. In patients with patella baja, there is no room 
available to move the tibial polyethylene insert 
away from patella. Lowering the joint line and 
proximal placement of the patellar button can 
resolve this problem.

After the final implantation and achieving 
haemostasis, the joint is irrigated, and a drain is 
inserted and kept in place for 24–48  h post- 
operatively. The capsule and the extensor mech-
anism are closed with the knee in a flexed 
position. In order to test the sutures and check if 
the extensor mechanism tracks centrally, a full 
passive range of motion of the knee is performed. 
Metal staples are advised to close the skin [13]. 
Intra- articular tranexamic acid (TXA) is shown 
to be effective in reducing the blood loss and 
transfusion rates. We routinely instil haemostatic 
ferracrylum solution (1% w/v) along wound 
margins and intra-articularly in all cases of 
haemophilia.

19.6  Post-operative Care

Compression bandage for reducing bleeding and 
splintage to maintain extension of the knee 
should be used in all cases. All the patients should 
undergo cryotherapy in the form of intermittent 
local ice application 3–4 times daily. 
Subsequently, flexion should be started under the 
supervision of an experienced physiotherapist 
and under factor cover. Patients tend to keep the 
knee in flexion to avoid pain and thus, attention 
should be focused on maintaining full extension. 
The continuous passive motion (CPM) machine 

can be helpful in order to gain flexion and should 
preferably be used intermittently every day. 
Complete recovery requires twice daily rehabili-
tation 5 days a week for the first 3–4 weeks after 
surgery. A clotting factor level of 30% prior to 
each session is generally enough to safely per-
form the rehabilitation program. If the results are 
encouraging, physiotherapy could be reduced to 
3  days a week and continued for an additional 
period of 6–9  weeks. Unfortunately, despite a 
post-operative continuous passive motion, rigor-
ous physical medicine, rehabilitation, and patient 
cooperation, a progressive loss of range of motion 
can occur related to the formation of new fibrous 
tissue [13].

19.7  Discussion

Total knee replacement (TKR) has proven to be 
the gold standard for the treatment of end-stage 
chronic arthropathy in haemophilic patients [14]. 
However, the functional outcomes and survival 
rate of TKA in patients with haemophilia is gen-
erally inferior to TKA in osteoarthritis patients. 
Preoperative range of movements (ROM) deter-
mines post-operative ROM, which is usually 
more restricted in patients with haemophilia. A 
mean post-operative ROM from 6.07 to 82° has 
been reported in haemophilic patients, which is 
much less than ROM after TKA in non- 
haemophilic patients (0–129°) [3]. Although the 
average final functional score after TKA is higher 
in patients without haemophilia, the average 
improvement in Knee Society Score and HSS 
Knee Score in non-haemophilic patients is simi-
lar to haemophilic patients [3, 14].

EC Rodriguez-Merchan reported a survival 
rate of 97% at 7.5  years taking removal of the 
prosthesis for loosening or infection as the end 
point [15]. Goddard et al. reported a 20-year sur-
vival rate of 94.0% in PWH undergoing TKA, 
which was similar to non-haemophilic popula-
tion. The rate of infection and aseptic loosening 
were also found to be the same as the normal 
population [16]. Weidel et  al. reported that a 
PWH after undergoing a total joint replacement 
with modern techniques and implants can expect 
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survival of the joint for more than 20 years [7]. 
The main reasons for patient satisfaction are the 
pain relief and increased quality of life due to 
better ROM, especially in extension. These 
promising outcomes make TKA a much more 
valuable option in end-stage haemophilic 
arthropathy.

19.8  Complications

The overall complication rate following TKA in 
haemophiliacs is relatively high. In a meta- 
analysis, Moore et al. reported 106 complications 
performed in 336 TKAs (31.5%). Even though 
they included infection and revision for infection 
as two rather than one complications; the rate of 
complications was still high [11]. However, 
improvement in surgical technique and implant 
designs as well as access to factor concentrate 
has decreased the complication rate after TKA in 
haemophiliacs [17].

Wound problems and superficial infections 
can occur, especially if the wounds are leaking 
in the early post-operative period. Adequate use 
of the factor and local pro-coagulating agents 
like ferracrylum and meticulous haemostasis 
before closure can reduce these complications. 
Similarly, post-operative haematoma forma-
tion, can serve as a nidus for the bacteria and 
may serve as a potential source of infection. 
This can be prevented by the use of drains dur-
ing closure, achieving proper haemostasis and 
maintaining adequate factor levels as described 
earlier.

Infection is the most devastating complica-
tion after TKA. The risk of periprosthetic joint 
infection (PJI) after TKA in patients with bleed-
ing disorders is 7.1% which is much higher than 
the general population (<1%) [11]. It is very 
important to consider that late infection is more 
common in this patient population and the lon-
ger the follow up, the higher are the rates of the 
complication reported in literature [3]. There are 
several explanations for higher infection rate in 
these patients including higher rate of HIV and 
HCV infection, frequent intravenous infusion of 
coagulation factors which increase the risk of 

bacteraemia, and high incidence of hematoma 
which is a known risk factor for PJI [18]. 
Prophylactic antibiotic usage, antibiotic loaded 
cement and use of pulse lavage for irrigating the 
surgical field intraoperatively are some of the 
strategies we employ to reduce chances of 
infection.

The role of chemical thromboprophylaxis 
after TKA in patients with haemophilia is yet to 
be determined. Cancienne et  al. demonstrated 
3.2% venous thromboembolism (VTE) rate after 
TKA in haemophilic patients which is surpris-
ingly higher than the 1.4% rate in general popula-
tion (P  <  0.0001) [18]. However, AAOS 
guidelines recommend no chemoprophylaxis in 
patients with bleeding diathesis, as the bleeding 
diathesis in haemophilic patients with disrupted 
coagulation pathway may interfere with antico-
agulant agents after TKA [19].

Blood loss is a known complication of TKA in 
patients with bleeding diathesis. The reported 
frequency of blood transfusion following TKA in 
haemophilia is 29.1% to 58%, which impose all 
inherent complications of blood transfusion 
including immunomodulation like antibody pro-
duction, infections, allergic reactions, prolonged 
hospital stay, and rehabilitation time [18, 20]. 
Use of tourniquet, achievement of haemostasis 
before closing the wound, tight closure without 
dead space, local tranexamic acid/ferracrylum, 
and most importantly adequate factor cover are 
some of the strategies that we use to minimize the 
blood loss.

The higher rate of aseptic loosening after TKA 
in haemophilic patients (about 6%) in relation to 
general population could be attributed to their 
younger age at the time of operation (average of 
39 years) and therefore, higher demand placed on 
the prosthesis and thus, more wear [18, 20].

19.9  Summary

Arthroplasty in PWH (Persons with Haemophilia), 
although technically challenging, can be done 
with very good results and without any serious 
complication by a team-based approach, involving 
haematologists, orthopaedic surgeons, physiother-
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apists, occupational therapists, immunohaemato-
logical facilities and good laboratory support. An 
orthopaedic surgeon involved in managing com-
plex and revision knee replacements along with 
day-to-day experience in managing musculoskel-
etal complication of haemophilia would be ideal 
for getting an optimum result with an excellent 
long-term outcome.
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Total Knee Arthroplasty in Patient 
with History of Previous Knee 
Sepsis
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20.1  Introduction

Infection in a joint always leads to dreaded com-
plications and commonly ends with either joint 
destruction or ankylosis. Even if the infection is 
cured, the sequelae of infection may lead to 
residual deformity, stiffness, fibrosis and scar-
ring. Any kind of surgery has the risk of reacti-
vation of infection, and total knee replacement 
surgery in such a setting is complicated and 
technically demanding. The difficulties arise 
because of the scarring, previously healed 
sinuses, loss of skin and muscle mass, difficult 
exposure requiring different approaches, stiff 
and fibrotic tissues, grotesque deformities and 
contractures that need lots of soft tissue releases 
and variable degrees of bone loss encountered 
during the procedure. Before proceeding with 
the replacement, infection must be ruled out. 
When in doubt, a two- stage procedure should be 
undertaken.

20.2  Preoperative Planning

A thorough history of previous surgeries (open 
injuries, previous failed trauma surgeries, 
retained implants, multiple debrima, MRSA 
infections) is important. Physical examination 
must mention the skin condition, scarring, healed 
sinus, any grafts/flaps at proposed incision site 
and multiple healed incisions should be kept in 
mind. Clinical assessment of range of motion and 
deformity is done. Routine X-rays may show 
periosteal reaction, endosteal scalloping, evi-
dence of osteomyelitis or sequestra. MRI scans 
may be helpful in  localizing the infection. The 
first and foremost thing is to rule out infection. A 
routine CBC, ESR, CRP is performed, and if 
elevated, they warrant a joint aspiration. Joint 
aspiration is done and sample sent for synovial 
polymorphonuclear cell count(>3000  cells/μL 
for chronic infection and 80% polymorphonu-
clear cells), aerobic and tubercular culture. If the 
culture turns out to be negative, we can proceed 
with the replacement. The decision to do a single 
stage or a two stage is largely dependent upon the 
surgeon’s acceptance of the single-stage philoso-
phy, the patient’s immune profile and whether 
any growth is seen on cultures. If there is evi-
dence of infection or an iota of doubt regarding 
persistent infection, it is recommended to go 
ahead with a two-stage procedure.

The patients are counselled about more than 
the usual risk of getting a periprosthetic joint 
infection.

M. Sharma (*) 
Associate Director and Head of Department 
Orthopedics, Asian Institute of Medical Sciences, 
Faridabad, Delhi NCR, India 

J. Bashir 
Guru Hospital, Sopore, Jammu and Kashmir, India

20

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-8591-0_20&domain=pdf
https://doi.org/10.1007/978-981-16-8591-0_20#DOI
https://orcid.org/0000-0002-1339-3056


266

20.3  Scenario 1: Single-Stage TKA

A 45  year male had developed infection in his 
right knee almost 17  years ago, for which an 
arthrotomy and drainage procedure was done. No 
records were available regarding the kind of infec-
tion or the organism found at the time of surgery. 
From the past history, we could gather that he was 
suffering from Hepatitis B. The result of the infec-
tion was a stiff and short limb with a flexion con-
tracture of 40° and further painful flexion possible 
upto 70°. The gait was antalgic. There was a healed 
arthrotomy scar present anteriorly. Neurovascular 
status was intact. Plain AP and lateral radiographs 
of the knee showed an arthritic joint with com-
pletely worn out femoral condyles and haziness of 
the joint line suggestive of intra-articular fibrosis 
(Fig. 20.1a). The lateral view showed hypoplastic 
femoral condyles (Fig. 20.1b). A scanogram was 
done to check for the mechanical axis (Fig. 20.1c). 
Routine blood parameters like TLC 8000/μL, ESR 
was 32 mm Ist hr fasting, and CRP was <5 g/dL 

were within normal limits. Joint aspiration 
revealed a clear fluid (synovial fluid white blood 
count <100 cells/μL and 9% polymorphonuclear 
cells) with no growth on cultures.

Surgical Approach: A midline approach based 
upon the lateral most previous incision is pre-
ferred because the blood supply of the skin 
around the knee is supplied medially. It is recom-
mended to leave a gap of around 7 cm between 
two incisions. Always develop full-thickness 
flaps to avoid skin necrosis. Knee aspirate for 
culture should be taken before exposing. A quad-
riceps snip was performed to help in exposing the 
joint. Intra-articular fibrosis and parapatellar gut-
ters are released (Fig. 20.2a).

Samples were collected for frozen section and 
culture [1]. A thorough synovectomy was per-
formed. The knee joint is prepared in the standard 
way to seat the implant. We preferred to use a 
cruciate substituting posterior stabilized femoral 
component and if needed a varus-valgus con-
strained prosthesis. The bone surface is irrigated 

a b

c

Fig. 20.1 (a) Ap view of knee joints showing the arthritic 
right knee with eburnated femoral condyles. (b) Lateral 
view of knee joint with eroded femoral condyles and loss 

of posterior femoral condylar offset. (c) A CT scanogram 
showing the shortening and the coronal plane alignment
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 thoroughly with pulsatile lavage. An antibiotic-
impregnated cement is used, preferably with 
gentamycin and vancomycin (2  g for 40  g of 
cement) [2]. During the cement curing, we used a 
diluted betadine solution (0.3%) for approxi-
mately 3 min to reduce chances of infection [3].

20.4  Scenario 2: Two-Stage TKA

A 32 year male, had a blast injury 2 years ago and 
sustained an open fracture of proximal tibia, 
which was operated and got infected. He was a 
chain smoker and a chronic alcoholic. The infec-
tion healed after multiple debrima and antibiotic 
suppression. But it ended up in a stiff knee (ROM 
30–90°). His ESR was 52  mm, and CRP was 
11 mg/dL. His radiographs of the knee showed a 

retained implant (Fig. 20.3a, b). An aspiration of 
the joint did not grow any cultures. The retained 
screws were removed, and frozen sections were 
sent, and intraoperative tissue cultures were col-
lected (tibial canal, femoral canal, medial and 
lateral gutters, suprapatellar pouch and posterior 
capsule). Frozen sections showed many (>5 poly-
morphonuclear cells/hpf in 5 hpf). The hypertro-
phic synovium and tissues had a dirty look (like 
granulation tissue). A thorough debridement and 
synovectomy was done and a two-stage proce-
dure was planned. A static cement spacer 
(Fig.  20.3c) with vancomycin (2  g in 40  g of 
gentamycin impregnated cement) was placed. 
Tissue cultures grew methicillin-resistant staph 
aureus (MRSA). The patient was placed on 
2 weeks IV antibiotics followed by 4 weeks of 
oral antibiotics. Serial ESR and CRP were fol-

a b c

d e f

Fig. 20.2 (a) Knee exposed using medial parapatellar 
approach. Intra-articular fibrosis and synechia are 
released. (b) After a proximal tibial cut the femoral com-
ponent is placed in desired external rotation parallel to the 
tibial cut. Using a posterior condyles as reference for 
external rotation can be dicy as they are eburnated due to 
the disease process. An osteotome is being used to keep 

the guide in external rotation and parallel to the tibial cut. 
(c) Bone bed prepared for implantation. (d) Final cement-
ing of tibia and femur. (e) Constrained liner placed and 
stability checked. (f) Post-op X-rays showing the con-
strained TC3 implant with stem extenders in both femur 
and tibia
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Fig. 20.3 (a, b) AP and lateral preop radiographs of the 
knee showing the arthritic knee with screws from previous 
surgery. (c) Post-op X-rays after a static spacer was placed 
in stage 1. (d) Clinical picture showing the extensively 
scarred skin on the medial side of the knee. (e) 
Intraoperative picture during the second stage performed 

after 3 months, showing the subperiosteal medial soft tis-
sue release and piecemeal removal of cement spacer. (f) 
Intraoperative picture showing placement of constraint 
implants and lateral release. (g, h) Post-operative radio-
graphs showing implant placement with medial bone 
defect filled with an antibiotic-impregnated cement

a cb

d e
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lowed. A second stage procedure was done 
3 months later. A medial parapatellar arthrotomy 
was done, the soft tissue sleeve on the medial 
skin was precarious and was lifted subperioste-
ally (Fig.  20.3e). The cement was removed, 
fibrotic tissues excised, gutters cleared, proximal 
tibia and distal femoral cuts revised and a con-
strained TC3 prosthesis with femoral and tibial 
stems implanted (Fig. 20.3f–h) with vancomycin 
impregnated cement. Postoperatively the patient 
had persistent discharge with marginal skin 
necrosis on the medial side that was taken care of 
with iv antibiotics and regular dressings.

20.5  Discussion

Performing TKA in a patient with previous his-
tory of sepsis is recommended for pain relief and 
for regaining mobility. Even those patients with 
ankylosis may benefit because of its pain-free 
mobility, psychological benefits and sparring of 
ipsilateral knee and contralateral hip from devel-
oping arthritis. Moreover, energy consumption of 
the body is reduced when a fusion is taken down. 
TKA in such situations poses considerable tech-
nical challenge to the arthroplasty surgeons. The 
patient should be counselled regarding risk of 
recrudescence of infection (4–15%). Seo et  al. 
have reported a reinfection incidence of 9.7% 
among 62 patients with a history of previous sep-
sis who underwent TKA. They reported number 
of previous surgeries performed for treating joint 
sepsis as an independent risk factor for PJI [4, 5]. 

Patients with a limited range of motion develop 
quadriceps contracture over a period of time.

Exposure poses a risk of patellar tendon avul-
sion or rupture from the tibial tuberosity. In such 
situations, it is recommended to use a quadriceps 
snip, a V-Y plasty or a tibial tubercle osteotomy 
to release the tension on the patellar tendon. Bae 
et  al. performed TKA in 32 patients with stiff 
knees after infection and performed V-Y plasty in 
10 and a tibial tubercle release in three patients. 
Since preoperative ROM determines the post- 
operative ROM, the release of this contracture is 
needed intraoperatively, since these contracted 
muscles do not stretch on post-operative rehabili-
tation [6]. On the other hand, Lee et al. in a series 
of TKA performed in 20 patients with prior knee 
sepsis, reported that no quadriceps snip or V-Y 
plasty was needed [7]. We recommend using a 
quadriceps snip whenever the exposure is diffi-
cult. It is easy to perform and the post-operative 
protocol is not changed.

Single-stage total knee arthroplasty has the 
benefits of reduced cost and lesser suffering on 
the part of the patient, but at the risk of recrudes-
cence of a latent infection. Success of a single- 
stage conversion to a TKA is greatly increased if 
the patient is optimized before surgery, a thor-
ough preoperative and intraoperative assessment 
for infection is negative, a thorough synovectomy 
is performed and an antibiotic cement is used 
during surgery for prosthesis implantation. Bauer 
et al. have reported a 95% success rate after one- 
stage procedures performed on 53 cases with a 
history of previous sepsis [8].

f g h

Fig. 20.3 (continued)
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Whenever in doubt regarding the persistence 
of infection, a two-stage revision is considered to 
be the gold standard. Lichstein et al. reported a 
97% success rate among 107 patients treated 
with static antibiotic spacers and two-stage revi-
sion for chronic infected TKA [9]. Similarly, 
Goodling et al. reported an 87% success rate with 
two-stage revision in 117 patients with infection 
followed for 5  years. They used an articulating 
cement spacer [10].

Functional results of TKA after previous sep-
sis, although gratifying for the patients, are infe-
rior as compared to routine TKA performed in 
arthritic knees. Bae et  al. in their study on 32 
ankylosed knees following sepsis and treated 
with TKA for a mean of 10 years reported a mean 
post-op improvement in ROM of 65.6° with a 
mean post-op ROM of 75.3° (range 30–115) in 
the ankylosed group and 98.7° (range 60–130) in 
the partially ankylosed group. They also reported 
an improvement in Hospital for Special Surgery 
scores from a preoperative 59.7 (range 26–87) to 
84.9 (range 64–94) in the ankylosed group and an 
improvement from 52.1 (range 29–66) preopera-
tively to 86.7 (69–97) post-operatively. They 
reported a mean flexion contracture in seven 
patients who had undergone V-Y quadriceps-
plasty. They also reported a high complication 
rate of 12.5% [6]. Lee et  al. operated on 20 
patients with prior knee sepsis (18 with one-stage 
TKA and 2 with two-stage TKA) and reported an 
improvement in ROM preoperatively from mean 
9° extension (range 0–40) and mean 86° flexion 
(range 45–100) to 1° (range 0–7) and 100° (range 
85–110) post-operatively. They also reported a 
reinfection in one of the cases 3.5 years after the 
index procedure, and same organism was grown 
in cultures. Nazarin et  al. reported favourable 
outcomes after two-stage TKA performed in 14 
patients with prior knee sepsis or osteomyelitis 
and followed for an average 4.5 years [11]. Bauer 
et al. recommended a two-stage arthroplasty for 
evolutive arthritis and a single-stage arthroplasty 
for a healed (quiescent period of 5 years) septic 
arthritis [8]. Kirpalani et al. recommended a two- 
stage procedure as a salvage option for uncon-
trolled knee sepsis in diabetic patients [12].

Sultan et  al. in a recent study on 62 patients 
with a history of septic arthritis undergoing joint 
replacement reported a high incidence of PJI (5 
patients; 8%) and low survivorship (all these 
patients had negative intraoperative cultures). 
More importantly, all PJI occurred in patients 
undergoing TKA pointing to a higher propensity 
of infection after TKA with prior joint sepsis. 
They also found smoking to be a high risk factor 
for reactivation of infection in such patients. They 
have recommended a minimum 2 years quiescent 
period between sepsis resolution and TKA [13].

20.6  Summary

A preoperative optimization, cessation of smok-
ing is a must in such patients. A quiescent inter-
val of at least 2  years is recommended before 
performing a TKA in a patient with prior healed 
sepsis. Preoperative aspiration is of paramount 
importance. Provided all evidence of infection is 
ruled out, a single-stage TKA can be performed. 
Not to mention the importance of an intraopera-
tive frozen section, thorough synovectomy, copi-
ous lavage with diluted betadine and using an 
antibiotic-impregnated cement. In case of a 
proven infection or an iota of doubt, always pro-
ceed with a two-stage implantation after 
3 months. It is recommended to use an antibiotic 
cement spacer, keep constrained implants ready 
and use a hybrid fixation.
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Periprosthetic Fractures Following 
TKR

Chandeep Singh and S. K. S. Marya

21.1  Introduction

A combination of an increasing number of 
replacements with an increase in life expectancy 
and an increase in implants’ in situ, the number 
of periprosthetic fractures is expected to rise. The 
periprosthetic fractures offer a unique set of 
problems for the surgeon as well as the patient. It 
has been debated as to which subspecialty of 
orthopedic surgeons should handle the peripros-
thetic fractures: the “trauma team” or the “arthro-
plasty team.” In our experience, managing the 
periprosthetic fracture involves a team approach 
and needs the surgeon to be well-versed in han-
dling fractures and arthroplasty situations.

The incidence of Periprosthetic fractures 
around TKR is around 3.5%, with supracondylar 
fracture femur being the most common [1]. There 
is an urgent need to manage and address these 
fractures efficiently as the morbidity and mortal-
ity associated with these fractures are as high as 
proximal femoral fractures. A retrospective study 
conducted by Streubel regarding mortality asso-
ciated with the periprosthetic femur fractures 
reported that patients carry a significantly higher 
mortality risk as compared to primary hip or knee 
arthroplasty or distal femur fractures [2]. Shields 
et al. have reported mortality rates of 8%, 24%, 
and 27% at 30-day, 6-month, and 1-year follow-

up, respectively, for patients with periprosthetic 
distal femur fractures [3]. This increased mortal-
ity is similar to patients with proximal femoral 
fractures. Thus, these fractures need to be han-
dled early and efficiently.

21.2  Risk Factors 
for Periprosthetic Fractures 
Around TKR

There are various risk factors associated with 
periprosthetic fractures in TKR. Increased age is 
considered a significant risk factor on its own as 
it is associated with osteoporosis and increased 
frequency of falls. Meek et  al. reported that 
females older than 70 years were at an increased 
risk of periprosthetic fractures [4]. However, 
Singh et al. described the U-shaped distribution 
of the age-associated risk of postoperative frac-
ture; patients between 61 and 80 years of age had 
a 45% to 50% reduced risk of periprosthetic frac-
ture compared to patients younger than or 
60 years of age and those older than 80 years [5].

Inflammatory arthroplasty, such as rheuma-
toid arthritis, also constitutes a risk factor. This is 
partly due to the localized osteoporosis, and also, 
these patients tend to have multiple joint involve-
ments and are thus prone to falls. Prolonged 
intake of steroids leads to weakening of bones 
and it increases the likelihood of fractures on 
trivial falls [6]. Neurological conditions, which 
affect gait and balance, also increase the inci-
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dence of periprosthetic fractures. Diabetes, espe-
cially of prolonged duration, tends to be a risk 
factor as it affects balance and leads to falls [7].

Revision TKR is described as a major risk fac-
tor for the development of periprosthetic frac-
tures. Singh et al. reviewed 17,633 primary TKR 
patients and 4090 revision TKR patients from the 
Mayo clinic database [5]. They established an 
incidence of 1.1% in primary TKR and 2.5% in 
revision TKR patients of a postoperative peri-
prosthetic fracture. Similarly, Meek et  al. col-
lected data from the Scottish database from April 
1997 and March 2008 and studied 44,511 pri-
mary TKR, and 3222 revision TKR surgeries [4]. 
The authors reported that periprosthetic fracture 
risk after primary TKR was 0.6% versus 1.7% 
after revision TKR.

There are certain risk factors, which are frac-
ture specific. Anterior femoral notching during 
the femoral cut and implantation has gained 
much notoriety as a precursor of supracondylar 
periprosthetic fracture. Notching essentially 
means a violation of the anterior femoral cortex. 
The depth may vary on the severity of the breach. 
Lesh et  al. did a biomechanical study on the 
cadaveric bone with full-thickness loss of the 
anterior femoral cortex [8]. They found that 
notching reduced the torsional strength by 39% 
and bending strength by 18% compared to the 
intact femur.

Gujarati et al. [9] reviewed 200 knees at a fol-
low- up of 9 years average and classified notching 
in four grades.

• Grade I: violation of the outer table of the 
anterior femoral cortex.

• Grade II: violation of the outer and the inner 
table of the femoral cortex.

• Grade III: violation up to 25% of the medul-
lary canal (from the inner table to the center of 
the medullary canal).

• Grade IV: violation up to 50% of the medul-
lary canal (from the inner table to the center of 
the medullary canal).

Only three patients had supracondylar frac-
tures, of which only one patient had grade II 
supracondylar notching, and the other two did 
not have any notching.

Harish et al. followed up 200 knees for 2 years 
and used the grading as mentioned by Gujararti 
et al. They had grade I notching in 13%, grade II 
in 6.5%, grade 3 in 1%, and grade 4 in 0.5% of 
the 200 knees. No periprosthetic fractures were 
seen [10]. The authors believe in the clinical sce-
nario, the correlation between anterior femoral 
notching and supracondylar periprosthetic frac-
ture is yet to be conclusively established. Having 
said that one should avoid notching as far as pos-
sible, and if violation of the inner table happens, 
one should stem the femoral component if possi-
ble. Another specific risk factor for supracondy-
lar periprosthetic fractures is the use of pins for 
computer-assisted surgery. The incidence has 
gone down with the help of single pins and a 
reduction in pin diameter [11].

21.3  Classification

Several classifications have been devised to 
classify periprosthetic fractures around a 
TKR. They have attempted to describe the frac-
ture patterns, the stability of the components, 
and, in some cases, the bone quality. The idea of 
classification is to help classify the severity of 
injury and help in planning. The initial AO clas-
sification was alphanumerically denoting the 
femoral, tibial, and patellar fractures with codes 
33, 41 and 34, respectively. They did not take 
into consideration the bone quality or the pres-
ence of implant. That is why AO has recently 
adopted the Unified Classification System 
(UCS), which is based closely on the Vancouver 
classification of the proximal femoral peripros-
thetic fractures [12]. In the UCS classification, 
they have given numbers to the bones as in the 
AO classification and then have classified the 
fractures as types.

Location Types
I: Shoulder A—Apophyseal
II: Elbow B—Bed of implant
III: Wrist C—Clear of implant
IV: Hip D—Dividing the bone between implant
V: Knee E—Each bone supporting one 

arthroplasty
VI: Ankle F—Facing and articulating with a 

Hemiarthroplasty
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Type B—Bed of Implant is further divided 
into:

• B1—Good bone with no loosening
• B2—Good bone with loosening
• B3—Poor bone with loosening

However, some classifications for individual 
fractures are more popular. The Rorabeck and 
Taylor classification is most popular for the 
supracondylar periprosthetic fractures [13]. It 
considers fracture displacement as well as the 
stability of the component (Fig. 21.1).

• Type I: Non-displaced; component intact
• Type II: Displaced; component intact
• Type III: Displaced; component loose or failing

The tibial periprosthetic fractures though 
lesser in number have been classified by Felix 
et al. who reported 102 tibial periprosthetic frac-
tures at the Mayo clinic [14] (Fig. 21.2).

The classification is:

Type Subclass
Type I: Fracture of tibial plateau A—Stable implant
Type II: Fracture adjacent to tibial 
stem

B—Loose 
implant

Type III: Fracture of tibial shaft C—Intraoperative
Type IV: Fracture of tibial tubercle

The patellar periprosthetic fracture classification 
has been based on the component stability, bone 
quality, and integrity of the extensor mechanism. 
The classifications are given by Goldberg et al. [15].

Type Description
Type1 Midbody or superior pole fractures not 

involving the implant, cement, or 
quadriceps mechanism

Type 2 Fractures disrupting the quadriceps 
mechanism or implant/bone/cement 
composite

Type 3 Further subdivided in 3a and 3b
Type 3a Inferior pole fracture with patellar 

ligament rupture
Type 3b Inferior pole fracture without patellar 

ligament rupture
Type 4 Fracture dislocations

21.4  Evaluation and Planning

Evaluation of periprosthetic fractures entails a 
detailed history about the trauma (significant or 
trivial fall), details of the implant, date of implan-
tation, revisions, ambulatory status, comorbidi-
ties, and antecedent pain. The presence of 
antecedent pain may indicate infection or aseptic 
loosening of the implant. Getting the last X-rays 
for comparison would help delineate the  presence 
of lysis or loosening of implants post the injury.

a b c

Type 1 Type 2 Type 3

Fig. 21.1 Rorabeck and Taylor Classification for Supracondylar periprosthetic fracture. (a) Type 1. (b) Type 2. (c) Type 3
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The diagnosis of periprosthetic joint infection 
(PJI) is particularly challenging in patients with 
periprosthetic fractures. Roshan et  al. evaluated 
121 patients with periprosthetic fractures and 
assessed the infective parameters [16]. They 
implied that the synovial fluid total and differen-
tial WBC count are the best tests and the cutoff 
remains the same as in patients without peripros-
thetic fractures. ESR and CRP remain sensitive 
but overall have a lower predictive value when 
compared to the WBC count.

The authors also feel if the periprosthetic frac-
ture is anywhere near the implant, a CT scan 
should be done. The CT machines have improved 
pictures that reduce the scatter due to the implant 
and help delineate the fracture fragments and 
look at lysis if present. The CT may help in defin-
ing any loosening of implant if in doubt.

21.5  Supracondylar 
Periprosthetic Fracture 
Femur

Periprosthetic supracondylar distal femoral frac-
ture is the most common type of periprosthetic 
fracture after total knee arthroplasty with an inci-

dence ranging from 0.3% to 3.5% in the first 
4 years after surgery [1, 17]. The risk factors and 
the associated morbidity with these fractures 
have already been discussed. Once we see the 
patient in the emergency or the outpatient the 
patient as a whole needs to be assessed and any 
history of infection needs to be ruled out. The 
whole limb X-rays need to be done and in our set 
up a CT scan is done if the fracture line is near 
the flange of the femoral implant.

The aim of the management of the supracon-
dylar periprosthetic fractures is to achieve a pain-
less stable well-aligned knee. The fixation should 
allow for an early range of motion and mobiliza-
tion of the patient. The various classification sys-
tems will enable us to determine the presence of 
displacement or comminution, the amount and 
quality of available bone stock in the distal frag-
ment, and the presence of a well-fixed or loose 
femoral component—these help in determining 
the plan and treatment.

21.5.1  Non-operative Treatment

Non-operative treatment of supracondylar peri-
prosthetic fractures is reserved for undisplaced 

Type 1 Type 2 Type 3 Type 4

Fig. 21.2 Felix classification for tibial periprosthetic fracture
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fractures in individuals who are otherwise unfit 
for surgery, or the risks for surgery are very high. 
In very rare cases, undisplaced fractures in other-
wise healthy individuals may be considered to be 
treated conservatively. Non-operative manage-
ment may be undertaken with the use of a hinged 
knee brace or casting. In some patient’s initial 
traction application, followed by casting may be 
used. In 1986, Merkel et  al. had reported treat-
ment of 36 supracondylar fractures out of which 
26 were treated conservatively [18]. They stated 
that 17 patients out of the 26 healed and showed 
promising results at 2 years follow up, but the rest 
(35%) needed revision surgery later. Other stud-
ies suggest a malunion rate of 12%–40% and a 
high rate of subsequent surgeries between 15 and 
30% when non-operative treatment is the treat-
ment mode. Even in cases of undisplaced frac-
tures, patient may develop arthrofibrosis and the 
fracture may displace over a period of time, thus 
the choice of non-operative treatment needs to be 
carefully considered [19, 20].

In author’s opinion, non-operative treatment is 
considered if the fracture is non-displaced and 
the component is stable, patient is medically unfit 
for surgery or if the risk of the operation is very 
high. The patient though needs to be followed up 
regularly with serial X-rays.

21.5.2  Operative Treatment

Operative treatment remains the principal method 
of treating periprosthetic distal femoral fractures 
so that early range of motion of the knee and 
mobilization of the patient can be started. The 
type of fixation method depends mainly on frac-
ture pattern, component stability, quality of the 
bone, and whether there is a sufficient amount of 
bone stock. The plan also depends on the sur-
geon’s training and the implants available with 
the particular setup. Both plate and screw con-
structs and intramedullary nail constructs have 
been used with varying degrees of success in situ-
ations where the femoral implant is stable. If the 
component is loose then revision TKR or use of 
endoprosthesis may be needed.

21.5.2.1  Plate Fixation
Initially, the plates used were the conventional 
plates (non-locking) and nowdays, the locking 
plates are used. Though in the 1980s and 1990s, 
the traditional non-locked plates were used to fix 
these fractures along with an attempt of open 
reduction the results though better than conserva-
tive had their share of complications like delayed 
union, malunion, nonunion, and infection. The 
problem with the conventional plates was the 
motion of the screw heads within the plates, 
which lead to loss of reduction in cases where 
there was comminution. The plates were applied 
on the lateral surface and the medial comminu-
tion led to a predisposition of varus collapse for 
the same reason with the use of conventional 
plates.

Modern locked plating technology was devel-
oped to tackle the difficulties with treatment of 
osteoporotic and metaphyseal fractures. Locked 
plates allow the screw heads to screw into the 
plate, creating “fixed-angle” constructs, which 
are theoretically better able to resist varus dis-
placement forces across the fracture. These plates 
have become an essential tool to achieve stable 
fixation in periprosthetic fractures with well- 
fixed implants. Locking plates allow for both 
rigid and bridging techniques for the metaphy-
seal or diaphyseal fracture component and can be 
placed utilizing minimally invasive, soft-tissue- 
sparing techniques.

Hoffman et al. reported the complications and 
clinical outcomes of locking plates in treatment 
of distal femoral fractures [21]. They collected 
data on 111 fractures and reported 74.8% union 
rates with 20% nonunion rates. They also reported 
that fewer nonunions were found in the submus-
cular group (10.7%) compared to open reduction 
(32.0%). They also mentioned that the fracture 
above a prosthesis had a worse clinical outcome 
and a greater failed hardware rate. Thukral et al. 
retrospectively reviewed 31 patients with commi-
nuted supracondylar periprosthetic fractures 
reported 100% union though the time to union 
was faster for the closed reduction group [22]. 
Systematic reviews of periprosthetic distal femo-
ral fractures treated with locked plating have 
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shown nonunion rates of 5–13% and malunion 
rates of around 5% [23, 24].

There has been an introduction of variable angle 
plates, which helps change the angle of the distal 
screws. This is helpful in very distal fractures and 
also in cases where the femur implant has a big 
box. Though Nikolas et al. conducted a multicenter 
prospective randomized pilot trial with 40 patients 
and found no difference in union rates between the 
fixed or variable angle plates [25].

However, locking plates are not without short-
comings and healing complications occur. 
Several studies cite concerns that locking plates 
are too stiff and do not allow induction of callus 
necessary for secondary bone healing (Fig. 21.3). 
There have been instances of delayed union and 

nonunion with locking plates. These plates tend 
to hold the fracture in position and the surgeon 
should be cautious of fixing the fracture in a 
malaligned state, so proper reduction before 
application of these plates is key and when using 
these plates for reducing the fractures one needs 
to remember the sequence of screws, cortical 
before locking. Henderson et  al. retrospectively 
examined 86 distal femur fractures treated with 
lateral locking plates and found bridge span 
length, plate length, and bridge span to plate 
length ratio was not significantly associated with 
union, leaving the hole adjacent to the fracture 
open (without a screw) resulted in significantly 
more unions than nonunions [26]. William et al. 
retrospectively reviewed 96 patients and found 
constructs with all locking screws used in the 
diaphysis when bridge-plating distal femur lock-
ing plates were 2.9 times more likely to experi-
ence a nonunion [27]. So they recommended to 
keep the locking screw density to <0.5  in the 
diaphyseal region.

Few Key Points for Plating
Position

• Supine on a radiolucent table.
• Drape the opposite lower limb (Fig. 21.4).
• A bump (bolster) under the knee help control 

the flexion of the distal fragment (Fig. 21.4).

Plate

• Lateral plate as the first option.
• Reduce the pericondylar area.
• Anatomical plate can be used as a reduction 

method—careful to use cortical screws.
• Distal screws direction to maintain the 5°-8° 

valgus in built-in anatomical plates.
• Where possible use the minimally invasive 

approach (Figs. 21.5 and 21.6).
• Reduce soft tissue dissection.
• The length of the plate should ideally be dou-

ble the comminuted length.
• Four screws minimal proximally and 4–5  in 

the distal fragment.
• Hybrid fixation in the proximal fragment (mix 

of cortical and locking).
• Always check lateral views.
• If Open reducing—consider bone grafting.Fig. 21.3 Showing nonunion at 6 months
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Case 1
A 66-year-old lady 5 years post-op bilateral TKR 
fell in the market, comorbidities include hyper-
tension and hypothyroid (Figs. 21.7, 21.8, 21.9, 
21.10, and 21.11).

21.5.2.2  Intramedullary Nails
Intramedullary nails are another method to fix 
these supracondylar periprosthetic fractures. 
Antegrade and Retrograde nails may be used 
depending on the fracture pattern. However, ret-
rograde nails are preferred as they have a better 
fixation in the distal femur segment. The nails 
can only be used in femoral implants that have an 
open box and will accommodate the starting 
point and the nail’s width. The presence of an 

ipsilateral hip implant is another contraindication 
for the use of nail as a fixation method.

The retrograde nailing does offer a few bene-
fits, the use of a previous skin incision, no strip-
ping of the soft tissue around the fracture, 
retention of the fracture hematoma. In length 
stable fractures, intramedullary nail is a 
 load- sharing implant compared to lateral plate 
which is a load-bearing implant. There are some 
concerns with intramedullary nails as well, espe-
cially with their point of entry. Jones et al. stud-
ied eight implants and four nails and found that 
only two implants were compatible [28]. The rest 
were not compatible as they needed more force 
for entry leading to metal debris or had a poste-
rior entry which may lead to anterior cortical per-
foration or an extension deformity. Pelfort et al. 
found a 23% incidence of an extension deformity 
of more than 10° with the use of retrograde intra-
medullary nails for periprosthetic distal femoral 
fractures [29].

Meneghini et  al. reviewed 85 fractures com-
paring intramedullary nails with locking plates 
and reported only 2 nonunions in the nailing 
group as compared to 12  in the locking plate 
group [30]. They also mentioned that the nailing 
group achieved full weight-bearing status 
3 weeks earlier than the plating group. However, 

Fig. 21.4 The bolster under the knee and the draping of the opposite limb to get a good lateral view

Fig. 21.5 Showing MIPO or slide plate
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Ristevski et al. reviewed 719 fractures and pre-
sented a clear advantage of locked plating over 
intramedullary nailing when comparing mal-
union rates [24]. Ebraheim et al. have compared 
nailing with locked plating and found similar 
time to union though some trend toward mal-
union is seen in the nailing group [31].

21.5.2.3  Revision Total Knee 
Replacement

In situations where the femoral prosthesis is 
loose, the treatment option that remains is a revi-
sion total knee replacement. The revision total 
knee replacement can be achieved by fixing the 

fracture and using revision knee implants, using a 
distal femur allograft prosthesis composite or a 
megaprosthesis.

In the case of a loose femoral component, the 
fracture is assessed on the table for reducibility 
and the collateral ligaments’ functionality. These 
things define the choice of femur prosthesis to be 
used for revising the distal femur implant. In sce-
narios where the fracture can be reduced and the 
collaterals are intact, the distal femur’s revision is 
done by using a stem in the femur with or without 
the use of a constraint femur. The choice of con-
straint is dependent on the intactness and func-
tionality of the collaterals and the flexion-extension 

Fig. 21.6 Slide plate fixation
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Fig. 21.7 Pre-op Lewis Rorabeck type 2 (displaced fracture with stable implant)

Fig. 21.8 Intra-op reduction of the Spiral fracture held 
with inter-fragmentary screws

Fig. 21.9 Distal length of the plate verified and the screw 
passed parallel to the joint line
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Fig. 21.10 Immediate post-op

Fig. 21.11 Showing full union at 4 months
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balance achieved on table. It is always recom-
mended to have all the combinations available on 
table when revising such fractures.

In scenarios where there is a lot of comminu-
tion and the collateral attachments are also 
involved then an allograft prosthesis composite 
or distal femur replacement prosthesis (mega-
prosthesis) is considered. The relative success of 
megaprosthesis for managing bone loss second-
ary to tumor resection, has increased the advo-
cacy for use of distal femoral arthroplasty for the 
management of distal, comminuted  supracondylar 
femur fracture around well-fixed or lose implants, 
especially in elderly patients who can benefit 
from early mobilization has gained popularity. 
This can be considered even in cases of stable 
implants in the elderly subset of population. 
Rahman et al. reviewed 17 distal femoral arthro-
plasty for periprosthetic supracondylar femoral 
fracture for a mean follow-up of 34 months [32]. 
There were three re-operations (18%) and two 

periprosthetic fractures (one managed non-oper-
atively and one with revision TKA) and one deep 
infection. Mortazavi et  al. followed up 22 peri-
prosthetic fractures of the distal femur treated 
with distal femoral replacement with a mean fol-
low up of 59 months. Eighteen knees were avail-
able at final follow-up 5 knees underwent 
additional surgery (28%) [33]. There was one 
case of aseptic loosening and three periprosthetic 
fractures. Distal femoral arthroplasty can be a 
successful tool for managing distal femur peri-
prosthetic fractures provided the surgeon has 
experience in these scenarios.

Case 2 Treating Periprosthetic Fracture with 
Revision TKR Implants
An 84-year-old female with a history of fall at 
home with 16  years post TKR sustained fall at 
home. Medical history includes diabetes, hyper-
tension, and chronic kidney disease (Figs. 21.12, 
21.13, 21.14, and 21.15).

Fig. 21.12 Low Periprosthetic fracture with Loose implant
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Fig. 21.13 Intra-op loose implant

Fig. 21.14 Wiring of the distal femur

Fig. 21.15 Postoperative 
X-ray use of Sleeve with 
a TC3 implant
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Case 3
A 77-year-old lady sustained a fall 10 days post-
operative after bilateral TKR presented in the 
emergency with a small gaping of the fracture 
line and periprosthetic fracture (Figs.  21.16, 
21.17, 21.18, 21.19, and 21.20).

21.6  Tibial Periprosthetic 
Fractures

Tibial periprosthetic fractures are encountered 
less frequently and somehow have gotten less 
attention in literature over the years as compared 
to the distal femur periprosthetic fractures. The 
prevalence of periprosthetic fractures of the tibia 
is 0.4–1.7%, which is relatively low compared to 
that of the femur [34]. The tibial fracture can 
occur intraoperatively or later on in the postopera-
tive period. The intraoperative fractures can be the 
ones that are seen on the table or seen on immedi-
ate post-op X-rays. The most common causes of 

intraoperative fractures are tibial tubercle osteot-
omy, lateral placement of tibial tray in a post-
high-tibial osteotomy patient, excessive retraction, 
and removal of the prosthesis in revision surgery. 
The tibial fractures in the postoperative period are 
caused due to trauma, stress fractures, and in rare 
cases malalignment of tibia. Rand et  al. noted 
malalignment of tibia as a cause in their series of 
tibial periprosthetic fractures [35].

Felix et  al. formulated the classification sys-
tem where the fracture’s location defined the 
types, and the subtypes described the status of the 
tibial component fixation [14]. Type I fractures 
are at the tibial plateau, type II fractures occur 
just below the tibial plateau adjacent to the pros-
thetic stem, type III fractures arise distal to the 
tibial stem, and type IV fractures comprise the 
tibial tubercle. Type A is assigned to a fracture 
with a stable prosthesis on radiographs, type B is 
defined as fractures with radiographic evidence 
of component loosening, and type C refers to 
intraoperative fractures.

Fig. 21.16 Preoperative X-ray of the above-mentioned lady, the skin staples are still present
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Fig. 21.17 CT scan 
Grab showing fracture 
line extending till the 
implant

Fig. 21.18 Intra-op pics showing a loose implant
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Fig. 21.19 Measuring the distal femur which needs to be resected, the tibia needed to be changed to use a rotating 
hinge knee

Fig. 21.20 Postoperative 
picture
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21.6.1  Treatment

The status of the tibial component outlines the 
treatment, if the tibial component is stable and 
intact standard fracture fixation principles fix the 
fracture. The treatment aims to provide a well- 
aligned knee that allows for early movement of 
the knee and mobilization of the patient.

In subclass A where the tibial implant is stable 
the Type 1 fractures if undisplaced can be treated 
by conservative method or by screw fixation. If 
the fragment of the tibial plateau is big it should 
be supported by a locking plate as well 
(Fig.  21.21). In Type 2 fractures, the plates are 
used and the fracture is kept in position for it to 
heal. Locking plates are preferred option these 
days. Type 3 fractures are treated by standard 
principles with either a plate or a nail (Fig. 21.22). 
During nailing one has to choose a nail that 
avoids the tibial keel. The Type 4 tibial tuberosity 
fractures will need to be wired or held with 
screws and washers, the extensor mechanism 
need to be carefully handled in these situations.

In subclass B, where the tibial implant is 
loose, type 1 and type 2 fractures need a revision 

of the tibial component. The reconstruction of the 
proximal part of tibia needs to be done. As a first 
step the proximal tibia must be reconstructed 
with the bone available, if there are bone defects 
or the tibia cannot be satisfactorily reconstructed, 
then other methods need to be used. This may 
involve filling the bone defect with metal 
allograft, metal augments, or the use of sleeves or 
cones. The revision tibial implant is used with a 
long tibial stem, which bypasses the recon-
structed site Fig. 21.23a, b.

In subclass C if seen intraoperatively, it needs 
to be managed with screw fixation or use of long- 
stemmed tibial components which bypass the 
fracture.

Due to the scarcity of fractures very few 
reports are available in the literature on the 
long- term results. Kim et al. reported 16 patients 
with tibial periprosthetic fractures [36]. They 
had stable implants with six patients of type 1 
and ten patients of type 3 fractures. They used 
MIPO with locking plate as a fixation method 
and had good results in 14 patients with two 
patients needing a secondary procedure. Anna 
et  al. retrospectively reviewed nine patients of 

Fig. 21.21 Type 2 
Tibial periprosthetic 
fracture fixed with 
locking plate and screws
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tibial fractures and had a mix of subclass A and 
B fractures [37]. Treatment involved open 
reduction and internal fixation in six patients, 
revision arthroplasty in 1, arthrodesis in 1, and 
amputation in 1. The average age in their sub-
group was 77 years and they stress the need for 
careful planning of these fractures and high rate 
of complications.

21.7  Periprosthetic Fractures 
of the Patella

Periprosthetic fracture patella is an uncommon 
complication having an incidence of around 0.2–
21% in resurfaced patella in various studies. In 
un-resurfaced patella the incidence is about 
0.05% [34, 38]. Periprosthetic patella fractures 
range in severity from a trivial injury, which does 
not compromise function, to a severely devastat-
ing injury that may require advanced reconstruc-
tive measures. A retrospective study by Ortiguera 
et al. at the Mayo clinic of 12,684 TKRs revealed 
an incidence of around 0.68%. In their study, the 
prevalence was higher after revision TKR, with 
most fractures occurring within 2 years of their 
associated arthroplasty procedure [39].

21.7.1  Risk Factors

Factors contributing to periprosthetic patellar 
fractures are manifold. They are more commonly 
seen in men as compared to women, which is 
unlike the femoral and tibial periprosthetic frac-
tures, it could occur due to higher levels of activi-
ties and weights resulting in greater forces across 
the patella and thus the higher male susceptibil-
ity. Osteoporosis, inflammatory arthritis, and 
increase physical activities constitute the other 
risk factors.

Patellar periprosthetic fractures can be classi-
fied as traumatic and non-traumatic. The trau-
matic ones happen due to direct injury, dashboard, 
or sudden increased flexion of the knee due to 
imbalance. Nontraumatic fractures caused by 
surgical- and implant-related complications are 
more prevalent than their traumatic counterparts. 
The risk factors for nontraumatic periprosthetic 
patellar fracture are:

21.7.1.1  Vascular Compromise
Studies have been done to reveal that post normal 
TKR via the medial parapatellar approach the 
superior genicular artery is the only remaining 
major vessel providing a significant blood supply 

Fig. 21.22 Type 3 
Tibial Periprosthetic 
fracture distal to the 
tibial implant fixed with 
plating
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to the patella. This artery is also compromised 
when a lateral release is done. Scuderi et al. did a 
postoperative technetium bone scans to establish 
a higher vascular compromise rate in knees with 
lateral release (56.4%) than those without lateral 
release (15%) [40]. Taking it forward Meding 
et  al. established a higher rate of periprosthetic 
patellar fracture in patients with a lateral release 
and body mass index >30 kg/m2 [41]. One needs 
to be careful of the extensive stripping of soft tis-
sue around the patella.

21.7.1.2  Patellar Thickness
The aim of the patellar replacement is to replace 
the exact amount of patella which has been 
resected. Overly thin patellae impart a greater 
risk of fracture. A biomechanical study proved 
increased strain with an overall patellar thickness 
of <25 mm or bony thickness of <15 mm [42]. 
Disproportionate resection of the patella increases 
strain on the patella, especially when the sub-
chondral bone or the lateral articular surface is 
included in the resection. Conversely, insufficient 

a

b

Fig. 21.23 (a) Tibial 
periprosthetic fracture 
(Intra-op) with a loose 
implant. (b) Treated 
with Revision Tibial 
MBT tray
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resection results in increased patellar-implant 
thickness, causing stuffing of the patellofemoral 
space increasing the patellofemoral joint reaction 
force and putting strain on the extensor 
mechanism.

21.7.1.3  Implant Design
The central peg has been shown to increase ante-
rior patellar strain and the peripheral pegs reduce 
the strain. Thus, the patella’s with peripheral pegs 
are preferred. Metal back patellae were associ-
ated with higher loosening rates and failures and 
hence have gone out of vogue [43].

21.7.1.4  Limb Alignment
Malalignment of the femoral component has a 
significant role to play in the incidence of peri-
prosthetic patellar fractures. An internal or exter-
nal rotatory malalignment increases the strain on 
the patella femoral contact surface and increases 
fracture chances. The changes in joints are known 
to increase the patellar strain. Figgie et al. studied 
the effect of alignment on periprosthetic patellar 
fractures on 36 knees and found that knees with 
minor malalignment had mild fractures and one 
with severe malalignment had fractures with the 
loosening of implants [44].

21.7.2  Classification of Patellar 
Periprosthetic Fractures

The basis of classification of these patellar frac-
tures is dictated by the patellar component’s sta-
bility, the integrity of the extensor mechanism, 
and the quality of the bone stock. There is no uni-
versally accepted classification, we have described 
the classification given by Goldberg et  al. [15]. 
Type I fractures are located in the periphery of the 
patella and do not involve the patellar component 
and the extensor mechanism. Type II fractures 
disrupt the implant-bone composite or the exten-
sor mechanism. Type III fractures involve the 

patella’s inferior pole, which are subcategorized 
into type IIIA with patellar ligament rupture and 
type IIIB without patellar ligament rupture. Type 
IV fractures refer to patellar fractures accompa-
nied by patellofemoral dislocation.

21.7.3  Treatment

The conservative treatment of periprosthetic 
patellar fractures where the implant and the 
extensor mechanism are intact is preferred as 
multiple studies have shown better results as 
compared to operative intervention in such cases 
(Fig.  21.24). Goldberg et  al. in a retrospective 
study of 36 knees showed good or excellent out-
comes in 22 of those knees treated conserva-
tively [15].

In cases where the patellar component is loose 
and the extensor mechanism is intact, it is recom-
mended to remove the patella and the fracture 
treatment done by the conservative method only. 
Revising the patella in such a setting has poorer 
results as compared to patellar resection 
arthroplasty.

Extensor mechanism discontinuity in the set-
ting of periprosthetic patellar fracture should be 
treated surgically because this places the entire 
TKR at risk for failure and impedes functionality. 
If the patella’s bone stock is good an open reduc-
tion and internal fixation should be attempted 
either around a stable component (Fig. 21.25) or 
after removing the component if it is loose. The 
chances of difficulties with the union of this 
ORIF are high as the vascular supply is compro-
mised due to previous surgery. The use of ham-
string or Achilles tendon allograft to supplement 
the repair is advised.

In cases of delayed presentation or failed 
ORIF scenarios, extensor allograft reconstruction 
of the extensor mechanism is done using an 
Achilles allograft on a bone block or synthetic 
polymer mesh materials can be used.
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Fig. 21.25 Periprosthetic Fracture mid-body patella with stable implant fixed with TBW

Fig. 21.24 Lower pole periprosthetic fracture patella with intact implant
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21.8  Summary

These are challenging injuries most of the time, 
and in our minds, decision-making should be a 
team effort involving not only the arthroplasty 
and the trauma teams but also the internal 
 medicine and the anesthetist, as the patient is 
usually elderly with multiple comorbidities. The 
aim should be early mobilization achieved via a 
stable, painless well-aligned joint. The one-solu-
tion fits all is not an answer: all fractures should 
be carefully assessed and classified. The treat-
ment would depend on the fracture location, 
implant stability, and bone milieu and patient 
factors.

References

 1. Della Rocca GJ, Leung KS, Pape HC. Periprosthetic 
fractures: epidemiology and future projections. J 
Orthop Trauma. 2011;25:S66–70.

 2. Streubel PN.  Mortality after periprosthetic femur 
fractures. J Knee Surg. 2013;26(1):27–30.

 3. Shields E, Behrend C, Bair J, Cram P, Kates 
S.  Mortality and financial burden of periprosthetic 
fractures of the femur. Geriatr Orthop Surg Rehabil. 
2014;5:147–53.

 4. Meek RMD, Norwood T, Smith R, Brenkel IJ, Howie 
CR. The risk of peri-prosthetic fracture after primary 
and revision total hip and knee replacement. J Bone 
Joint Surg (Br). 2011;93:96–101.

 5. Singh JA, Jensen M, Lewallen D.  Predictors of 
periprosthetic fracture after total knee replace-
ment: an analysis of 21,723 cases. Acta Orthop. 
2013;84(2):170–7.

 6. Gondalia V, Choi DH, Lee SC, Nam CH, Hwang BH, 
Ahn HS, Ong AC, Park HY, Jung KA. Periprosthetic 
supracondylar femoral fractures following total knee 
arthroplasty: clinical comparison and related com-
plications of the femur plate system and retrograde- 
inserted supracondylar nail. J Orthopaed Traumatol. 
2014;15:201–7.

 7. Hung C-H, Wang C-J, Tang T-C, Chen L-Y, Peng 
L-N, Hsiao F-Y, Chen L-K.  Recurrent falls and its 
risk factors among older men living in the veterans 
retirement communities: a cross-sectional study. Arch 
Gerontol Geriatr. 2017;70:214–8.

 8. Lesh ML, Schneider DJ, Deol G, Davis B, Jacobs CR, 
Pellegrini VD Jr. The consequences of anterior femoral 
notching in total knee arthroplasty. A biomechanical 
study. J Bone Joint Surg Am. 2000;82(8):1096–101.

 9. Gujarathi N, Putti AB, Abboud RJ, MacLean 
JG, Espley AJ, Kellett CF.  Risk of peripros-

thetic fracture after anterior femoral notch-
ing. Acta Orthop. 2009;80(5):553–6. https://doi.
org/10.3109/17453670903350099.

 10. Puranik HG, Mukartihal R, Patil SS, Dhanasekaran 
SR, Menon VK. Does femoral notching during total 
knee arthroplasty influence periprosthetic fracture. A 
prospective study. J Arthroplasty. 2019;34(6):1244–9.

 11. Beldame J, Boisrenoult P, Beaufils P. Pin track induced 
fractures around computer-assisted TKA.  Orthop 
Traumatol Surg Res. 2010;96(3):249–55.

 12. Duncan CP, Haddad FS.  The unified classification 
system (UCS): improving our understanding of peri-
prosthetic fractures. Bone Joint J. 2014;96-B(6):713–
6. https://doi.org/10.1302/0301- 620X.96B6.34040.

 13. Rorabeck CH, Taylor JW. Classification of peripros-
thetic fractures complicating total knee arthroplasty. 
Orthop Clin North Am. 1999;30:209–14.

 14. Felix NA, Stuart MJ, Hanssen AD.  Periprosthetic 
fractures of the tibia associated with total knee 
arthroplasty. Clin Orthop Relat Res. 1997;345: 
113–24.

 15. Goldberg VM, Figgie HE 3rd, Inglis AE, et  al. 
Patellar fracture type and prognosis in condy-
lar total knee arthroplasty. Clin Orthop Relat Res. 
1988;236:115–22.

 16. Shah RP, Plummer DR, Moric M, Sporer SM, Levine 
BR, Della Valle CJ. Diagnosing infection in the setting 
of periprosthetic fractures. J Arthroplast. 2016;31(9 
Suppl):140–3.

 17. Chen F, Mont MA, Bachner RS. Management of ipsi-
lateral supracondylar femur fractures following total 
knee arthroplasty. J Arthroplast. 1994;9:521–6.

 18. Merkel KD, Johnson EW. Supracondylar fracture of 
the femur after total knee arthroplasty. J Bone Joint 
Surg Am. 1986;68A:29–43.

 19. Culp RW, Schmidt RG, Hanks G, Mak A, Esterhai 
JL Jr, Heppenstall RB. Supracondylar fracture of the 
femur following prosthetic knee arthroplasty. Clin 
Orthop Relat Res. 1987;222:212–22.

 20. Moran MC, Brick GW, Sledge CB, Dysart SH, 
Chien EP.  Supracondylar femoral fracture follow-
ing total knee arthroplasty. Clin Orthop Relat Res. 
1996;324:196–209.

 21. Hoffmann MF, Jones CB, Sietsema DL, et al. Clinical 
outcomes of locked plating of distal femoral frac-
tures in a retrospective cohort. J Orthop Surg Res. 
2013;8:43.

 22. Thukral R, Marya S, Singh C.  Management of dis-
tal femoral periprosthetic fractures by distal femoral 
locking plate: a retrospective study. Indian J Orthop. 
2015;49(2):199–207.

 23. Ebraheim NA, Kelley LH, Liu X, Thomas IS, Steiner 
RB, Liu J.  Periprosthetic distal femur fracture after 
total knee arthroplasty: a systematic review. Orthop 
Surg. 2015;7(4):297–305.

 24. Ristevski B, Nauth A, Williams DS, Hall JA, Whelan 
DB, Bhandari M, Schemitsch EH. Systematic review 
of the treatment of periprosthetic distal femur frac-
tures. J Orthop Trauma. 2014;28(5):307–12.

21 Periprosthetic Fractures Following TKR

https://doi.org/10.3109/17453670903350099
https://doi.org/10.3109/17453670903350099
https://doi.org/10.1302/0301-620X.96B6.34040


296

 25. Kanakaris NK, Obakponovwe O, Krkovic M, et  al. 
Fixation of periprosthetic or osteoporotic distal femo-
ral fractures with locking plates: a pilot randomised 
controlled trial. Int Orthop. 2019;43(5):1193–204. 
https://doi.org/10.1007/s00264- 018- 4061- 1.

 26. Henderson CE, Lujan TJ, Kuhl LL, Bottlang M, 
Fitzpatrick DC, Marsh JL. 2010 mid-America 
Orthopaedic Association physician in training award: 
healing complications are common after locked 
 plating for distal femur fractures. Clin Orthop Relat 
Res. 2011;469(6):1757–65. https://doi.org/10.1007/
s11999- 011- 1870- 6.

 27. Harvin WH, Oladeji LO, Della Rocca GJ, Murtha YM, 
Volgas DA, Stannard JP, Crist BD. Working length and 
proximal screw constructs in plate osteosynthesis of 
distal femur fractures. Injury. 2017;48(11):2597–601.

 28. Jones MD, Carpenter C, Mitchell SR, Whitehouse 
M, Mehendale S. Retrograde femoral nailing of peri-
prosthetic fractures around total knee replacements. 
Injury. 2016;47(2):460–4.

 29. Pelfort X, Torres-Claramunt R, Hinarejos P, Leal J, Gil- 
González S, Puig L. Extension malunion of the femo-
ral component after retrograde nailing: no sequelae at 
6 years. J Orthop Trauma. 2013;27:158–61.

 30. Meneghini RM, Keyes BJ, Reddy KK, Maar 
DC.  Modern retrograde intramedullary nails versus 
periarticular locked plates for supracondylar femur 
fractures after total knee arthroplasty. J Arthroplast. 
2014;29:1478–81.

 31. Ebraheim NA, Liu J, Hashmi SZ, Sochacki KR, 
Moral MZ, Hirschfeld AG.  High complication rate 
in locking plate fixation of lower periprosthetic distal 
femur fractures in patients with total knee arthroplas-
ties. J Arthroplast. 2012;27:809–13.

 32. Rahman WA, Vial TA, Backstein DJ.  Distal femo-
ral arthroplasty for management of periprosthetic 
supracondylar fractures of the femur. J Arthroplast. 
2016;31(3):676–9.

 33. Mortazavi SM, Kurd MF, Bender B, Post Z, Parvizi J, 
Purtill JJ. Distal femoral arthroplasty for the treatment 
of periprosthetic fractures after total knee arthro-
plasty. J Arthroplast. 2010;25(5):775–80.

 34. Canton G, Ratti C, Fattori R, Hoxhaj B, Murena 
L. Periprosthetic knee fractures. A review of epidemi-

ology, risk factors, diagnosis, management and out-
come. Acta Biomed. 2017;88(2S):118–28. https://doi.
org/10.23750/abm.v88i2- S.6522.

 35. Rand JA, Coventry MB.  Stress fractures after 
total knee arthroplasty. J Bone Joint Surg Am. 
1980;62:226–33.

 36. Kim HJ, Park KC, Kim JW, Oh CW, Kyung HS, Oh 
JK, Park KH, Yoon SD.  Successful outcome with 
minimally invasive plate osteosynthesis for peri-
prosthetic tibial fracture after total knee arthroplasty. 
Orthop Traumatol Surg Res. 2017;103(2):263–8.

 37. Schreiner AJ, Schmidutz F, Ateschrang A, et  al. 
Periprosthetic tibial fractures in total knee arthro-
plasty  - an outcome analysis of a challenging and 
underreported surgical issue. BMC Musculoskelet 
Disord. 2018;19(1):323. https://doi.org/10.1186/
s12891- 018- 2250- 0.

 38. Adigweme OO, Sassoon AA, Langford J, 
Haidukewych GJ. Periprosthetic patellar fractures. J 
Knee Surg. 2013;26(5):313–7.

 39. Ortiguera CJ, Berry DJ.  Patellar fracture after 
total knee arthroplasty. J Bone Joint Surg Am. 
2002;84(4):532–40.

 40. Scuderi G, Scharf SC, Meltzer LP, Scott WN. The rela-
tionship of lateral releases to patella viability in total 
knee arthroplasty. J Arthroplast. 1987;2(3):209–14.

 41. Meding JB, Fish MD, Berend ME, Ritter MA, Keating 
EM. Predicting patellar failure after total knee arthro-
plasty. Clin Orthop Relat Res. 2008;466(11):2769–74.

 42. Reuben JD, McDonald CL, Woodard PL, Hennington 
LJ.  Effect of patella thickness on patella strain fol-
lowing total knee arthroplasty. J Arthroplast. 
1991;6(3):251–8.

 43. Healy WL, Wasilewski SA, Takei R, Oberlander 
M. Patellofemoral complications following total knee 
arthroplasty. Correlation with implant design and 
patient risk factors. J Arthroplast. 1995;10(2):197–201.

 44. Figgie HE III, Goldberg VM, Figgie MP, Inglis 
AE, Kelly M, Sobel M.  The effect of alignment of 
the implant on fractures of the patella after condy-
lar total knee arthroplasty. J Bone Joint Surg Am. 
1989;71(7):1031–9.

C. Singh and S. K. S. Marya

https://doi.org/10.1007/s00264-018-4061-1
https://doi.org/10.1007/s11999-011-1870-6
https://doi.org/10.1007/s11999-011-1870-6
https://doi.org/10.23750/abm.v88i2-S.6522
https://doi.org/10.23750/abm.v88i2-S.6522
https://doi.org/10.1186/s12891-018-2250-0
https://doi.org/10.1186/s12891-018-2250-0


297© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 
M. Sharma (ed.), Knee Arthroplasty, https://doi.org/10.1007/978-981-16-8591-0_22

Management of Extensor 
Mechanism Disruption in Total 
Knee Arthroplasty (Primary 
and Revision)

Vivek Dahiya, Sumit Kumar, and Ashok Rajgopal

22.1  Introduction

Extensor mechanism rupture is a potentially dev-
astating complication encountered during or after 
a Total knee arthroplasty (TKA). The incidence 
varies between 1% and 12% [1]. There are multi-
factorial causes ranging from preoperative 
comorbidities/conditions to intraoperative tech-
niques and inadequate/faulty post-operative man-
agement. Rheumatoid arthritis, diabetes mellitus, 
chronic kidney disease and multiple previous 
knee surgeries are the risk factors that should 
alert the surgeon to a potential extensor mecha-
nism dysfunction [1–4]. During the surgery of a 
stiff knee with decreased range of motion, over-
zealous patellar tendon release can lead to a 
patellar tendon tear. Similarly, an inadequately 
performed quadriceps snip (used commonly for 
exposure of stiff knees) may lead to an extensor 
lag or a rupture [5]. Patients requiring a patellec-
tomy during TKA are at high risk for a quadri-
ceps dysfunction. Postoperative disruptions are 
divided into early (within 3 months of surgery) or 
late. Early tears are normally the result of an 
injury or falls. Late disruptions are due to gradual 
weakening or stretching of the tendon pursuant to 
the pre-existing comorbidities or surgical errors.

22.2  Anatomy

The quadriceps tendon, patella and the patellar 
tendon constitute the extensor mechanism of the 
knee. The quadriceps muscle complex coalesces 
into the quadriceps tendon, which is about 8 mm 
thick at its insertion into the proximal pole of the 
patella. At the distal pole of the patella, the quad-
riceps tendon merges into the patellar tendon, 
which inserts into the tibial tubercle. The thick-
ness of the patellar tendon ranges from 4 to 7 mm 
while the width ranges from 20 to 30 mm [6, 7]. 
In this chapter, we shall elucidate the problems 
associated with the quadriceps and patellar ten-
dons only. Fractures of the patella after TKA are 
a topic for a separate chapter.

Anastomoses of the descending branches of 
the lateral femoral circumflex, the descending 
genicular and the medial and lateral superior 
genicular arteries provide the blood supply to the 
quadriceps tendon [8]. There is a watershed zone 
1 to 2  cm proximal to the superior pole of the 
patella [9, 10]. The inferior medial and lateral 
genicular arteries along with the recurrent ante-
rior tibial arteries comprise the blood supply of 
the patellar tendon [11].

The patella acts as a fulcrum to increasing the 
lever arm of the extensor mechanism and trans-
mits almost half the body weight while walking 
[12]. Climbing stairs or squatting increase these 
forces by 3.1 and 7 times, respectively [13]. Thus 
the importance of the strength of repair or 
reconstruction.
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22.3  Clinical Features

Patients commonly present with complaints of 
pain, swelling and the inability to actively 
extend the knee. A history of an inciting event, 
fall, getting up from a chair or negotiating stairs 
is frequently encountered. A thorough history 
should be noted and a physical examination (a 
palpable defect, absent active knee extension or 
extensor lag) be performed. Knee instability and 
recovery from the index surgery should be 
noted. The presence of a flexion deformity or 
instability in any plane may necessitate a revi-
sion TKA along with the treatment of the exten-
sor mechanism disruption [14]. Infection should 
be ruled out by obtaining erythrocyte sedimen-
tation rate (ESR), C reactive protein (CRP) and/
or knee aspiration. X-rays (Fig. 22.1) are infor-
mative and the lateral view may show a patella 
baja (indicative of a quadriceps tendon tear) or a 
patella alta (patellar tendon tear). Partial tears 
are difficult to diagnose on a plan radiograph 
and may need a musculoskeletal ultrasound or 
magnetic resonance imaging (MRI) to classify 
the defect [16].

22.4  Classification

 1. Based on the anatomical location of the tear: 
mid substance quadriceps tendon, avulsion 
from the proximal or distal pole of the patella, 
fracture of the patella, mid substance patellar 
tendon, avulsion from the tibial tuberosity.

 2. Based on duration after TKA: intraoperative, 
early (within 3  months) and late (after 
3 months).

 3. Based on pattern of tear: partial, complete.

22.5  Quadriceps Tendon Ruptures

The incidence of quadriceps tendon ruptures 
ranges from 0.1% to 1.1% [2, 4, 17]. Partial rup-
tures are more common than complete tears. 
Partial ruptures can be managed conservatively 
by means of a long knee brace/cast for 4 to 
6 weeks with protected weight bearing. An exten-
sor lag of >20° is an indication for a surgical 
repair [18].

Complete ruptures are not amenable to con-
servative management. Primary repair of early 
quadriceps tendon tears (within 3  months of 
TKA) has been reported to be successful. 
Chappan J et  al. reported on the early primary 
repair of the quadriceps tendon in ten knees using 
an end-to-end repair by the modified Krackow 
stitch and found no extension lag at 18 months of 
follow-up. They concluded that the early tears 
were due to sudden loading of the quadriceps ten-
don unit, which had not completely strengthened 
after TKA [19]. Vaishya et al. also reported good 
results of primary repair with no extension lag at 
8–9  months after surgery [20]. Pull through 
sutures or suture anchors can also be used to 
repair a quadriceps tendon tear from near the 
proximal pole of the patella [21].

Delayed quadriceps tendon tears (tears after 
3 months of TKA) have a poor result after a pri-
mary repair. Dobbs et al. reported a high compli-
cation rate (55%), including knee instability, 

Fig. 22.1 Preop X-ray of knee showing a high riding 
patella (Reproduced from Rajgopal et al. 2015 [15])
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rerupture (40%) and infection in those patients 
where a primary repair was done [2]. Similar 
poor results have been reported by Papalia et al. 
[22], Singh S et al. [23] and Pagnano MW et al. 
[24]. Those with partial tears, which were man-
aged conservatively had good outcomes.

The watershed zone proximal to the patella, 
compromised blood supply on account of comor-
bidities or scarring due to multiple surgeries and 
large patellofemoral forces during routine func-
tional activities may be the factors leading to 
poor results of direct repair.

The recommended treatment involves recon-
struction techniques with autografts, allografts 
and synthetic meshes. Commonly used autografts 
are the hamstring tendons, patellar tendon with a 
bone block, free fascia lata graft or a quadriceps 
tendon. Modified V-Y quadriceps tendon turn-
down flap has also been used to restore the exten-
sor mechanism [25]. They have the advantage of 
being available locally around the knee, lower 
cost and no risk of disease transmission when 
compared to allografts. Furthermore, there are 
always questions as to the incorporation of the 
allografts when compared to the autografts. The 
harvest of the autograft may lead to local morbid-
ity and delayed recovery for the patient. In addi-
tion, sometimes adequate length of the autograft 
is not available. When allografts are readily avail-
able, despite the higher cost and risks of disease 
transmission, it has the distinct advantage of 
availability in various sizes and lengths and lack 
of donor site comorbidity. Fresh frozen allograft 
is considered to have more strength but is more 
immunogenic than freeze-dried allografts [26].

Synthetic mesh (Marlex) is considered to be 
advantageous over augmentation because of its 
relatively easier surgical technique, lower cost 
and reliability [27]. It is porous and acts like a 
scaffold for tissue ingrowth. Its higher tensile 
strength allows for a stronger construct [28, 29]. 
Within 4  months infiltration with fibroblasts, 
neovascularization and collagen deposition is 
seen on histopathological specimens [29].

22.5.1  Surgical Technique of Using 
a Marlex Mesh for Extensor 
Mechanism Reconstruction 
[27, 28]

The knitted monofilament polypropylene graft is 
folded onto itself to create a tubular graft 8–10 
layers thick. The distal portion is placed in a 
trough created between the tibial tubercle and the 
tibial component. It is fixed with cement and a 
screw if the implant is not being revised. In case 
of a revision with a tibial stem, the graft is placed 
directly into the cement-filled canal in front of 
the stem. The proximal part of the graft is sutured 
to the mobilized vastus lateralis and lateral reti-
naculum with heavy non-absorbable sutures. The 
vastus medialis is then mobilized to cover the 
graft and the vastus lateralis muscle in a tech-
nique referred to as “pants over vest” advance-
ment. The distal arthrotomy is closed tightly with 
complete coverage of the graft with host tissue. A 
long leg cast is applied for 10–12  weeks. 
Thereafter, progressive range of motion and par-
tial weight bearing is initiated with the target of 
achieving 0–90° of movement by the end of 
4 months from surgery.

Browne and Hanssen published the first study 
to assess the result using the Marlex mesh. Forty- 
three patients underwent extensor mechanism 
reconstruction using the synthetic mesh. Four 
patients suffered complications, including failure 
of the graft reconstruction (3) and recurrent 
infection (1). Excluding these four patients, the 
mean postoperative extensor lag was 2.8°. Mean 
knee flexion was 103° [28].

Abdel et al. reported on the 4 year results of 
reconstruction of the extensor mechanism with 
the use of the Marley mesh. Eighty-four percent 
of the mesh reconstructions were in place with 
good functional results and a mean improvement 
of 26° in the extensor lag.12 patients out of 77 
needed revision of the mesh [27].
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22.5.2  Patellar Tendon Ruptures

The reported incidence is 0.17–2.5% with multi-
factorial causes, as elucidated earlier in the chap-
ter [4, 30]. Acute injuries are those which occur 
during surgery and within 3 months of TKA. They 
are a result of a traumatic incident. Late ruptures 
are thought to result from a neglected partial 
injury and manifest themselves over a period of 
time. The tendon tear can be avulsion from the 
patella, the tibial tuberosity or a mid substance 
tear.

Acute avulsion tears can be treated by using 
sutures in the soft tissue and either drill holes or 
suture anchors in the bone. Primary repairs of 
mid substance tears by using end-to-end suture 
has resulted in poor results, with 85% of the 
knees failing, as reported by Rand et al. [31]. The 
reason for this was primarily poor host tissue on 
account of scarring and compromised vascular-
ity. Thus the need to augment the repair using 
autografts or allografts and fixation by means of 
sutures, staples and wires [32].

The repair can be augmented using the host 
semitendinosus tendon (ST), gracilis tendon or 
the quadriceps tendon with or without a bone 
block [33]. When the ST is used, its distal inser-
tion is preserved, and the proximal end is looped 
through the patella and sutured onto itself, main-
taining adequate tension.

Rajgopal et  al. described a new technique 
for the reconstruction of a chronically torn 
patellar tendon [15]. A quadriceps tendon auto-
graft with a patellar bone block was used to 
reconstruct the patella ligament and this con-
struct was augmented with the ST. There was 
improvement of preoperative extensor lag from 
a mean of 40° to <5° at the time of final follow-
up. Seven of the eight patients had an extensor 
lag of <5° at 4  years after surgery. The knee 
society functional scores improved from a 
mean of 30 preoperatively to 75 postopera-
tively. This is a good option when allografts 
are not available.

22.5.3  Surgical Technique of Patellar 
Tendon Reconstruction Using 
a Quadriceps Tendon-Bone 
Graft Augmented with ST [15]

With the patient supine and the tourniquet 
inflated, the extensor mechanism is exposed using 
the existing skin incision extended proximally. A 
rectangular block of bone 15 mm wide and 25 mm 
long is marked on the proximal pole of the patella 
and harvested using a saw (taking care that the 
depth does not go beyond 15 mm). The quadriceps 
tendon is harvested upto a total length of 100 mm 
(Figs.  22.2 and 22.3). The created defect in the 
quadriceps tendon is closed using absorbable no. 
1 Vicryl (Ethicon, Johnson & Johnson). The tibial 
tuberosity is identified by means of intraoperative 
fluoroscopy, and a trough measuring 25  mm in 
length and 15 mm in width and depth is created 
(Fig. 22.4). This bone can be used to fill up the 
defect in the patella. The bone component of the 
harvested graft is fixed in the trough by means of 
two cancellous screws (Fig. 22.5). The ST is har-
vested at this time, keeping its distal attachment 
intact. It is passed laterally through a tunnel just 
distal to the tibial tuberosity. A 4.5 mm transverse 
tunnel is drilled across the body of the patella and 
the ST is passed through it from the lateral to the 
medial side. The tendon end of the quadriceps 

Fig. 22.2 Quadriceps donor site with bone block from 
patella (reproduced from Rajgopal et al. 2015 [15])
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Fig. 22.3 Harvested quadriceps tendon with bone block 
(reproduced from Rajgopal et al. 2015 [15])

Fig. 22.4 Trough created in the tibial tuberosity (repro-
duced from Rajgopal et al. 2015 [15])

Fig. 22.5 Post-op 
X-rays showing fixation 
of the graft in the trough 
with screws (reproduced 
from Rajgopal et al. 
2015 [15])

graft is split longitudinally for 25 mm, and these 
ends are attached to the anterior surface of the 
patella by means of absorbable suture anchors and 
to the surrounding soft tissue using no. 1 Vicryl. 
This is done while pulling the patella downward. 
The ST is then pulled distally and sutured onto 
itself at its attachment. The ST is also sutured to 
the medial and lateral reticular remnants and the 
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quadriceps tendon graft all along its course. The 
knee is then immobilized in a long knee brace for 
10–12 weeks and partial weight bearing allowed 
as per  tolerance of pain. Full weight bearing and 
knee range of motion is started once the brace 
is removed at 10–12  weeks and knee range of 
motion is gradually increased by 10–15° every 
week with a goal to achieve 90° of flexion by the 
end of 12 weeks.

Allografts are used when there is deficient 
host tissue that cannot be repaired by primary 
end-to-end repair along with augmentation tech-
niques. Whole extensor mechanism allografts 
and Achilles tendon allografts are the mainstay 
of extensor mechanism reconstruction. Achilles 
tendon allografts are used with an intact patella/
patellar component which can be mobilized to 
within 2 to 3 cm of the joint line. With an absent 
or insufficient patellar bone a whole extensor 
mechanism allograft is indicated [18, 32, 34–36].

22.5.4  Surgical Technique 
of Extensor Mechanism 
Reconstruction Using 
an Allograft

Tibial preparation in the use of allografts is simi-
lar to that of autografts. A trough 6–8  cm long 
and 2 cm wide is created on the tibial tuberosity. 
The graft bone is prepared to be slightly bigger 
than the trough so that a press fit is achieved. It 
can be fixed by means of previously laid cerclage 
wires or screws. When using an Achilles tendon 
graft, the proximal part is fixed on to the distal 
patella using suture anchors or pull through non- 
absorbable sutures. In case of a whole extensor 
mechanism allograft, the graft is tensioned proxi-
mally while the host quadriceps remnant is pulled 
distally over the graft and sutured along the edges 
using a pants over vest technique. The suturing 
should be done under maximum tension of the 
tissues with the knee in full extension.

A cast is applied for 8–10 weeks followed by 
progressive knee range of motion with the aim to 
achieve a functional range by 4–5 months.

Early results were promising but with time 
almost 30% of patients developed an extensor 
lag of >20° [35]. This was attributed to inade-
quate tensioning of the graft while suturing. 
Hence the importance of maximal tension on 
the graft with the leg in full extension during 
repair and in the postoperative period [34]. At 
5 years of follow-up 56% had full extension and 
38% had failed [18].

Lamberti et al. compared the results of exten-
sor mechanism reconstruction using an Achilles 
tendon allograft (group 1), quadriceps tendon 
autograft augmented with an ST (group 2) and a 
full extensor mechanism allograft (group 3). 
There were no differences in the postoperative 
extensor lag between the three groups. 
Comparison between the groups showed a statis-
tically significant difference in the mean postop-
erative knee scores between Group 1 and 2, but 
not between Group 1 and 3 or between group 2 
and 3 [36].

Gastrocnemius flap including a part of the 
Achilles tendon can also be used to reconstruct 
the patellar and quadriceps tendons. The tech-
nique involves dividing the medial gastrocnemius 
at its insertion into the Achilles tendon. The mus-
cle tendon complex is mobilized proximally up to 
the tibial condyles and transposed anteriorly and 
sutured to the residual patellar or quadriceps ten-
don. All patients had managed to regain sufficient 
extensor mechanism strength to return to inde-
pendent ambulation [37, 38].

The use of biologics such as platelet-rich 
plasma, set cells and bone marrow aspirate may 
have a role in enhancing the healing of such 
reconstructions. Their role is not yet clear, and 
results of further research are awaited.

Extensor mechanism disruption after TKA is a 
distressing event that is best avoided. It leads to a 
high morbidity as far as the patient is concerned. 
Complication rates after a patellar tendon repair 
are higher than that of a quadriceps tendon repair 
(63.16–25.37%). When we compare the compli-
cation rates after reconstruction using autograft, 
allograft or mesh reconstruction the complication 
rates are almost similar [39].
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22.6 Summary

We recommend that acute avulsions (quadriceps 
and patellar tendon) should be repaired urgently 
using sutures in the soft tissues and drill holes/
anchors in the bone. Transverse mid substance 
quadriceps tears in an acute setting can be 
repaired primarily with modified Krackow type 
sutures. All late quadriceps tendon tears and 
patellar tendon tears need reconstruction using 
autograft, allograft or synthetic mesh. The choice 
of technique may be hampered in some countries 
due to the unavailability of allograft. The results 
of these procedures are highly dependent on the 
quality of the local tissue, functionality of the 
underlying arthroplasty, individual patient and 
surgeon’s expectations.
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23.1  Introduction

Total knee arthroplasty (TKA) is a successful and 
a cost effective procedure to restore function and 
relieve pain in patients suffering from arthritis. 
Despite its clinical success, approximately 20% 
of patients remain dissatisfied with the outcome 
of the procedure [1]. A number of factors such as 
unmet expectations, functional limitations and 
postoperative pain have been commonly impli-
cated [2]. Residual pain following TKA is a well-
documented phenomenon with an incidence as 
high as 20% [2–4]. It represents a complex mul-
tifactorial process and forms a diagnostic chal-
lenge requiring a thorough systemic and 
methodological evaluation. It is a source of dis-
tress both to the patient as well as the surgeons 
and is often a reason for revision surgery [5]. The 
identification of the source of pain is important to 
ensure a successful outcome in terms of patient 
function and satisfaction. Broadly the pain can be 
classified into nociceptive and neuropathic, each 
requiring a specific plan of management. 
However, often a combined approach is required 
since these two categories are not exclusive of 
each other. Nociceptive pain occurs when there is 

a stimulation of nociceptors due to stimuli caus-
ing real or potential tissue damage whereas neu-
ropathic pain is dull or burning kind of pain 
caused due to the direct damage to the somato-
sensory system [6, 7]. An estimated prevalence of 
6–13% of the patients following TKA suffer from 
neuropathic pain with conditions such as com-
plex pain regional syndrome (CPRS), saphenous 
neuralgia, diabetic neuropathy and fibromyalgia 
acting as potential risk factors [8, 9]. This condi-
tion often requires antidepressants or anti-con-
vulsants and are resistant to NSAIDs and opioids 
[10]. Nociceptive pain on the other hand can arise 
due to a pathology affecting the intra- or peri- 
articular structures and can be identified through 
a proper history and clinical examination 
(Table  23.1). These conditions are mechanical 
nociceptor stimulators and generally respond 
well to NSAIDs and opioids.

23.2  History

An accurate and detailed history is imperative to 
reach a correct diagnosis esp. any history of previ-
ous allergies, infection and antibiotic therapy. A 
history regarding previous psychological consul-
tation, social situation (compensation, sick leave, 
family involvement) and patient expectation 
should also be sought. A careful history is required 
for patients using long term preoperative opioids 
as it leads to hypersensitivity of the opioid recep-
tors causing intense pain in the postoperative 
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period [11]. Additionally, history of pain in the 
ipsilateral extremity or spine should be noted 
along with history of onset, aggravating/relieving 
factors and systemic manifestations. It is impor-
tant to determine whether the pain is aseptic or 
septic based on the history provided such as recur-
rent swelling, wound complication and fever. Any 
clue for extra-articular causes of pain such as 
peripheral vascular diseases, chronic kidney dis-
ease and lumbar stenosis can be deduced by 
reviewing patient’s comorbidities [12–14].

23.3  Evaluation of Psychological 
and Mental Health

Patients with conspicuous behaviour, pain cata-
strophizing, clinical findings inconsistent with 
history or past psychiatric illness should be 
identified and subjected to professional psycho-
logical evaluation. History of any changes in 
pharmacological or psychological profile should 
be examined. A meta-analysis on predictors of 
persistent pain revealed mental health and cata-
strophizing as one of the main determinants of 
postoperative pain after TKA [14]. Poor mental 
health such as symptoms of depression and anx-
iety have been found to predict inferior outcome 
following TKA [9].

23.4  Physical Examination

The next step of evaluation is physical examina-
tion. Inspection should be carried out to look for 
any changes in the attitude of the limb, skin pig-
mentation, swelling, draining sinuses, wound 
dehiscence and vascular congestion (Fig. 23.1a, b). 
Any rise in the warmth should be identified and 
tenderness checked. Full passive and active range 
of motion, and patellar tracking should be exam-
ined as its abnormality indicates component mal-
positioning, soft tissue impingement or 
arthrofibrosis. Patellar clunk can be palpated while 
moving the knee from flexion to extension. A loose 
patellar component can be palpated by a positive 
patellar grind test. A thorough neurovascular exam-
ination should be performed and muscular atrophy 
noted. Stability analysis should be done which 
includes medio-lateral and antero- posterior test at 
full extension and then sequentially at 30°, 60° and 
90° of flexion [15]. Any medial or lateral opening 
>5 mm should be identified and further classified 
into symmetric or asymmetric instability [16]. 
Examination of dorsal capsule stability is done at 
full extension and collateral stability at subsequent 
flexion of 30°, 60° and 90°. Sagittal plane instabil-
ity is examined by antero-posterior translation at 
full extension, and 90° flexion. Observation of gait 
may reveal subtle information such as varus or val-
gus thrust revealing knee instability or clicking 
suggesting component impingement. Difficulty in 
stair climbing, rising from chair or performing 
deep knee bend should be identified [17]. Further 
examination of lumbar spine, iliosacral joint, hip, 
ankle and foot should be performed and CRPS 
should also be ruled out [18].

23.5  Imaging

Standing full length scannograms, antero- posterior 
(AP), lateral and sun-rise/merchant views should 
be obtained. These X-Rays are useful to see any 
change in overall mechanical axis and assess com-
ponent position, size and fixation. Any evidence of 
bony defects, fracture, osteosynthesis material, 
loosening lines, underhang or overhang should be 
identified. Serial radiographs, both preoperative 

Table 23.1 Provisional diagnosis and the type of pain in 
patients presenting with knee pain following TKA

Night pain Infection or joint effusion
Pain on descending stairs 
or rising from chair

Femoral malrotation
Flexion gap instability

Anterior knee pain Patellar tendinitis
Patellar maltracking

Posterior knee pain Posterior capsule 
tightness
Popliteal tendon 
impingement

Pain on full extension Anterior soft tissue 
impingement
Posterior capsule 
tightness

Pain on full flexion Posterior impingement 
(osteophytes/offset)

Starting pain Loose components
Recurrent effusion Component loosening, 

instability
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and post-operative should be analyzed for com-
parison of component position, component migra-
tion, posterior offset calculation, patella height and 
joint line. Functional stress radiographs (varus-
valgus) at 30° and 90° of flexion can prove useful 
to document frontal plane asymmetry and flexion-
extension gap mismatch.

Computer tomography (CT) scans are useful 
in assessing the component rotation, cement 
debris (not visible on radiographs). MRI can 
prove useful in excluding degenerative spinal dis-
eases or spinal canal stenosis and evaluating any 
synovitis or arthrofibrosis in the knee. Eighteen 
fluoride positron emission tomography is an 
upcoming investigation that has shown promis-
ing results in detection of aseptic component 
loosening however is limited by its availability 
[19]. Leucocyte or bone marrow scintigraphy can 
be helpful in ruling out low grade prosthetic joint 
infection [20].

23.6  Laboratory Tests

Following a comprehensive clinico-radiological 
examination, routine laboratory tests are useful in 
diagnosing the cause of pain following 
TKA. Standard lab tests include erythrocyte sedi-
mentation rate (ESR), leucocyte count (WBC) 
and quantitative C-reactive protein (CRP). The 
timing of the tests forms an important consider-
ation in the evaluation. ESR peaks around 1 week 
after the surgery and returns to baseline after 
3  months while CRP peaks 2–3  days after sur-
gery and returns to baseline after 3 weeks [21]. 
An ESR >30 mm and CRP >10 mg/L suggests a 
high index of infection and warrants aspiration 
[2]. Studies have shown a combination of ESR 
and CRP to carry a specificity >90% [22].

A synovial analysis is an important adjunct to 
differentiate between septic and aseptic causes. It 
includes manual and differential cell counts, aer-

ba

Fig. 23.1 Scar pathologies seen in the postoperative period in patients after TKA, (a) stitch abscess; (b) keloid 
formation
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obic and anaerobic cell cultures. The aspiration 
should be performed with the patient being off 
from the antibiotics for at least 2 weeks. A WBC 
count between 1100 and 4000 cells/μL with poly-
morphonuclear cells (PMN) >65% is indicative 
of chronic TKA infections [23]. Additional tests 
such as alpha-defensin, leucocyte esterase, 
D-dimer and synovial CRP have also been shown 
to help diagnose infection [24–26]. Gram stain 
has a low diagnostic value due to its low specific-
ity and sensitivity. A positive culture should 
always be correlated with patient’s clinical symp-
toms and serological tests. A repeat aspiration 
should be done on clinical suspicion.

23.7  Intra-Articular Causes of 
Pain Following TKA

23.7.1  Aseptic Loosening

It forms a common cause of painful TKA. Patients 
usually present with knee pain on weight bearing 
(start-up pain) which is relieved by rest. Normal 
laboratory values helps in differentiating it from 
an infection. Standing radiographs may show 
signs of osteolysis (Fig.  23.2), malalignment, 

component malposition and polythene wear 
(Fig. 23.3). Serial radiographs are especially use-
ful in detecting changes in the implant position 
and bone-cement-implant interface [2].

23.7.2  Instability

Instability following TKA commonly presents 
with knee pain and a through history and physical 
examination is required to elicit the time and 
cause. A flexion gap mismatch will present as 
pain and instability on walking up and down the 
stairs which is relieved on rest. Excessive antero-
posterior translation at 90° will help in reaching a 
diagnosis (Fig. 23.4). An extension gap instability 
causes pain and instability on stance phase of the 
gait. It can be further classified into symmetric 
and asymmetric depending upon the cause. 
Excessive proximal tibia or distal femoral resec-
tion can lead to symmetric instability while varus 
or valgus under- correction can lead to asymmetric 
instability (Fig. 23.5).

Mid-flexion instability occurs when both the 
flexion and the extension gaps are balanced but 
subtle instability occurs during the arc of motion. 
Patient seldom presents with any history of insta-

Fig. 23.2 Osteolysis after total knee arthroplasty
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bility. The clue to diagnosis is history of pain 
with mild recurrent effusion with normal ESR 
and CRP values. It can also lead to impingement 
synovitis and recurrent hemarthrosis. On exami-
nation, this condition can be shown by a more 
than 1 cm AP translation on anterior drawer test 
with knee at 70–90° of flexion.

Posterior cruciate ligament (PCL) insuffi-
ciency in cruciate retaining implants can also 
present with instability especially when climbing 
upstairs and can be diagnosed with a posterior sag 
sign or a grade 2+ or 3+ Posterior Drawer Test.

23.7.3  Patellofemoral Dysfunction

Patellofemoral pain can arise from various patella 
related causes such as maltracking, component 
malpositioning, avascular necrosis (AVN), frac-
ture (Fig. 23.6) and patellar clunk.

Patella maltracking is considered as one of 
the common causes of post TKA pain and is 
generally caused due to internal rotation of the 
femoral or tibial component (Fig.  23.7). 
Watanabe et  al. showed component malposi-
tioning in up to one-sixth cases of TKA with 

Fig. 23.3 Osteolysis and polyethylene wear

Fig. 23.4 Sagittal plane 
instability
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tibial malpositioning to be a common cause 
[27]. It commonly occurs due to inadequate 
exposure of posterolateral tibia thus placing the 
component in internal rotation. Other causes of 
maltracking can be soft tissue imbalance, 
unsurfaced or asymmetric patellar resurfacing 
or valgus knees. Radiographically, it can be 
best assessed by patellofemoral radiographs at 
30°, 45° and 60° of knee flexion or through gait 

Fig. 23.5 Stress view 
showing Valgus 
instability

Fig. 23.6 Lateral view showing patella fracture after total knee arthroplasty

Fig. 23.7 Patella maltracking
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cycle. CT scans are required to assess the com-
ponent rotation.

Patellar clunk, although less common, has a 
significant impact on patients presenting with 
post TKA pain. It usually presents with palpable 
audible clunk and pain when knee moves from 
30° to 45° of knee flexion to full extension. It is 
caused due to fibrous condensation at the junc-
tion of superior pole of patella and quadriceps 
tendon which gets caught in the femoral box 
when the knee moves through extension. It pres-
ents 7–11 months after index TKA surgery has an 
estimated incidence upto 12% [28]. The risk fac-
tors for this condition are increased femoral off-
set, flexed femoral components, thicker inserts, 
shortened patella length, posterior stabilized and 
rotating platform designs [29, 30]. This diagnosis 
is often a clinical diagnosis, however can be con-
firmed on ultrasonography (USG) and requires 
an open/arthroscopic debridement.

Avascular necrosis (AVN) of the patella pres-
ents with anterior knee pain and can be seen par-
ticularly in patients with valgus knee with 
extensive soft tissue release following medial 
parapatellar arthrotomy. Radiographically, it 
presents with subtle change in the bone density 
and often requires MRI for the confirmation of 

diagnosis. Along with knee pain it can lead to 
other complications such as patellar fracture, 
fragmentation and patellar component 
loosening.

23.8  Implant Malposition

A proper component sizing and rotation have 
been linked with better outcomes and increased 
implant longevity [31]. Tibial component under-
sizing may result in subsidence due to lack of 
bony support. Conversely an oversized tibial 
implant may lead to soft tissue impingement 
causing pain due to tibial overhang. A medial 
overhang leads to medial capsular irritation and 
lateral overhang leads to iliotibial band, lateral 
capsule or lateral collateral ligament irritation. 
Posterolateral overhang can lead to popliteal 
impingement which is commonly seen in sym-
metric baseplates [32, 33]. Its incidence has been 
seen to be approximately 13% and although it has 
been cited as a common cause of pain, recent 
studies have questioned its clinical relevance in 
terms of functional outcomes [31, 34, 35].

Femoral overhang has been quoted as a source 
of inferior outcomes following TKA (Fig. 23.8). 

a
b

Fig. 23.8 Showing 
femoral overhang (a) 
which was a cause of 
pain and stiffness 
revised to an optimal 
size (b)
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Marmor et al. showed that over-voluming of the 
femoral implant is expected in 24% of patients 
undergoing TKA and causes excessive tension in 
the joint capsule contributing to pain and stiffness 
[36]. Mahoney et al. found an overhang >3 mm to 
be predictor of knee pain within 2 years of surgery 
[37]. Risk factors that should be kept in mind are 
females, short stature, lower medial distal femoral 
angle and larger femoral implants [36, 37].

23.9  Popliteal Tendon 
Dysfunction

Popliteus tendon dysfunction due to impinge-
ment can be a source of pain following TKA due 
to impingement on the lateral osteophytes or 
prominent femoral components [38]. Popliteal 
Tendon Impingement has been shown to occur in 
TKA with appropriate sized tibial implants as 
well [39]. This condition can be confirmed by 
therapeutic and diagnostic ultrasound guided 
infiltration of local anaesthetics and can be 
treated by an open or arthroscopic guided release 
of popliteus tendon [40].

23.10  Hypersensitivity to Metal or 
Cement

Sensitization to metal, cement or antibiotics are 
being increasingly known due to rise in the num-
ber of TKA being performed around the globe. 
Hypersensitivity to metal or cement or antibiotics 
can present with localized dermatitis and painful 
synovitis of the knee. A complete dermatological 
evaluation should be performed in patients sus-
pected with this condition. Investigations such as 
patch testing and lymphocyte proliferation testing 
have shown to have some value.

23.11  Complex Regional Pain 
Syndrome (CRPS)

CRPS can be a disabling cause of pain and stiff-
ness following TKA and can prolong the recov-
ery. It is caused due to dysfunctional autonomic 

nervous activity and has an incidence of 0.7–12% 
after TKA [41]. Common symptoms include 
sweating, skin edema, trophic changes, joint 
stiffness and out of proportion pain. Early recog-
nition and treatment is critical and involves series 
of oral analgesics, regional anaesthetics and local 
sympathetic nerve blockade with physiotherapy 
to maintain the joint motion [41, 42].

23.12  Extra-Articular Cause of Pain

Knee pain referred from spine and hip can be a 
major cause of pain in patients that have under-
gone TKA, thus a thorough clinic-radiological 
examination should be performed in these 
patients. Additionally vascular causes of pain 
should be kept in mind in these patients. Common 
examination findings includes decreased distal 
pulses, skin changes and hair loss, pain on walk-
ing to certain distance. Studies have shown poor 
outcome in patients with untreated lumbar pain 
or spinal canal stenosis undergoing successful 
TKA [43, 44].

23.13 Summary

Pain following TKA ultimately affects the qual-
ity of life and thus should be investigated system-
atically. History and clinical examination forms 
an indispensable part of the process along with 
radiological evaluation. Laboratory work up 
helps in differentiating infective from non- 
infective etiology. Although common causes for 
pain after TKA is intra-articular, extra-articular 
causes should be borne in mind while  investigating 
them. Using an algorithmic approach to a painful 
TKA can lead to a successful failure analysis 
which forms an important pre-requisite for the 
revision surgery.
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Management of the Stiff Total 
Knee Replacement

Rohit Singhal, George Pavlou, and Nikhil Shah

24.1  Introduction

Knee arthroplasty is an effective treatment 
modality for degenerative joint disease affecting 
the knee joint. However, the satisfaction follow-
ing knee replacement has been a matter of debate 
as well as concern. Up to 30% of the patients 
undergoing knee arthroplasty remain dissatisfied 
post-knee replacement regardless of the occur-
rence of complications [1–6]. Post-knee replace-
ment stiffness or lack of satisfactory range of 
movement is one of the main causes of dissatis-
faction for patients and a challenging complica-
tion for the surgeon [7]. It also poses a major 
health burden, constituting one of the most com-
mon causes of 90-day readmission after knee 
replacement surgery and also a leading cause for 
revision knee surgery [8–10].

Satisfactory range of movement at the knee is 
essential for engaging in common activities of 
daily living. Walking on a flat surface requires 
45–55° of flexion, while going up and down 
stairs requires around 85° of flexion. Getting up 
from a chair requires around 95° of flexion [11].

An international consensus on post-surgical 
fibrosis of the knee classified knee stiffness into 
three grades: mild, moderate and severe. Mild 

stiffness is flexion of 90–100° and/ or extension 
deficit 5–10°, moderate stiffness having 70–89° 
and/or extension deficit of 11–20° and severe 
stiffness having flexion <70° and extension defi-
cit of more than >20° [12]. In generality, a flexion 
contracture of more than 10° or range of flexion 
<90° or the combination of the two is defined as 
stiff knee [13, 14]. Knee stiffness can be per-
ceived differently by different individuals and 
depends upon patient expectation and the preop-
erative range of movement. A patient with 90° of 
preoperative range of movement might be satis-
fied by gaining another 10° post-operatively, 
while a patient who has 120° of preoperative 
range of movement may be unsatisfied by a loss 
of 10° of movement, although 110° may be con-
sidered a satisfactory range of movement by 
many experts.

Prevalence of stiffness after knee replace-
ment is variable and unclear because of the lack 
of consensus regarding the definition of post-
knee arthroplasty stiffness. The quoted preva-
lence in the literature ranges from 1.3 to 12% 
[15–20].

24.2  Risk Factors and Aetiology

Several risk factors and causes have been identi-
fied for post-knee arthroplasty stiffness. These 
can be broadly divided into: preoperative, intra-
operative and post-operative.
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24.2.1  Preoperative

Restricted preoperative range of movement, pre-
vious joint conditions, previous knee surgery or 
infection. Other associations: female gender, 
young age, high BMI, co-morbidities such as 
Diabetes Mellitus, Pulmonary disease and 
depression, smoking, complex regional pain 
syndrome.

24.2.2  Intraoperative

Soft tissue scarring, errors in gap balancing, 
implant mal-positioning, failure to carry out 
appropriate soft tissue release and resect osteo-
phytes, inappropriate tibial slope, poor restora-
tion of joint line, patellar tendon scarring and 
patella baja and inaccurate implant sizing.

24.2.3  Post-Operative

Infection, poor patient motivation, inadequate 
rehabilitation, inadequate pain control, complex 
regional pain syndrome.

Preoperative range of movement is the most 
important determinant of post-operative range of 
movement [21]. However, patients with preoper-
ative reduced range of movement gained more 
improvement than ones without reduced range of 
movement after knee arthroplasty [22]. There has 
been some recent focus to study the impact of 
preoperative rehabilitation on the final range of 
movement after knee replacement. The system-
atic review by Sharma et  al. demonstrated that 
rehabilitation before knee arthroplasty lowered 
the length of stay but its effect on knee outcome 
scores was inconclusive [23]. Further research in 
the form of high-quality randomised controlled 
trials is required to investigate the role of preop-
erative rehabilitation [23, 24].

Non-modifiable risk factors such as female 
gender and young age have been shown to be a 
risk factor for stiffness [25, 26]. The association 
of range of movements with diabetes is contro-
versial. According to some studies, co-morbidi-
ties such as Diabetes Mellitus and Pulmonary 

disease seem to affect the final range of move-
ment after knee arthroplasty more than others 
such as hypertension and heart disease [22, 27]. 
A recent systematic review however has ques-
tioned the association of diabetes with post 
arthroplasty knee stiffness [28]. Smoking also 
seems to have a prominent effect as opposed to 
alcohol [27]. Knees affected by underlying con-
ditions such as ankylosing spondylitis, traumatic 
arthritis and septic arthritis tend to show poorer 
post-operative range of movement as compared 
to ones with osteoarthritis and rheumatoid arthri-
tis [29, 30]. Previous knee surgery can also have 
a profound effect on post-knee replacement range 
of movement. An average loss of 10° of move-
ment has been demonstrated after previous proxi-
mal tibial osteotomy, and increased revision rate 
has been shown for various reasons, including 
stiffness after knee arthroscopy prior to knee 
arthroplasty [31, 32].

Complex regional pain syndrome is an impor-
tant factor both in the preoperative and post- 
operative period. The incidence of complex 
regional pain syndrome amongst patients with 
knee replacement is less than what was previ-
ously thought, being around 0.8% [33, 34]. It 
usually presents as pain and stiffness affecting 
flexion more than extension, with hypersensitiv-
ity and low local temperature. Radiographs may 
demonstrate patellar osteoporosis and diffuse 
periarticular osteopenia [35].

Arthrofibrosis is dense scar tissue and forms 
in around 4% of post-knee arthroplasty patients. 
This can lead to significant stiffness and associ-
ated disability [36–39]. Risk factors for its devel-
opment are poorly understood and may include 
prosthetic joint infection and implant malalign-
ment. In many cases however, arthrofibrosis can 
occur without any underlying identifiable cause. 
Histologically there is a process of tissue meta-
plasia involving excessive extracellular matrix 
laid down by upregulated proliferation and func-
tion of myofibroblasts [40, 41]. On a molecular 
level, it is thought to be the result of an imbalance 
between Matrix Metalloproteinases (MMPs) and 
Tissue Inhibitors of Matrix Metalloproteinases 
(TIMPs). This imbalance is perceived to be 
genetically predisposed [42].
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Arthrofibrosis usually affects the suprapatellar 
region resisting flexion and in the medial and lat-
eral gutters. When affecting the posterior cap-
sule, this can lead to reduction in extension of the 
knee.

All aspects of the initial surgical technique can 
have implications on post-operative range of 
movement [43]. During exposure, extensive dis-
section around the patellar tendon sheath can 
cause scarring and subsequent contraction, result-
ing in patella baja. Under release or over release of 
the collateral ligaments can lead to persistent 
deformity or a flexion/extension gap imbalance 
leading to post-operative pain and stiffness. The 
posterior cruciate ligament may be contracted in 
severe coronal deformity of more than 15–20°, 
posterior cruciate ligament (PCL) is involved in 
the deformity. Inadequate release or resection of 
the PCL may cause restricted movements. On the 
other hand, using a cruciate- retaining knee in a 
case with PCL deficiency may potentially lead to 
relative anterior movement of the distal femur over 
the tibia leading to a tight extensor mechanism, 
resulting in restricted flexion.

Adequate and appropriate excision of osteo-
phytes is important. Persistent osteophytes over 
the medial and lateral surfaces of the femoral and 
tibial condyle can lead to tenting of the collater-
als, leading to pain and stiffness. Posterior osteo-
phytes over the femoral condyle may also place 
the posterior capsule on stretch and if not ade-
quately resected can lead to a flexion 
contracture.

Accurate bony cuts and appropriate balancing 
(sagittal and coronal) are essential for a good out-
come. Inaccurate bony cuts can lead to malalign-
ment of the implant with poor function 
(Table  24.1). The basic concepts of balancing 
should be understood in relation to both the coro-
nal, axial and sagittal planes.

It is recognised that inaccurate bony cuts and 
resultant component malalignment can lead to 
restriction of movement and stiffness. This may 
include excess mediolateral translation, malrota-
tion, component angulation (sagittal or coronal) 
or excess antero-posterior translation. The resul-
tant loss of movement may occur due to various 
reasons such as imbalanced gaps, tenting of the 
capsule-ligamentous structures, overstuffing of 
the patellofemoral joint, or change in the position 
and tracking of the extensor mechanism.

Excessive femoral component flexion can also 
cause limitation to the extension of the knee. 
Conversely, extension of the femoral component 
can lead to loss of flexion.

The tibial slope in sagittal plane is also impor-
tant. Anterior tibial slope may lead to restricted 
flexion of the knee, while excessive posterior 
tibial slope might lead to deep flexion instability. 
Malrotation of the femoral or tibial components 
can impact the flexion gap and patellar tracking.

Balancing the flexion and extension gap is an 
important concept and involves good understand-
ing of the principles and a stepwise approach 
(Table  24.2). In brief, if both the flexion and 
extension gaps are tight, then this can be 

Table 24.1 Implant mal-positioning and impact on post op function

Plane in which the 
implant is malaligned

Description of 
malalignment Anatomical effect

Effect on post-operative 
function

Coronal Translation Tenting of ligaments Pain and decreased range of 
movement

Coronal Angulation Gap imbalance
Malalignment of the whole limb

Excessive wear, pain and 
decreased range of 
movement

Axial Rotation Patellar maltracking Pain and decreased range of 
movement

Sagittal Translation Overstuffing of patellofemoral joint 
space

Pain and decreased range of 
movement

Sagittal Angulation Excessive posterior or reverse tibial 
slope. Flexion or extension of femoral 
component

Decreased range of 
movement and risk of 
flexion instability

24 Management of the Stiff Total Knee Replacement
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addressed by re-cutting the tibia. If either of the 
gaps is affected, then the attention may need to be 
focussed on the femur. Concomitant to the gap 
balancing is the accurate restoration of the joint 
line. Resecting more distal femur in order to 
compensate for the fixed flexion deformity runs 
risks of elevating the joint line. Joint line eleva-
tion could lead to ‘Patella Baja’ which may 
reduce knee flexion.

The impact of the type of implant over the 
range of movement is more controversial. The 
superiority of cruciate-retaining vs. cruciate sac-
rificing, ‘high flex’ vs. standard implants [44–
46], cemented vs. uncemented [47], single radius 
vs. multi-radius femoral component, fixed bear-
ing vs. mobile bearing tibial insert, patellar resur-
facing vs. non-patellar resurfacing has not been 
established conclusively.

Post-operative rehabilitation and recovery is 
influenced by good surgical technique. Gentle 
tissue handling and prevention of hematoma for-
mation combined with optimised analgesia will 
facilitate pain control post-operatively and allow 
the patients to participate with the physical ther-
apy regime more effectively. Most centres will 
now have an enhanced recovery protocols to 
facilitate early mobilisation with physical ther-
apy. There is some evidence that adequate post- 
operative pain control can lead to decreased 
requirement of manipulation under anaesthesia 
for stiff knee replacement [48]. Early post- 
operative engagement with supervised physio-
therapy preferably on the day of surgery or not 
later than 24  h is recommended by the NICE 
(National Institute of Clinical and Health 

Excellence). Self-directed physiotherapy as 
advised by the physiotherapy or occupational 
therapy team is also a recommendation from the 
NICE for rehabilitation of knee replacement 
patients after discharge from the hospital [49]. 
Continuous Passive Motion (CPM) machine and 
cryotherapy have been used for post-operative 
rehabilitation, although the evidence supporting 
these modalities remains scarce [50–54].

24.3  Evaluating the Stiff 
Painful TKR

This starts with obtaining a thorough history 
which includes post-operative recovery, presence 
of swelling or haematoma, and wound problems 
or infection. It is important to clarify the onset of 
stiffness to understand whether the knee was stiff 
all through the post-operative period or the range 
of movement deteriorated after initially achiev-
ing good movement. Information regarding the 
availability and compliance with post-operative 
rehabilitation and pain management is helpful.

Clinical examination includes gait examina-
tion, which can give subtle clue regarding the 
implant malposition or quadriceps inhibition due 
to pain. Asymmetrically internal or external foot 
progression angle may indicate component mal-
rotation. Local examination includes assessment 
of the surgical scar, swelling, warmth and ery-
thema. Both active and passive range of move-
ments should be carefully assessed and measured 
with a goniometer. The extensor mechanism and 
patellar tracking should be assessed carefully to 
assess a soft or hard block to the movement. The 
suprapatellar pouch area may display a firm or 
woody feel. A palpable fibrotic mass may indi-
cate early heterotrophic ossification. Ligamentous 
stability should be assessed throughout the range 
of movement. Allodynia, hypersensitivity, or 
colour and temperature changes may indicate 
complex regional pain syndrome, which may 
need further evaluation by a pain management 
specialist using standardised diagnostic criteria.

The purpose of the investigations is to exclude 
a technical issue or a correctable cause. 
Investigations should then be performed to rule 

Table 24.2 Stepwise approach to gap balancing

Flexion 
gap

Extension 
gap Solution

Tight Tight Resect more tibia
Loose Loose Use thicker tibial insert
Tight Normal Down size the femur
Normal Tight Resect more distal femur
Loose Normal 1. Use posterior femoral 

augment
2. Resect more distal femur 
and use thicker tibial insert 
within limits

Normal Loose Distalize the femur
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out infection as per the guidelines of International 
Consensus on Periprosthetic Joint Infection 
(blood tests, aspiration etc.) [55]. Radiographs 
must be carefully assessed to check for align-
ment, component sizing and positioning. The 
true lateral radiographs are useful to check for 
oversizing of the femoral component, inappropri-
ate tibial slope, osteophytes tenting posterior cap-
sule and patellar height. Cystic bony lesions or 
periosteal reaction could suggest infection. Long 
leg alignment films are helpful in assessing 
 coronal alignment. CT scans performed using 
specific protocols by an experienced musculo-
skeletal radiologist may be helpful in checking 
for component malrotation. MRI can help with 
diagnosing presence and location of fibrotic 
tissue.

24.4  Management of a Stiff Knee 
Replacement

Management of the stiff knee arthroplasty is 
challenging. Treatment options include contin-
ued physical therapy, manipulation under anaes-
thesia (MUA), arthroscopic or open arthrolysis or 
revision knee arthroplasty.

24.4.1  Conservative Treatment

Patients who have moderate loss of motion may 
be treated conservatively. Pearson has reported 
on 20 patients with moderate loss of motion with 
a mean arc of 8–91° at 3 months after total knee 
replacement. These patients were followed up but 
no formal treatment was provided. All had 
improved their movement by 2 years.

24.4.2  Physical Therapy

Timely and appropriate physical therapy can be 
successful in overcoming stiffness in early period 
after knee replacement. The role of physical ther-
apy in the immediate post-operative period after 
primary arthroplasty is to prevent stiffness and 
achieve a satisfactory range of motion. Effective 

targeted therapy in a well- engaged patient will 
generally allow for a full range of motion to be 
achieved and prevent stiffness post-operatively. 
Despite this, however a subset of patients will 
develop stiffness. This is sometimes associated 
with the development of chronic regional pain 
syndrome (CRPS). Early identification of CRPS 
may allow early instigation of appropriate refer-
rals to specialist pain management services and 
targeted specialist physical therapy.

24.4.3  Manipulation Under 
Anaesthesia (MUA)

MUA is the most common intervention under-
taken to manage stiff knee arthroplasty. The tim-
ing of MUA remains contentious. It is generally 
considered that early MUA within 3  months is 
more likely to be successful. However, there is 
literature support for effective outcomes even 
when it is performed much later [56]. Yeon et al. 
have reported no significant influence of the tim-
ing of MUA on the long-term outcome [57]. They 
reported on 48 patients with stiffness after Total 
Knee Replacement managed with MUA between 
3 and 48 weeks (mean 12.3 weeks). They found 
no significant difference between the outcomes 
after MUA performed before or after 12 weeks. 
The authors prefer to perform MUA when indi-
cated before 3 months for the best outcomes. The 
consensus document recommends MUA to be 
performed within 3–6 months [12].

Gentle and careful technique is important 
when performing an MUA to avoid potential cat-
astrophic complications. Iatrogenic fractures 
especially in patients with rheumatoid arthritis, 
distal femoral notching and osteopenia can occur 
if excessive force is used or if the MUA is per-
formed suddenly. Other complications include 
patellar tendon rupture, wound dehiscence and 
haematoma formation. The technique described 
by Fox and Poss recommends adequate muscular 
relaxation with the hip flexed to more than 90° 
[58]. The proximal tibia is held to reduce the 
lever arm and risk of fracture. The actual manipu-
lation should be conducted by gentle sustained 
pressure, bending the knee gradually and contin-
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ually over a period of time until breakage and 
separation of adhesions is felt. Another useful 
technique is to allow the leg to flex gradually 
under the influence of gravity especially in cases 
where the bone quality is soft. A femoral nerve 
block will facilitate pain relief for an extended 
period post-manipulation and is useful to control 
post-operative pain leading to inhibition of move-
ment. The authors prefer the use of a continuous 
passive motion machine to assist with maintain-
ing range of movement, with early instigation of 
supervised targeted physiotherapy.

The results of MUA seem to be fairly durable 
at long-term follow-up. In a systematic review 
looking at 14 studies of MUA with follow-up of 
up to 10 years, Pivec et al. reported that the gain 
of movement was maintained at 5 and 10 years 
follow-up [59].

24.4.4  Arthroscopic Arthrolysis

Arthroscopic arthrolysis has been described in 
carefully selected cases. The main indication 
includes a painless stiff knee replacement with no 
obvious surgical targets in the form of compo-
nent malalignment or underlying infection. 
Arthroscopic release can be carried out in cases 
with arthrofibrosis, retained debris such as 
cement or meniscal tissue, cyclopean lesions and 
a tight PCL in a cruciate-retaining knee. A dura-
tion of <6 months from the index surgery is desir-
able as denser scar tissue makes the procedure 
less successful with further passage of time. Less 
than 60° of range of movement or very dense scar 
tissue might preclude a successful arthroscopic 
treatment [60].

The technique is demanding and requires 
experience. In majority of the cases, anteromedial 
and anterolateral portals may suffice to allow for 
adequate release. Sometimes superior medial and 
or superolateral portals may be required for addi-
tional access. The suprapatellar pouch, medial 
and lateral gutters and intercondylar groove are 
areas that can be successfully accessed with 
arthroscopy. The posterior region of the knee is 
difficult to access with this technique. Arthroscopic 
arthrolysis should always be accompanied with an 

MUA as combining the two techniques has shown 
better outcomes compared to arthroscopic arthrol-
ysis alone [61]. Controversy exists as to which 
procedure should be conducted first in this sce-
nario. Performing the MUA prior to the arthros-
copy may free up adhesions and therefore allow 
for easier arthroscopic access. This however can 
cause bleeding and if no tourniquet is used in the 
arthroscopic procedure may make visualisation 
difficult. In the post-operative period, aggressive 
physiotherapy with application of continuous pas-
sive motion may facilitate maintaining the range 
of movement gained intraoperatively. An average 
gain of 36° range of movement has been demon-
strated using arthroscopic arthrolysis for stiff 
knee replacements with failed manipulation under 
anaesthesia [62].

In the authors’ experience arthroscopic access 
is difficult in the stiff total knee replacement. In 
our experience this procedure does not allow for 
radical excision of scar tissue in those patients 
with established dense arthrofibrotic tissue, and 
therefore this technique has a limited role in our 
institution. We would generally consider open 
surgical management in these patients, which 
allows for a more radical resection.

24.4.5  Open Surgery

Open surgical management for stiff knee replace-
ment can be viewed as a spectrum of procedures 
that include open arthrolysis alone or with con-
comitant polyethylene insert exchange for access 
to the posterior capsule (±) downsizing of the 
component). It is imperative to have assessed for 
the absence of infection or component malalign-
ment before considering this as a surgical option. 
If there is any suggestion of the former, the sur-
geon needs to be prepared for all eventualities, 
and the patient’s expectations need to be man-
aged adequately.

Meticulous planning is required to allow for 
the scenario where revision of components in 
their entirety would be required.

Attention to soft tissues and strategy for the 
surgical approach to the knee is applicable to 
both open arthrolysis and revision knee replace-
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ment. The authors advocate accessing the knee 
through the previous surgical incision. For knees 
with multiple scars, the lateral is recommended 
for use, or an adequate skin bridge must be left 
between the adjacent scars to allow for adequate 
wound healing. Horizontal scars should be 
crossed at right angles. If there is any doubt about 
the skin conditions due to adherent scars, then 
opinion and assistance from plastic surgery col-
leagues should be sought. The surgical approaches 
which are described in the literature to assist in 
gaining access to a stiff knee include the rectus 
snip, tibial tubercle osteotomy, V-Y quadriceps-
plasty (patellar turndown), femoral peel, banana 
peel and medial epicondylar osteotomy [63].

The prerequisite for an open arthrolysis is that 
there is no femoral or tibial component malalign-
ment or inaccurate sizing of the implants and 
ligament deficiency. Open arthrolysis has the dis-
tinct advantage of being able to be carried out in 
very stiff knees, which preclude arthroscopic 
treatment and is more likely to be successful for 
post-knee replacement stiffness which has been 
neglected for a longer duration. The procedure 
involves thorough synovectomy and removal of 
adhesions from the medial gutter, underneath the 
patellar tendon, suprapatellar region, intercondy-
lar groove and then the lateral gutter. Performing 
synovectomy and release of adhesions should be 
considered as a part of surgical exposure and 
must be carried out in a stepwise fashion. The 
patellar tendon eversion should be conducted 
carefully and gradually while the knee is gently 
flexed to avoid tendon avulsion [64]. Removal of 
the polyethylene insert allows for exploration and 
debridement of the posterior recess, which is not 
normally accessible with arthroscopic 
procedure.

Exchange for a thinner polyethylene insert 
and patellar resurfacing or patellar button 
exchange can also be carried out as required. An 
average gain of 36° range of movement which 
was maintained at short to long-term follow-up 
has been demonstrated with open arthrolysis for 
stiff knee replacement in a cohort of 13 patients 
[65]. A systematic review evaluating the results 
of manipulation under anaesthesia, arthroscopic 
arthrolysis, open arthrolysis and revision arthro-

plasty demonstrated that open arthrolysis was the 
most effective intervention in improving the post- 
operative range of movement for stiff knee 
replacement [66].

24.4.6  Revision Knee Arthroplasty

Revision knee arthroplasty for stiff knee replace-
ment is conducted to manage infection, resect 
fibrotic or scarred tissue and address any surgi-
cal/technical issues in the primary surgical proce-
dure, mainly including incorrect implant sizing, 
implant malposition, flexion extension gap 
imbalance and ligament instability. A detailed 
description of revision knee procedures is outside 
the scope of this chapter.

Revision surgery can be a major undertaking 
and has its own risks and complications. A com-
prehensive discussion and counselling process 
should be undertaken with the patients to manage 
expectations, explain the potential significant 
risks to both life and limb and establish surgical 
goals. It is not inconceivable that the risks of con-
verting a stiff but otherwise non-infected knee 
replacement into deep infection may persuade 
acceptance of the current situation, especially in 
elderly low demand patients with other 
co-morbidities.

Meticulous planning and a comprehensive 
revision knee instrumentation and inventory are 
necessary to manage a myriad of surgical find-
ings that can be encountered. Intraoperative sam-
ples should be obtained to rule out infection. 
Donaldson et al. described a series of 48 patients 
who underwent revision knee arthroplasty for 
stiff knee replacement. Most common finding 
was internal malrotation of the components 
requiring revision. The choice of insert was 
equally split between constrained condylar and 
posterior stabilised, used in 24 cases each. The 
decision to downsize the tibial insert was made 
using a technique described as ‘sloppy revision’ 
according to which, if the range of movement 
under the influence of gravity after initially bal-
ancing the knee in usual fashion with a posterior 
stabilised insert was <90°, a 4 mm thinner insert 
was used. For all the cases with mediolateral 
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instability, a constrained condylar insert was suf-
ficient to address this [67]. Successful results 
have been shown in form of improved knee 
scores and range of movements up to 2  years 
postop with hinged TKA for severely stiff knee 
replacements [68, 69].

24.5  Summary

Stiffness after total knee replacement is a chal-
lenging problem to treat. It is important to iden-
tify high-risk patients and manage their 
expectations appropriately. Meticulous attention 
to surgical technique is necessary to allow a well- 
aligned mobile and balanced knee at the end of 
the operation. Arthrofibrosis and complex 
regional pain syndrome are important causes of 
stiffness that are difficult to treat. In the early 
stages, a gently performed manipulation under 
anaesthesia may achieve sufficient improvement 
of movement. In more recalcitrant cases without 
a surgical target, there may be a role for 
arthroscopic or open arthrolysis. Revision knee 
replacement is a major undertaking and needs to 
be reserved for obvious component malalign-
ment or infection where a surgical target can be 
identified.
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Knee Prosthetic Instability

Sumeet Rastogi and S. K. S. Marya

25.1  Introduction

Total knee arthroplasty (TKA) is a successful 
operation that has demonstrated predictable 
results in terms of pain relief and functional 
improvement and has helped many patients with 
incapacitating knee pain from arthritis. Ten-year 
survival rates of the surgical procedure have been 
reported to be ≥90% in multiple studies. With 
overall excellent clinical outcomes, knee arthro-
plasty has become one of the most reliable sur-
geries in orthopedics today [1]. In fact, a recent 
study showed 82.7% survivorship at 30-year fol-
low- up [2].

However, as in any surgical procedure, fail-
ures do occur and literature reports that approxi-
mately one in five (20%) primary TKA patients 
were not satisfied with the outcome [3]. Failures 
after surgery can occur for a number of different 
reasons and they are often multifactorial. The 
most common causes of failure after TKA are 
infection, aseptic loosening, periprosthetic frac-
ture, polyethylene or metal wear, implant break-
age, and instability [4, 5].

Joint stability is a crucial component that 
determines a successful functional outcome after 
TKA.  Knee prosthetic instability (KPI) can be 
defined as the abnormal and excessive movement 

of the prosthetic components that leads to clinical 
failure of the arthroplasty. Instability after TKA 
is increasingly being recognized as a major cause 
of failure of primary TKA and being under the 
direct control of the surgeon performing the pro-
cedure, it can be avoided.

Various studies have shown that instability 
after TKA is the reason for 7.3–28.9% of all revi-
sions [6–8]. Schroer et al. reported in a multicen-
tre retrospective study that instability was overall 
the second most common cause for revision TKA 
surgery, second only to aseptic loosening. 
However, when evaluating cases of early versus 
late revisions, they found that instability was the 
primary reason for revision surgery within 
2  years of primary surgery [8]. Sharkey et  al. 
found that instability was the reason for early 
revision in 21.2% of cases within 2 years of the 
index surgery, and in 22.2% of cases revised after 
2 years [9]. A subsequent paper to this by Sharkey 
again showed that instability remains a common 
cause for revision, and at 7.5% represents the 
third most common cause of early revision [10]. 
These results are also substantiated by registry 
studies, and the Swedish arthroplasty register has 
found instability as one of the top five reasons for 
TKA revision. The Norwegian arthroplasty regis-
ter showed instability and aseptic loosening of 
the tibial component as the most frequent cause 
of revision of TKA. About one-fifth of revision 
knees were re-revised after 10 years with 50% of 
these happening within 2 years. The main causes 
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were infection and instability. Australian 
Orthopaedic Association National Joint 
Replacement Registry mentions loosening as the 
most common reason for revision followed by 
infection. Several other studies have shown simi-
lar findings with instability being amongst the 
most common reason for early revision 
arthroplasty.

With an ever-increasing number of primary 
TKA procedures being performed annually, it 
becomes imperative that the surgeon understands 
the various types of instabilities. Knowledge of 
factors contributing to instability is essential for 
both prevention and for successful treatment as 
revision surgery if needed will have to be tailored 
to the type of instability.

25.2  Risk Factors and Prevention

There is a certain category of patients who are 
more prone to instability. Those who have 
greater preoperative deformities, especially if 
compounded by extra-articular deformity or 
dynamic alteration of gait, require large surgi-
cal corrections and aggressive ligament releases 
and may thus be difficult to stabilize during sur-
gery [11].

Several factors can produce instability after 
total knee replacement (Table  25.1). Some are 
related specifically to a patient like:

• A deformity correction requiring an aggres-
sive ligament release

• Neuromuscular pathology (quadriceps weak-
ness and recurvatum at knee, weak hip abduc-
tors that induce a medial thrust to the knee)

• Hip or foot deformities like posterior tibial 
tendon rupture and pes planus. These deformi-
ties cause valgus motion at the knee.

Obesity is also considered a risk factor because 
it complicates surgical exposure, places the col-
lateral ligaments at risk (8% incidence of avul-
sion of the medial collateral ligament in obese 
patients), and makes it difficult to appreciate 
accurate component placement and limb align-
ment intraoperatively [11].

Early instability is that which occurs relatively 
early (weeks to months) after a primary TKA. The 
etiology of these early symptoms is multifacto-
rial. Early instability is typically caused by fail-
ure of restoration of the mechanical axis of the 
limb, malalignment of the components, improper 
balancing of the flexion–extension space, rupture 
of the medial collateral ligament (MCL), poste-
rior cruciate ligament (PCL) rupture, and patellar 
tendon rupture or patella fracture.

As is with early instability, there are multiple 
causes of late instability following TKA.  The 
most common is usually polyethylene (PE) wear, 
either alone (causing psuedolaxity) or in combi-
nation with ligamentous instability. PE wear is 
usually a reflection of component malalignment 
and it is quite common to see an asymmetric 
wear pattern on retrieved components either on 
the medial or the posteromedial aspect. Medial 
wear of the PE can result in gradual shortening 
and subsequent MCL contracture resulting in 
varus deformity with consequent instability. Late 
attrition of the collateral or posterior cruciate 
ligaments (PCL) can also result in joint laxity 
(Fig. 25.1).

So looking back at the reasons for the instabil-
ity of the knee, one realizes that it can be pre-
vented in most cases with a good surgical 
technique and an adequate selection of implants. 
Preoperative physical examination for evaluation 
of the knee condition and tone of the LCL, MCL, 
and PCL in order to select the ideal implant with 

Table 25.1 Main causes of knee prosthesis instability 
(KPI)

– Component malalignment
– Collateral ligament imbalance (under release, over 
release, iatrogenic damage, or traumatic disruption)
– Component failure/PE wear
– Implant design
– Bone loss from over resection of the distal femur
– Inaccurate femoral or tibial bone resection
– Bone loss from femoral or tibial component 
loosening
– Soft tissue laxity of the medial and lateral collateral 
ligaments as in connective tissue disorders 
(Rheumatoid arthritis, Ehlers–Danlos syndrome, 
Marfan’s syndrome)
– Late incompetence or rupture of PCL
– Patients with significant hip, ankle, and foot 
deformities
– Obesity
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respect to constraint for each patient is 
mandatory.

PS implants should typically be used in those 
patients with PCL insufficiency or absence and in 
those with increased risk of posterior instability 
(in rheumatoid arthritis, with previous patellec-
tomy, or the need to resect the PCL to correct a 
deformity, flexion contracture, or previous tibial 
osteotomy). If a CR implant is being used, it is 
important to take special care in maintaining 
PCL’s integrity when the tibial cut is being made. 
In case of any intraoperative doubt related to the 
integrity of PCL, it is preferable to convert to a 
PS design. Careful attention to dissection and 
balancing of soft tissues and the correct implan-
tation of the components in every plane, includ-
ing the rotation of the femoral component, is 
imperative to achieve a balanced knee. In some 
patients with gross instability like a knee with 
valgus and complete insufficiency of the PCL, 
Charcot arthropathy and poliomyelitis, a primary 
constrained or linked hinge implants may be indi-
cated during primary surgery.

25.3  Diagnosing Instability

25.3.1  Physical Examination

If there is suspicion of instability following TKA, 
it can be diagnosed with the history of the patient, 
examinations for symptoms, and physical tests. 
Medical history taking should particularly focus 
on the indication for the primary TKA, the degree 

of preoperative deformity, previous surgery on 
the ipsilateral knee, the specific surgical tech-
niques and prosthesis used in the primary sur-
gery, complications after primary surgery, 
rehabilitation regimen the patient went through, 
and history of any trauma after primary TKA 
[12]. Comorbid conditions such as diabetes, 
rheumatoid arthritis, Charcot arthropathy, 
Ehlers–Danlos syndrome, and any neuromuscu-
lar disorder should be noted.

Symptoms of instability vary widely and may 
range from a subtle sense of instability, to inabil-
ity to walk, to frank dislocation. Symptomatic 
instability is most commonly experienced by 
patients during knee loading activities. These 
patients classically present with pain, buckling, 
giving way feeling, and then progressive defor-
mity on weight-bearing. Physical examination 
should include observations of gait: stiff-legged 
or guarded gait, hyperextension of the knee to 
lock the joint during stance phase, varus or valgus 
thrust gait, and a rotated foot during walking sug-
gest instability in the axial or coronal planes [13].

Patients with flexion instability may have dif-
ficulty in climbing up and down stairs or getting 
up from a seated position as from a chair or get-
ting out of a car. This feeling of instability when 
the knee is stressed in flexion is what most 
patient’s notice and complain of. They may have 
recurrent joint effusions or complain of diffuse 
peri-articular tenderness or pain at the tendinous 
attachment sites [14]. Tenderness around the pes 
anserinus tendons is commonly elicited in 
patients with flexion instability, as this muscle 

Fig. 25.1 Retrieved PE component showing asymmetric wear pattern on the medial and the posteromedial aspect 
indicating ligamentous laxity
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group attempts to stabilize the knee. Symptomatic 
patients having mid-flexion instability present 
with complaints of difficulty in stair climbing 
and difficulty in getting out of a vehicle.

As a general rule, the infection must always be 
ruled out in the evaluation of every patient with a 
painful TKA since it is the most common cause 
of failing TKA. Basic laboratory tests including 
white blood cell count, erythrocyte sedimenta-
tion rate, and C-reactive protein should be per-
formed to rule out infection [15]. Joint fluid 
aspiration and examination should be considered. 
Recently, Aggarwal et al. introduced a new leu-
kocyte esterase test that allows for easy detection 
of infection using a joint fluid with high sensitiv-
ity and specificity [16].

The examination should focus on intra- 
articular as well as extra-articular causes of insta-
bility. Examination of the knee should be in full 
extension as well as at 30°, 60°, and 90° of flex-
ion. On physical examination, varus–valgus lax-
ity is assessed with the knee in full extension and 
30° of flexion. To asses for flexion instability, 
anterior thrusting of the knee from 90° flexion 
with the patient in a seated position keeping the 
foot flat on the ground (similar to anterior drawer 
test for ACL tear) elicits excessive motion or 
symptoms consistent with the patient’s com-
plaints [17]. Unfortunately, there is no consensus 
in literature as to what constitutes pathologic but 
AP translation of more than 5 mm is considered 
abnormal. Mid-flexion instability can be diag-
nosed by stability in full extension and 90° flex-
ion and instability in 30° to 60° flexion [18]. 
Subtle mid-flexion instability is often detected 
with the patient sitting on a couch and their legs 
hanging off the table edge. The examiner stabi-
lizes the distal femur with one hand while with 
the other hand he applies varus and valgus stress 
to check for instability.

A posterior tibial sag with the knee flexed to 
90° is indicative of flexion instability, the so- 
called posterior sag sign [17]. The strength of the 
leg, patellar tracking, and competency of the 
extensor mechanism are also assessed, as the lat-
ter if compromised, can cause global instability 
after total knee arthroplasty [19]. Vince has also 
described an examination maneuver to diagnose 

flexion instability in which the patient is seated at 
the end of the examination table with the knee 
bent over the edge with the quadriceps relaxed 
[17]. If flexion instability is present, the larger 
flexion space will cause the tibia to descend and 
bring the polyethylene out of contact with the 
posterior condyles. When the patient is asked to 
actively extend the knee, the surgeon will note 
the tibia pull up to articulate with the femur upon 
initiation of quadriceps contraction, and only 
after the components reestablish this contact, will 
the knee extend.

Finally, the timing of the development of 
instability symptoms in relation to the primary 
TKA, as well as any history of postoperative 
trauma to the knee may also help determine the 
cause of instability [20]. Patients who complain 
of instability in the immediate postoperative 
period of surgery have either an asymmetric liga-
ment balance, component malalignment, or may 
have had an iatrogenic ligamentous injury with 
subsequent rupture. A stable primary TKA, pre-
senting with complaints of late instability may 
have pseudo laxity because of asymmetric poly-
ethylene wear or true laxity secondary to attrition 
of the collateral or posterior cruciate ligaments 
(PCL). Sudden onset instability usually points to 
traumatic rupture of the collateral ligaments, the 
PCL, patellar tendon, or patella fracture.

25.3.2  Radiological Examination

Radiographic examination to diagnose instabil-
ity after TKA begins with full-length leg align-
ment films, as well as weight-bearing 
anteroposterior (AP) and lateral views of the 
knee and skyline radiographs. Weight-bearing 
radiographs demonstrate a dynamic view and are 
helpful in the identification of asymmetric wear 
or failure of polyethylene liner as well as lower 
limb malalignment, component malposition, and 
loosening [13]. Radiolucent lines >2 mm in mul-
tiple zones are suggestive of loosening. It is 
important that the radiographs are obtained with 
the X-ray beam directed properly. As little as 6 
degrees of angulation of the X-ray beam may 
lead to difficulty in the interpretation of radiolu-
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cent lines [20]. Skyline views facilitate observa-
tion of the location of the patella in the femoral 
groove, patellar subluxation, and status of the 
patellar component. Varus–valgus stress views 
allow assessment of the degree of dynamic liga-
ment laxity and provide a more reliable indica-
tion of the presence and degree of instability: 
significant lift-off under application of stress 
indicates medial or lateral instability. However, 
in the absence of any specific finding for radio-
graphic diagnosis of instability, a failure of pri-
mary TKA can be diagnosed on findings from 
serial X-rays of the knees over a duration of time 
(Figs. 25.2 and 25.3).

In addition to standard radiographs, numerous 
additional views may be beneficial in selected 
types of instability. Varus-valgus stress radio-
graphs in 30 degrees of flexion may detect subtle 
coronal plane instability. A lateral radiograph 
with the limb in maximal flexion can help make a 

diagnosis of instability in the sagittal plane [20]. 
Comparison of lateral radiographs of the contra-
lateral native knee after magnification correction 
can help in detecting an undersized femoral com-
ponent (results in instability), or oversized femo-
ral components (result in postoperative stiffness). 
PCL laxity may be detected by obtaining weight- 
bearing lateral views in both full extension and 
maximum flexion. Femoral–tibial contact area in 
deep flexion that is positioned substantially more 
anterior than in full extension is consistent with 
PCL laxity.

Occasionally, additional imaging modalities 
other than plain radiographs may be necessary to 
make a diagnosis. Computed tomography is more 
effective in visualizing component loosening that 
is associated with late-onset instability. It is also 
useful for identifying malrotation of the femoral 
component (relative to the trans-epicondylar 
axis) that can result in an asymmetric flexion 
space or, in particular, patellar instability. Bone 
scans, while nonspecific, can be helpful in the 
diagnosis by ruling out other conflicting condi-
tions such as prosthetic loosening, infection, or 
stress fracture.

25.4  Classification of Types 
of Instability

Instability following TKA can be divided into 
different types and according to classification 
type, different treatment regimens have been 
prescribed.

Vince et al. [11] suggested there are:

 1. Varus/valgus
 2. Recurvatum
 3. AP (in flexion) and
 4. Global types of instability based on the direc-

tion of the deforming force

Parratte and Pagnano [12] proposed three dif-
ferent types of instability:

 1. Flexion instability
 2. Extension instability, and
 3. Genu recurvatum

Fig. 25.2 Arthritic knee with severe varus deformity due 
to progressive bone loss and ligament attenuation. This 
preop instability needs meticulous ligament balancing and 
augments to build up bony defects
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However, for the ease of understanding and 
formulating treatment, it is helpful to think of 
instability in terms of whether it occurs in exten-
sion, flexion or both. In extension instability, the 
soft tissue sleeve surrounding the knee is inade-
quately supporting the knee in loading activities, 
and thus a thrust may be present medially or lat-
erally upon ambulation. Flexion instability occurs 
when the knee is bent and loading and it results in 
the lack of support as in activities such as stair 
ascent or descent and getting up from a sitting 
position or out of a car. Global instability is when 
the knee is unstable in both flexion and extension 
and can sometimes even dislocate.

25.4.1  Flexion Instability

Flexion instability is now well recognized as a 
very common cause of chronic knee pain and 
compromised function in patients who seem to 

have otherwise well-fixed and well-aligned knee 
components [12, 17]. It is caused by a mismatch 
between the flexion and extension spaces, 
wherein the extension gap is tighter than the flex-
ion gap. Although initially described only in cru-
ciate retaining (CR) TKAs, it was subsequently 
recognized and reported as a cause of failure in 
posterior stabilized (PS) knees as well [21]. One 
of the earliest descriptions of this entity was that 
of Pagnano et  al. who reported on 25 patients 
with CR knees who were revised for knee pain 
due to symptomatic flexion instability at a mean 
of 3.1 years. They placed emphasis on balancing 
the flexion and extension gaps and conversion to 
a posterior-stabilized knee [17].

This instability can occur due to a variety of 
causes including undersizing the femoral compo-
nent, excessive posterior tibial slope, overly 
aggressive posterior femoral condylar cuts with 
reduced posterior condylar offset, too little distal 
femoral resection in a preexisting flexion con-

Fig. 25.3 Preoperative AP and lateral views of a rheumatoid knee
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tracture, posteromedial polyethylene wear, and 
rupture of the posterior cruciate ligament (PCL) 
in cruciate-retaining designs [17]. The surgical 
treatment for such instability will therefore have 
to be tailored to the specific factor leading to it.

Diagnosis: Historically, many authors have 
reported that excessive anterior-posterior transla-
tory perception in 90° of knee flexion is diagnos-
tic of flexion instability, no consensus exists as to 
what amount of motion is considered pathologic. 
Abdel et  al. described tibial translation as mild 
for motion up to 5  mm, moderate if between 
5  mm and 10  mm, and marked if more than 
10 mm of anterior-posterior motion is present to 
diagnose flexion instability [22]. Tibial transla-
tion is measured in a manner similar to an ante-
rior drawer test for anterior cruciate ligament 
(ACL) rupture, where an abrupt forward force 
when the leg is fully relaxed provides the qualita-
tive sense or feeling of instability. Pagnano et al. 
described a posterior sag sign in which the tibia 
translates posteriorly when the knee is flexed to 
90° and the heel is supported on the table to relax 
the quadriceps [17]. Again, no cutoffs for what 
constitutes pathologic have been suggested for 
this test. However, for a clinician, it may be dif-
ficult to fully assess flexion instability when 
patients present with chronic pain and muscle 
guarding.

Additional examination findings may include 
recurrent aseptic effusions. Hernandez et  al. in 
their study deducted that many of these recurrent 
effusions are haemarthroses. They noted that 
more than 60% of patients with a diagnosis of 
flexion instability had a serosanguinous aspirate. 
This was 6.5 times higher than those who under-
went a revision for other aseptic indications [23]. 
Surgeons should also keep in mind the possibility 
of co-existent multiligament instability because 
as the literature has shown, flexion instability 
does not always present in isolation.

Being a common cause of chronic disability 
after TKA, it is important to understand which 
patients are most likely to develop these symp-
toms and might require revision surgery for alle-
viation of disability. Abdel et  al. published a 
report in 2014 that attempted to identify techni-
cal factors that lead to flexion instability. This 

study evaluated 60 knees that underwent a revi-
sion for flexion instability in the presence of 
well-fixed components. They noted that there 
were several strong and consistent radiographic 
correlations in these patients: a mean reduction 
of 4  mm of posterior condylar offset (i.e., an 
undersized femoral component was implanted), 
distalization of the joint line by a mean of 6 mm 
(inadequate distal femoral resection leading to 
excessive tightness in extension), and an 
increased tibial slope by a mean of up to 5° was 
found in those patients with flexion instability 
who underwent revision. They also noted the fol-
lowing additional features often manifested on 
radiographs: internal rotation of either the femo-
ral or tibial components or both and varus 
malalignment of the tibial component. The 
authors also reported that instability in flexion 
was not a condition that was unique to cruciate- 
retaining TKRs. Nearly one-third of their 
patients who demonstrated this instability had 
been operated on with a primary PS design [22].

In both PS and CR knees, surgical errors can 
lead to flexion instability. One of the primary 
goals while performing a TKA is the creation of 
symmetric and balanced flexion and extension 
gaps. To be able to obtain this, a surgeon is reliant 
on the bone cuts in addition to appropriate soft-
tissue releases. A TKA is considered a resurfac-
ing procedure, so the thickness of distal and 
posterior femoral bone resections should be equal 
to the thickness of the implant that will be replac-
ing this resected bone [21]. Therefore, if the spe-
cific size of femoral component chosen for 
implantation is undersized in the anterior- 
posterior dimension, then this can lead to exces-
sive posterior femoral bone being resected. This 
over resection of bone can then lead to a situation 
where the flexion space is larger than the exten-
sion space and this can subsequently lead to the 
development of flexion instability. This same lax-
ity in flexion can also occur when the femur rolls 
back during flexion in presence of an excessive 
posterior tibial slope [21, 22].

Malrotation of the femoral component is 
another cause of flexion instability. Excessive 
internal rotation of the femoral component results 
in excessive resection of the posterolateral femo-
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ral condyle and excessive external rotation can 
cause extensive resection of the posteromedial 
femoral condyle, eventually leading to the cre-
ation of a trapezoidal flexion gap. Thus, care 
should be taken regarding the rotational align-
ment of the femoral component in TKA.

After the bone cuts have been completed, the 
medio-lateral ligament balance in both flexion and 
extension should be assessed. If a gap mismatch is 
found, then the appropriate soft-tissue releases 
should be performed. Occasionally, even after 
doing this, there still exists an unacceptable mis-
match of the flexion/extension gaps. In those 
instances where after gap balancing, the extension 
space is smaller than the flexion space, there is a 
tendency for the surgeon to insert a smaller poly-
ethylene that will allow for the knee to come into 
full extension. However, despite achieving full 
extension, this will leave the knee compatatively 
loose in flexion. It should be kept in mind, how-
ever, that filling the flexion space with a thicker 
polyethylene would cause a flexion contracture 
due to the inability to extend the knee fully. In this 
particular situation, removing the posterior osteo-
phytes and posterior capsular release should be 
performed to help increase the extension space 
before excising any additional bone. If these soft 
tissue procedures still do not allow for full exten-
sion of the knee, then an additional 2 mm of distal 
femur may be resected in an attempt to balance the 
extension and flexion gaps [7]. Finally, massive 
flexion gaps that cannot be corrected by these 
above-mentioned methods may require the use of 
a rotating-hinge linked device, but this most often 
occurs in complex revision or reimplantation set-
tings where soft tissues are already markedly 
abnormal or totally deficient. Another point of 
importance to note is that in the presence of a mas-
sive flexion gap, nonlinked hinge devices can fail 
as they too have the potential for cam- post disso-
ciation like PS implants.

Cruciate retaining knees that present with 
flexion instability in the early postoperative 
period are usually from failure to balance the 
flexion-extension gap at the time of index arthro-
plasty. However, CR knees can also present with 
flexion instability after a delayed time period of 
relative good knee function. Late rupture or grad-
ual attrition of the PCL is usually the cause in 

these situations. One such specific scenario of 
injury to the PCL can be a result of the extension 
space being too tight after primary TKA resulting 
in a flexion deformity. This PCL injury occurs 
when patients exercise vigorously after surgery 
to improve their knee extension, resulting in 
acute PCL rupture [7]. These subsets of patients 
usually will recall a specific event where they 
describe a pop in their knee while they were per-
forming their exercises. This may then be fol-
lowed by the progressive onset of instability.

Acute Instability In Flexion: The most com-
mon situation in which this can occur is a poste-
rior stabilized knee where there is significant 
lateral laxity for the knee to jump the post and 
dislocate. This can happen when a patient crosses 
their leg in the postoperative period. Lombardi 
et  al. has shown that this can be successfully 
treated with closed reduction, hinged-knee brac-
ing, and local therapy [24].

Treatment: Non-operative treatments such as 
hamstring and quadriceps strengthening and 
brace support along with other modalities to 
treat the specific areas of tenderness and swell-
ing caused by flexion instability may be helpful 
for those patients that have milder symptoms. 
However, this type of treatment may not be 
effective for those with severe laxity and 
chronic debilitating symptoms. Minimal surgi-
cal intervention has sometimes been attempted 
by simply exchanging the PE for a thicker com-
ponent. A thicker PE will now add to both flex-
ion and extension gaps. But this has often 
resulted in poor and unpredictable results 
because it does not address the underlying mis-
match of the flexion and extension gaps and 
risks creating a flexion contracture in place of 
flexion instability. The overall outcomes of iso-
lated polyethylene exchange in revision knee 
arthroplasty are not good, with reports of up to 
50% failure rate within 3 years [25]. Nowadays, 
isolated polyethylene exchange is not routinely 
recommended [21]. It should only be used in 
specific situations such as where there is pos-
teromedial polyethylene wear producing 
pseudo instability.

Planning for a revision knee arthroplasty 
must include knowledge of not only how to 
“stabilize” the unstable knee but also how to 
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eliminate the source of instability: malalign-
ment and gap imbalance. The treatment of 
choice for patients with symptomatic flexion 
instability is a revision TKA, with femoral com-
ponent revision being the mainstay of revision 
surgery. Only by revision of the femoral compo-
nent can the knee be balanced in both extension 
and flexion, and femoral revision also allows an 
increased constraint to a PS design as the PCL is 
usually found lax or absent. Tibial revision 
needs to be addressed on an individual case 
basis depending on the stability of fixation, pos-
terior tibial slope and tibial rotation.

Flexion instability can also occur in patients 
with PCL-retaining implants who have an attenu-
ated or injured PCL. In these patients, the resul-
tant flexion gap of a larger size causes flexion 
instability and even dislocation in severe cases. 
This can be treated with the use of a posterior 
stabilized implant in revision TKA. Newer poste-
rior stabilized implants are now designed to have 
a longer jump distance, that is the distance for the 
cam to jump over the post, making dislocation a 
very rare event. However, if varus–valgus insta-
bility is also present, even these implants are not 
capable of providing sufficient stability to pre-
vent subsequent dislocation.

However, flexion instability is often accompa-
nied by medial-lateral instability. In such situa-
tions when coronal laxity is encountered, it is 
often necessary to use non-linked hinge/linked 
hinged implants to provide additional stability 
[26]. These prostheses should thus be considered 
in cases in which significant femoral bone loss 
compromises integrity and functionality of the 
collaterals or when the flexion space is so large 
that equalization to the extension space is not 
possible.

Abdel et al. who in 2014 published a report on 
60 patients regarding radiographic associations 
with flexion instability also presented a stepwise 
approach to the surgical correction of this prob-
lem. According to them, the first step is to correct 
the excessive posterior tibial slope as it affects 
both the gaps and then restore the axial and rota-
tional alignment of the individual components. 
The next step would then be to upsize the femoral 
component to recreate the patient’s natural poste-
rior condylar offset and diminish the flexion gap. 

After executing these steps, if there is still a large 
flexion gap remaining relative to the extension 
gap, then a larger distal femoral resection will be 
needed. Subsequent to this however a thicker 
polyethylene insert would be required to make up 
for the loss of bone from the distal femur. Abdel 
et al. published a study and reported needing to 
raise the joint line by more than 5 mm in 56% of 
the cases but that the vast majority of patients 
required both increased distal femoral resection 
and posterior femoral offset (52/60 revisions) 
[22]. The surgeon should recheck the gaps at 
each step up the surgical correction and stop 
when gap symmetry and equalization are 
achieved. Abdel et  al. reported that following 
these principles of correction lead to significantly 
increased knee society scores and improved func-
tion scores.

Vince proposed a similar sequence for rees-
tablishing equal flexion and extension spaces: 
First create a stable tibial platform, as this affects 
both extension and flexion gaps; next is flexion 
gap balancing with a larger and appropriately 
rotated femoral implant; and thirdly extension 
gap matching to flexion gap by adjusting the 
proximal-distal placement of the femoral pros-
thesis [11].

Schwab et  al. reported on 10 CR knees that 
underwent revision TKA for symptomatic flexion 
instability. They reported that 8 of these 10 patients 
were successfully treated with revision of the fem-
oral and tibial components with special care being 
taken on creating equal gaps (flexion and exten-
sion) by filling up the larger flexion space with 
posterior augments and a larger femoral compo-
nent [14]. Pagnano et  al. also presented good 
results with revision surgery for flexion instability 
in PS knees of 25 patients. Twenty-two of these 
TKAs were revised to a PS design knee while 
three knees underwent an isolated polyethylene 
(PE) exchange only. They reported that 19 of the 
22 patients who underwent a revision TKA showed 
significant improvement in their symptoms as well 
as their clinical scores. In contrast, only one of the 
three who underwent PE exchange showed 
improvement [17]. Therefore, based on the experi-
ence of these authors and other  published studies, 
the treatment of choice for symptomatic flexion 
instability after TKA is a revision TKA to allow 
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rebalancing of the flexion and extension gaps and 
conversion to a posterior stabilized knee design if 
revising a CR knee. If combined instability is 

encountered intraoperatively, then a unlinked con-
strained/linked hinged implant may be required 
(Figs. 25.4, 25.5, 25.6, and 25.7).

Fig. 25.4 Preoperative 
radiographs of an 
unstable CR knee. Stress 
radiographs showing 
significant medial joint 
opening indicative of 
instability

Fig. 25.5 Intraoperative images of the knee being revised. Shows significant bone loss from medial femoral condyle. 
Collateral ligament attachment is intact
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25.4.2  Mid-flexion Instability (MFI)

Mid-flexion instability (MFI) is a relatively 
newer concept in knee instabilities following 
TKA. To add to the confusion, there is no stan-
dard definition of the concept of mid- flexion 
instability. However, for the ease of understand-
ing, varus and valgus instability present between 
30° and 60° of flexion is considered diagnostic of 
MFI. Patients who are symptomatic usually pres-
ent with complaints of difficulty in stair climbing 
and difficulty in getting out of a vehicle. 
According to McPherson et al., mid- flexion insta-
bility involves rotation when the knee is flexed 
between 45° and 90° [27].

The concept of MFI was first introduced by 
Martin and Whiteside who found a considerable 

increase in laxity in the mid-flexion range of 30°–
60° of the knee. This they demonstrated by shifting 
the femoral component of a TKA prosthesis 5 mm 
proximal and 5 mm anterior [28]. More recently, 
Cross et al. found that raising the joint line during 
TKA to maximally increase the extension gap 
caused substantial mid-flexion instability [29]. In 
another study using computer navigation, it was 
observed by Yoon et al. that 36% of their patients 
demonstrated mid-flexion laxity during intraopera-
tive TKA stability testing [30] (Fig. 25.8).

There can sometimes be confusion regarding 
the terms flexion instability (FI) and mid-flexion 
instability (MFI). Flexion instability is a common 
and well-understood situation where at 90° of 
flexion, the femoral component freely rotates 
over the tibia. MFI is a condition where the knee 
demonstrates stability in full extension and at 90° 
of flexion, but is unstable in some range of flex-
ion mid-way between the two. Hence examina-
tion of the knee for varus–valgus instability at 
30°–60° of flexion should form part of routine 
intra- and postoperative assessment.

Mid-flexion instability is often observed in 
people who never feel fully confident with their 
knee. They report that it gives way while rising 
from chair, going down stairs, or with walking. 

Fig. 25.6 The Femoral construct with Distal Femoral 
Augment and IM Stem used for revision surgery. This is 
necessary to avoid elevating the joint line

Fig. 25.7 Intraoperative picture after Implantation. 
Conversion of the femoral component to a posterior stabi-
lized femoral component was performed in revision 
surgery

Fig. 25.8 Intraoperative stress testing of the knee with 
instability showing excessive medial opening
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They often experience recurrent knee effusions, 
complain of anterior knee pain, and wear some 
type of protective knee brace to enhance 
stability.

25.4.2.1  Causes of Mid-flexion 
Instability

A review of literature has shown that there are 
factors to be associated with MFI [31, 32]. They 
are:

 (a) Elevated Joint line
 (b) Multiradii femoral component and
 (c) Medial collateral ligament (MCL) laxity

To note—Evidence for elevated joint line and 
MCL laxity has predominantly been obtained 
from cadaveric studies, while evidence for multi-
radii knee was obtained from clinical studies.

25.4.2.2  Elevated Joint Line
The cadaveric study by Martin and Whiteside 
throws a lot of light on MFI. They showed that by 
shifting the femoral component 5 mm anteriorly 
and proximally, they could demonstrate 
MFI. Thus, joint line position was suggested to 
have a profound effect on mid-flexion stability. In 
effect, the elevation of the joint line alters the 
flexion-extension axis of the knee which can sub-
sequently lead to laxity of the posterior joint cap-
sule, PCL, and collateral ligaments at mid-flexion 
range of 30°–60° and thereby contribute to mid- 
flexion instability. This can take place despite 
well-balanced flexion and extension gaps [28].

Elevating the joint line changes the distance 
between the collateral ligament attachment sites 
and the axis of flexion. As the flexion axis of the 
knee is elevated, the distance between it and the 
collateral ligament attachment sites comes closer. 
This distance is shortest in mid-flexion and 
thereby contributes to MFI. A large distal femo-
ral cut to compensate for preoperative flexion 
contracture of the knee is a common reason for 
joint line elevation in primary TKA and subse-
quent development of MFI. Hence, flexion con-
tractures need to be addressed meticulously with 
soft tissue procedures such as capsular release 

and excision of the posterior osteophytes to pre-
vent excessive bone removal and subsequent ele-
vation of the joint line. If need be, distal femoral 
augments should be considered to prevent eleva-
tion of the joint line in cases of excessive bone 
resection.

Currently, most of the data with regards to an 
elevated joint line are derived from cadaveric 
studies. In clinical practice, during a primary 
TKA, the average elevation of the joint line is 
from 1 mm to 4.3 mm, an elevation of more than 
8  mm is associated with poor results [33]. 
Babazadeh et al. in their randomized controlled 
trial comparing conventional TKA with 
computer- assisted TKA suggested that joint line 
depression of >2 mm was associated with poor 
International Knee Society clinical scores at 
2 years [34]. However, the quality of life was not 
affected. It was also shown by Snider and 
Macdonald that there was an association between 
joint line elevation of more than 8 mm and lower 
postoperative KSS scores [35]. Figgie et al. found 
better Mayo Clinic knee scores if the joint line 
was restored to within 8 mm of the preoperative 
position [36]. Lastly, cruciate retaining and PS 
TKA proved to have similar effects on the joint 
line [35].

25.4.2.3  Multiradius Design
A kinematic study by Wang et al. comparing sin-
gle radius and multiple radii TKA designs showed 
significant mediolateral instability in the multira-
dii designs in mid-flexion range. This coincided 
with the flexion angle during the transition 
between the different radii i.e. between 30 and 45 
degree of flexion. A similar effect was again 
noticed by them in patients with bilateral TKRs, 
when single radius TKR in one leg and multiradii 
TKR in the other leg were studied. Collateral 
isometry suggestive of better mid-flexion stabil-
ity was also better maintained in the single radius 
group. They thus suggested the possibility of 
instability in mid-flexion in multiradii designs 
TKA [37]. An evaluation of in-vivo fluoroscopic 
studies showed increased varus–valgus laxity in 
the mid flexion range in multiradial TKA con-
trasting with the uniform movement in single 
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radius design [9]. However several other studies 
comparing single-radii and multiradii TKR 
designs have not identified any issues regarding 
mid-flexion instability [32]. Moreover, long-term 
studies on multiradii knee designs with both 
cruciate- retaining implants and cruciate sacrific-
ing implants have not suggested or identified any 
concerns regarding mid-flexion instability. 
However, nonidentification could have been due 
to limited understanding of this phenomenon.

25.4.2.4  Medial Collateral Ligament 
(Mcl) Laxity

An effort to achieve a neutral limb alignment 
may lead to extensive soft tissue release, inadver-
tently leading to iatrogenic MCL injury. On the 
other hand, Valgus knees have a tendency for 
mid-flexion instability post-TKA, due to preex-
isting MCL laxity. Victor and Bellemans in their 
kinematic study on cadaveric knees suggested 
that though the superficial MCL behaved in a 
near-isometric fashion, it was still lax at the mid- 
flexion range of 30°–50° [38]. This effect was not 
noticed with the LCL. Therefore any laxity in the 
MCL will aggravate the potential of developing 
MFI in these positions. This is especially seen if 
medial release includes the superficial MCL, 
especially the anterior part while attempting cor-
rection of severe deformities. Hence, the laxity of 
the MCL is considered an important factor lead-
ing to MFI.  In clinical practice, testing isolated 
MCL function is done with the knee in 30° of 
flexion. Similarly during TKR, an intraoperative 
assessment should consist of valgus and varus 
stress testing at mid-flexion range of 30°–60°.

Treatment options for MCL laxity will need to 
take into consideration flexion and extension gap 
assessment, location, and extent of tear, degree of 
laxity encountered and the prosthesis being used.

Treatment options include:

 1. Nonoperative but with risk of residual laxity
 2. Primary repair
 3. Augmentation with autografts
 4. Reconstruction using hamstring tendons or 

patellar tendon
 5. Conversion to a semi-constrained prosthesis

Leopold showed good results in cases of MCL 
rupture with primary repair or reattachment of 
MCL along with a non-constrained prosthesis at 
2  years, without any recurrence of instability 
[32]. Healy et al. reported no recurrent instability 
at 4–9 year follow-up after MCL reconstruction 
[39]. PCL sacrifice has been suggested to increase 
instability and thereby might need a more con-
strained implant in such situations.

However, a recently published review of liter-
ature over the last 10 years by Vajapey et al. sug-
gested that the effects of joint line elevation and 
radius-of-curvature of the femoral component on 
mid-flexion instability are inconclusive, while 
articular surface conformity and preoperative 
joint laxity might play a more important role than 
previously thought. Their study concluded that 
mid-flexion instability after TKA is a clinically 
distinct entity and there are patient-related, 
implant-related, and technique-related factors 
associated with it. The majority of the evidence 
on this topic is derived from computational and 
cadaveric studies, emphasizing the need for fur-
ther clinical studies [40].

25.4.3  Extension Instability

Extension instability is the most common form of 
instability in TKA resulting in pain and swelling 
and patients complaining of lack of confidence in 
their knee after surgery.

Extension instability can be broadly divided 
into:

• Symmetric extension instability and
• Asymmetric extension instability

An excessive bone resection from tibia or dis-
tal femur may result in symmetric extension 
instability. Asymmetric extension instability is 
encountered more often in clinical practice. It is 
mainly related to the imbalance between the 
medial and lateral gaps and may become worse 
over time if concomitant with limb malalign-
ment. It can also occur due to traumatic collateral 
ligament injury following a successful TKA.
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25.4.3.1  Acute Instability 
in Extension

This can be encountered when the MCL is incom-
petent, ruptures, or is inadvertently cut at the time 
of surgery. If it ruptures or is cut, the two ends 
should be primarily repaired with nonabsorbable 
sutures, and the knee stabilized with an internal 
constraining insert [CCK insert] or external brac-
ing. In Lee’s report, a constrained insert was 
superior to bracing [41]. The constraining insert 
acts as an internal splint and provides stability 
until the ligament scars and heals. Once this 
occurs, stability is often achieved. Other authors 
have reported on good results with primary repair 
and postoperative bracing, avoiding the use of a 
constrained insert [42].

25.4.3.2  Symmetric Extension 
Instability

Symmetric extension instability results when the 
thickness of the poly insert is undersized. 
Excessive resection of bone from the proximal 
tibia and/or distal femur can morph into this situ-
ation. Excessive proximal tibial bone resection, 
affects extension and flexion spaces equally, the 
replaced knee is loose in both extension and flex-
ion creating global instability. Revising the tibial 
component with a thicker PE insert during revi-
sion surgery may treat this instability provided 
the components orientation and slope is satisfac-
tory. The long-term concern regarding poor tibial 
fixation when excess tibial bone has been 
removed still exists, however, it may be advised 
not to revise the tibial component if intraopera-
tive assessment shows well-fixed and aligned 
component.

Over-resection of the distal femur can also 
lead to extension instability, and this poses a 
more challenging condition to rectify. The knee 
is loose in extension but stable in 90° of flexion. 
Thus the surgeon should take care to avoid joint 
line elevation by minimizing distal femoral bone 
resection. Remembering that the posterior cap-
sule and ligaments play a major role in the exten-
sion gap, proper soft tissue balancing, and a 
posterior capsular release should precede any 

additional bone resection. Excising posterior 
osteophytes is important as it opens up the exten-
sion space. Treating this problem with a thicker 
PE insert can result in excessive tightening of the 
flexion space and elevation of joint line causing 
altered patellar kinematics, instability in mid 
flexion, and anterior knee pain. This does not 
solve the problem. So a definitive solution in this 
situation is revising the femoral component and 
using distal femoral augments to bring down the 
joint line (distalizing the femoral component) 
and causing tightening of the extension space.

25.4.3.3  Asymmetrical Extension 
Instability

Asymmetric extension instability is encountered 
more often in clinical practice. It is mainly asso-
ciated with medio-lateral gap imbalance and may 
become augmented if associated with limb 
malalignment. It can also occur due to traumatic 
collateral ligament injury or rupture following a 
successfully balanced TKA. The most common 
cause of asymmetric extension instability in clin-
ical practice is an insufficient correction of defor-
mity. Therefore, an ideal limb alignment and 
mediolateral gap balancing should be achieved in 
primary TKA using a proper soft tissue and liga-
ment release and is crucial in preventing future 
instability. Often, instability in a varus TKA is 
associated with a tight superficial medial collat-
eral ligament causing attenuation of the lateral 
ligaments. Similarly, instability in the valgus 
TKA is associated with tight lateral ligaments 
and capsules. Asymmetric instability is com-
monly found in the valgus knee where intraoper-
ative under-correction of the deformity is more 
common. Under-correction leaves the lateral col-
lateral ligament (LCL) and the lateral joint cap-
sule tight and eventually the valgus deformity 
recurs, resulting in the knee being unstable in 
extension with medial laxity and instability.

The use of a constrained non linked hinged 
implant should be considered as an option in pri-
mary TKA, especially if gap imbalance appears 
to persist after correction due to severe deformity 
that limits the effectiveness of a soft tissue release 
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or an iatrogenic injury to the collateral ligament 
occurs during surgery where this implant is used 
to protect a repaired ligament [43, 44]. These 
unlinked constrained implants are selected as 
they provide resistance to varus/valgus as well as 
anterior/posterior translation forces.

25.4.4  Global Instability

Global instability is defined as instability in all 
planes of knee movement and it is a combination 
of loose flexion and extension gaps. There are 
several causes of global instability including PE 
wear that results in laxity of the surrounding soft 
tissue envelope over a period of time, implant 
loosening and migration, motor dysfunction, and 
extensor mechanism disruption.

Two possible scenarios are observed, one is 
immediate postoperative instability and the other is 
late-onset instability. Global instability can be 
encountered intraoperatively during a primary TKA 
if the tibial polyethylene insert is so significantly 
undersized that it does not fill the knee spaces ade-
quately in any dimension. These patients would 
complain of symptoms of instability immediately 
after the surgery. On the contrary, patients with 
inflammatory arthritis and connective tissue disor-
ders, who have had an adequate polyethylene com-
ponent placed at the time of the surgery, may 
develop soft tissue laxity or incompetence over a 

period of time. Thus instability in these patients 
would occur late due to the slow stretching of glob-
ally incompetent tissues around the knee. These 
patients would initially have good knee function 
after surgery, but slowly as time passes, they devel-
oped symptoms of instability and gait anomalies as 
the soft tissues stretch out over time. At the time of 
examination, these patients will have multi-direc-
tional ligamentous instability and may exhibit 
recurvatum gait. They are frequently found using a 
brace for external support.

Revisions to constrained or linked hinged 
implants are recommended as a treatment option 
for global instability [1, 26]. For those patients 
symptomatic enough to require revision surgery, 
one option is polyethylene component exchange. 
Change of the PE for a thicker component to ade-
quately fill the space will occasionally be ade-
quate provided the knee components are stable 
and well aligned and soft tissue is healthy, but if 
soft tissue is deficient, then increased constraint 
is also needed to protect them from further atten-
uation and stretching over time. Thus isolated PE 
exchange should be considered with caution in 
such patients. The ideal treatment for global 
instability generally requires revisions to con-
strained but unlinked or linked implants [1, 26]. 
In special situations like cases associated with 
severe metaphyseal bone loss, Endoprosthetic 
replacement may be required to achieve stability 
and restore function (Fig. 25.9).

Fig. 25.9 AP and lateral views of knee joint showing severe metaphyseal bone loss and global instability

25 Knee Prosthetic Instability



340

25.4.5  Genu Recurvatum

Genu recurvatum, also known as hyperextension 
instability, is a very complex problem to correct 
before and following TKA.  The best manage-
ment of this problem, as with all other forms of 
instability, is its prevention in the first place. 
Patients who are at the maximum risk for devel-
oping genu recurvatum after knee arthroplasty 
are those that present with this deformity preop-
eratively. Several reports have shown that major 
hyperextension deformities of minimum 5° were 
identified in only 0.5–to 1% of patients present-
ing for TKA [45]. Hence, recurvatum is not a 
very common deformity.

This kind of instability usually presents in 
patients with neuromuscular disorders like polio-
myelitis, myasthenia gravis, and Charcot arthrop-
athy. Patients with inflammatory arthropathy like 
rheumatoid arthritis can also develop recurvatum 
instability postoperatively due to slow but pro-
gressive stretching of diseased soft tissues. In 
patients with poliomyelitis, recurvatum presents 
as a result of quadriceps weakness and fixed 
equinus at the ankle that is compensated for by 
walking with the knee locked in hyperextension. 
The affected limb commonly acquires a valgus 
deformity, medial collateral ligament laxity due 
to progressive stretching, lateral structure 
tightness(lateral ligament and capsule), and a 
recurvatum deformity (Figs. 25.10 and 25.11).

In a study reviewing the results of TKA in 16 
knees affected with poliomyelitis, Giori and 
Lewallen reported that recurrence of instability 
and progressive functional deterioration was pos-
sible in all knees affected with such a neuromus-
cular condition following a TKA, but they appear 
to occur more commonly in more severely 
affected knees. The authors also reported a cor-
relation between diminished quadriceps strength 
and the recurrence of hyperextension along with 
less pain relief in these patients [25].

Knee recurvatum deformity can also be found 
in patients with several other underlying condi-
tions. Previous high tibial osteotomy (HTO) may 
present with knee recurvatum due to the gradual 
impaction of the anterior tibial cortical bone, 
which subsequently results in the gradual devel-

opment of an anterior tibial slope of the proximal 
tibial plateau. Recurvatum can also be seen in a 
patient with a fixed valgus deformity and an iso-
lated iliotibial band contracture. In these cases, 
the tight iliotibial band is located anterior to the 
axis of rotation of the knee while the knee is in 
extension, which then contributes to the progres-
sive development of hyperextension of the knee. 
Patients with significant quadriceps weakness 
depend on locking the knee in hyperextension in 
order to walk as is seen in patients with poliomy-
elitis [25].

Cases with recurvatum are tricky situations to 
treat and the outcome after TKA will largely 
depend on the understanding of the condition and 
operator expertise. Meding et al. suggested that 
genu recurvatum can be treated successfully 
without a posterior stabilized knee prosthesis 
with retention of the PCL.  However, they cau-
tioned that care should be taken to avoid even the 
mildest degree of residual instability in the coro-
nal plane because these are associated with 
increased extension, including hyperextension. 

Fig. 25.10 Valgus deformity in rheumatoid arthritis, 
clinical photograph
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However, in patients with paralytic recurvatum, 
moderately successful results have been obtained 
using a long-stemmed PS or varus/valgus con-
strained implant. Rotating hinged knee prosthe-
ses can be used for these patients, although 
persistent hyper-extension postoperatively may 
still lead to failure [25]. Insall warned that para-
lytic types of recurvatum tend to recur and 
 suggested using a more constrained prosthesis 
[46]. Giori and Lewallen in their paper also rec-
ommended alternative techniques including the 
use of a hinged knee prosthesis or even arthrod-
esis, especially when quadriceps weakness is 
severe [25].

There are several surgical solutions for cor-
recting genu recurvatum during primary total 
knee arthroplasty. The first option is to tighten the 
extension gap while using a standard PS prosthe-
sis with under resection of the distal femur and/or 
using a distal femoral augmentation block to dis-
talize the joint line. This is combined with using 

a thicker polyethylene insert and placement of 
the femoral component in slight flexion [47, 48]. 
The aim is to have some degree of flexion con-
tracture remaining after surgery [28].

Krackow and Weiss suggested another tech-
nique to correct recurvatum during primary 
TKA. They described moving the femoral origins 
of the medial and lateral collateral ligaments pos-
teriorly and proximal to recreate the normal 
tightening action of the collaterals during full 
extension of the knee to create a tighter extension 
gap. They proposed that the cam action of the 
prosthesis with a curved insert combined with 
these ligament transfers will provide adequate 
restraint against hyperextension [49].

The third surgical solution is to use a rotating- 
hinge knee prosthesis with an extension stop. 
This option is reasonable for patients specifically 
with neuromuscular disorders or severe quadri-
ceps weakness [19]. Giori and Lewallen recom-
mended that this type of implant be used for 

Fig. 25.11 Preoperative AP and lateral radiographs of a 
knee with severe valgus deformity. Addressing the preop-
erative bony deformity and adequate soft-tissue balanc-

ing, this patient can be treated with a posterior stabilized 
prosthesis
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knees with less than antigravity strength in their 
quadriceps due to high likelihood of recurrence 
of recurvatum in these patients [25].

In the absence of local or generalized neuro-
muscular disorder, genu recurvatum does not 
tend to recur after TKA. The surgeon should take 
care to avoid even small degrees of collateral 
ligamentous instability at implantation, because 
this type of instability has been associated with 
increased extension, including hyperextension in 
the postoperative period.

Recurvatum following TKA is one of the most 
challenging surgical deformity to treat. It may 
require the use of a brace with extension stop for 
life, revision to a rotating hinge total knee pros-
thesis, or even arthrodesis. Rotating linked hinge 
knee prosthesis which is usually less commonly 
used due to the risk of aseptic loosening and 
infection may be useful in patients who tend to 
develop recurvatum following TKA.

25.5  Types of Constraint in Knee 
Implants

Knowledge of the types of implants available and 
the constraint they offer is vital for the surgeon as 
they offer him invaluable knowledge and an 
armentarium of options when dealing with com-
plex cases of knee instability.

It is also very important for the surgeon to 
remember that in the effort to achieve a stable 
TKA, he should utilize the least amount of pros-
thetic constraint that is necessary to gain intraop-
erative stability as the life of the implant and the 
level of prosthetic constraint have an inversely 
proportional relationship [50].

Constraint is defined as the limitation of 
motion between two bodies linked by a joint. In 
knee arthroplasty, this constraint may be external 
to the implant—provided by soft tissues such as 
the capsule, ligaments, and muscle tone or inher-
ent to the implant and determined by factors such 
as conformity of articular surfaces, design of 
articular disc, and linkage between the compo-
nents. Constraint in knee prosthesis, therefore, 
refers to a restriction of rotational movement in 

the axial and coronal planes. This constraint can 
be achieved with a linked or non-linked implant 
design.

The total knee implants currently available in 
the market and arranged in order of increasing 
prosthetic constraint in designs are as follows:

 1. PCL retaining (CR)
 2. Posterior cruciate substitution (PS)
 3. Non-linked hinge implant such varus–valgus 

constrained (VVC) or constrained condylar 
knee (CCK), sometimes referred to as semi- 
constrained or unlinked constrained designs

 4. Hinged or linked constrained designs

25.5.1  Cruciate Retaining (CR)

CR implants designs represent the least amount 
of inherent component constraint. Successful use 
of CR implants thus requires the presence of 
good-quality bone with minimal/no defects, 
intact soft tissues sleeves, and a functional and 
balanced PCL. Their use is limited solely to pri-
mary TKA’s and they may fail in complex pri-
mary and revision TKA’s where surgeons face a 
complex situation of bone loss, ligaments insuf-
ficiencies, and severe deformities [43, 51]. CR 
knee designs offer normal knee kinematics and 
increased proprioception, preserves bone, and 
provides better stabilization of the prosthesis, 
with the PCL preventing anterior translation of 
the femur on the tibia. Contraindications for use 
of CR prosthesis include posterior cruciate liga-
ment (PCL) insufficiency, posterolateral instabil-
ity, significant coronal deformity, extensor 
mechanism deficiency or disruption, and inflam-
matory arthropathy.

25.5.2  Ultracongruent Inserts

The role of posterior cruciate ligament conserva-
tion and the level of constraint of polyethylene 
insert required in TKA is still controversial in lit-
erature. To address the problems associated with 
CR implants, postero-stabilized implants were 
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designed. But PS knees have their own set of 
problems. To reduce the PE wear at the site of 
cam mechanism and bone loss at the intercondy-
lar box, different types of inserts were designed. 
Mobile bearing (MB) inserts were thus devel-
oped to increase the implant conformity and to 
reduce stresses transmitted to the implant–bone 
interface, to provide a more physiological motion, 
and to correct small tibial rotational errors to 
minimize PE wear [52, 53].

However, the introduction of these new MB 
inserts did not rectify the issue: these inserts were 
able to correct tibia rotational alignment errors, 
but their rotation on the tibial tray increased the 
PE debris due to backside wear. So implant 
designers studied how contact stresses trans-
ferred on the polyethylene and resulting PE wear 
could be reduced and how can the implant design 
avoids the problem of cam-mechanism wear and 
other cam-related complications. With this design 
change in mind, ultracongruent (UC) inserts were 
developed.

An anterior build-up of polyethylene provides 
for anterior stability; additionally, it provides 
posterior stability by virtue of a highly conform-
ing deep-dish articular surface, which increases 
the surface contact area to the femoral compo-
nent and physically prevents posterior translation 
of tibia. Therefore, by design, these inserts pro-
vide stability while eliminating the cam-post 
mechanism, potentially diminishing polyethyl-
ene wear and consequently aseptic loosening. 
Additionally, they avoid the risk of cam impinge-
ment, wear or breakage, reducing the excessive 
bone resection associated with the intercondylar 
box and risk of condylar fractures [24, 54]. 
Initially, UC fixed-bearing inserts were intro-
duced, but early loosening due to the combina-
tion of high congruence and low mobility of the 
implant morphed into the development of mobile- 
bearing UC models [55]. The UC MB inserts 
have the same characteristic benefits of a classi-
cal MB design, with reduced shear stress on tibial 
surface and rotational freedom of the femur, in 
addition to improved joint kinematics [56, 57].

With these inserts, the stability of the knee is 
assured by a more conforming articulation in 

conjunction with a correct soft-tissue tension. 
Hence, all technical considerations of good soft 
tissue balancing and adequate ligament stability 
still apply to UC insert. These ultracongruent 
inserts may be considered a viable option in 
revising a CR knee arthroplasty that has devel-
oped PCL incompetency. Hofmann et al. reported 
that in 47 patients revised from standard CR 
inserts to ultracongruent inserts, only two of the 
knees had to be revised and neither was due to 
anterior-posterior instability [58]. Berend et  al. 
published excellent outcomes in 97% of primary 
TKA’s patients with PCL incompetency who 
were treated with ultracongruent polyethylene 
inserts. A total of 312 patients were evaluated 
[59]. Parsley et al. when comparing 121 PS pri-
mary TKA to 88 ultracongruent CR primary 
TKA, found no significant difference in range of 
motion or Knee society scores [60].

However, everything was not better with UC 
inserts. On analyzing the existing literature on 
UC inserts vs. both CR and PS inserts, it was 
found that with UC inserts, a greater anteroposte-
rior translation can be achieved. However, despite 
these differences in kinematics between the 
inserts, no real difference in knee kinematics or 
clinical outcomes between UC, CR, and PS 
inserts could be detected.

Kim et al. evaluated the intraoperative motion 
and mid-term clinical outcomes of MB UC TKAs 
vs. standard PS inserts. The authors found no sig-
nificant differences in clinical outcomes at 
3 years of follow-up [61]. Ko et  al. studied the 
clinical and radiographic results of UC vs. 
LCS-RP in 231 knees and found no differences in 
clinical scores, ROM or radiologic results [62].

In conclusion, although the debate over the 
optimal method of management of the PCL is still 
ongoing with studies supporting all the varied 
options, literature shows comparable functional 
scores, complication rate, revision rate, and survi-
vorship at midterm with the use of an UC insert 
when compared with a CR design. Long-term 
issues such as polyethylene wear and survivorship 
need further evaluation although Sathappan et al. 
demonstrated good implant survival of 95% at 
10 years with the use of an UC insert.
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25.5.3  Cruciate Substituting

The next level in constraint is PCL substituting 
designs—Posterior stabilized designs. 
Intraoperatively, the PCL is sacrificed and poste-
rior stability is provided by a tibial polyethylene 
post that engages in the intercondylar cam of 
femoral component. Many surgeons favor this 
option because the technical and judgment issues 
of balancing the PCL are eliminated as are issues 
related to late attenuation or traumatic rupture. 
There is however no advantage in varus–valgus 
stability and little additional rotational stability. 
Thus, for a PS implant to provide adequate stabil-
ity, a functional soft tissue envelope is still needed 
to protect against varus–valgus stresses. Also, the 
need for good flexion–extension gap balancing is 
mandatory because a residually loose flexion 
space can result in flexion instability and subse-
quent posterior dislocation.

Advantages of PS knee include a more con-
firming articulation, better knee flexion, more 
predictable kinematics and reproducible roll-
back, lower degree of axial rotation and condylar 
translation, and avoidance of late PCL attenua-
tion or rupture.

However, an evaluation of published meta- 
analysis in literature shows that there is no differ-
ence in clinical results, ROM, kinematics, and 
survivorship rates between CR and PS TKAs. 
This is presumably due to the latest advances in 
implant design, surgical techniques, and rehabili-
tative procedures that have resulted in compara-
ble outcomes.

25.5.4  Non-linked Hinged

The next level of constraint in knee implants is 
the nonlinked hinge implant such as varus–val-
gus constrained (VVC) or constrained condylar 
knee (CCK). These implants are derived from the 
posterior stabilized knee but modified wherein 
the tibial post is taller and larger and the femoral 
box is deeper. Such implants by virtue of their 
design provided a higher degree of rotational 
control and more importantly, a significant deal 
of constraint to varus–valgus angulation. By 

incorporating a taller spine and with a tighter 
coronal fit within the deeper intercondylar box 
providing enhanced stability against stress. The 
disadvantage is the moderately increased stress 
transmission to the component–bone interfaces. 
Since these implants limit varus–valgus move-
ment between the femoral and tibial components, 
they can be used successfully in cases of severe 
medial or lateral instability or bone loss. However, 
this resultant increased stress at both the fixation 
interface and constraining mechanism of the 
implant which may lead to early implant loosen-
ing or failure due to wear of the stabilizing spine 
as can happen in the cases of a completely incom-
petent medial collateral ligament. Thus, in those 
cases where an increased constraint is required to 
achieve stability, intramedullary stems should be 
considered for supplemental fixation to reduce 
forces across the component–bone interface.

First-generation CCK implants had no inbuilt 
modularity and were associated with a high rate 
of complications like aseptic loosening [43] and a 
high rate of patellar complications including 
fracture, maltracking, and osteonecrosis [63]. 
Lachiewicz and Soileau did 44 TKA’s using first- 
generation CCK prostheses and reported that 
16.6% of the knees had patella complications 
(fracture or osteonecrosis) [64].

Subsequently, second-generation CCK pros-
thesis were developed as a modular, non-hinged, 
and semi-constrained implant. These mobile- 
bearing unlinked CCK designs offer the potential 
advantage of decreasing stress at both the cam- 
spine junction as well as the fixation interfaces. 
[65]. They have a deepened femoral notch, a rela-
tively higher and broader tibial insert spine, and 
redesigned patellofemoral articulation which 
provides better medial-lateral stability (allowing 
3° of varus–valgus tilt and 5° more of internal- 
external rotation) compared to first-generation 
CCKs, thus providing improved stress relief and 
load-sharing within the host bone. In addition, 
they provided the option of modular femoral and 
tibial stems which gave the surgeon the option of 
utilizing press fit fixation.

Jones et  al. demonstrated that the incorpora-
tion of polyethylene bearing mobility minimizes 
the transfer of torsional stresses to the fixation 

S. Rastogi and S. K. S. Marya



345

interfaces that has been traditionally associated 
with failure of fixed-bearing TKA implants [66]. 
Mobile bearing insert also reduces rotational 
stresses on constraining spine, thereby poten-
tially reducing spine wear and failure. In vivo 
kinematic studies have conclusively demon-
strated that a rotating platform insert primarily 
moves with the femoral component during axial 
rotation allowing the constraining spine to remain 
self-centered within the intercondylar box, reduc-
ing rotational stress on the spine [56].

However, a word of caution—mobile-bearing 
designs do add an additional mobility and wear 
interface and in cases of severe instability or oper-
ator inexperience, this can add to the difficulty of 
establishing a stable knee. The surgeon must also 
remember that flexion instability is still a limita-
tion for these implants and in the presence of 
severe flexion instability, they have the potential 
for post-cam dissociation like PS implant [67].

25.5.5  Linked Hinged Implants

The next and highest level of constraint available 
is the linked hinge knee implants. When the sur-
geon is faced with conditions like significant 
bone loss, complete absence of soft tissue sup-
port or in the presence of gross flexion-extension 
instability, linked hinge components are indi-
cated [2]. Unfortunately, despite the multidirec-
tional stability provided by these implants, poor 
results have historically been associated with the 
first generation of these implants (fixed hinged 
implants) predominantly because of a higher rate 
of implant loosening and prosthetic faliure, 
higher infection rates, chronic knee pain, signifi-
cant patellar pain and extensor lag [68–70].

Introduced during the 1990s, the second- 
generation rotating platform hinge designs 
(RHK) that incorporate bearing mobility had pro-
duced more encouraging clinical and radio-
graphic results [2, 71]. Similar to mobile-bearing 
VVC/CCK implants, these rotating platform 
hinge devices were preferred due to the lower 
stress transmission to the implant and fixation 
interfaces that was consequent to the presence of 
bearing mobility.

The design changes in the newer prostheses 
were developed with the following aims in mind- 
decreased joint constraint, decrease bone–
cement–prosthesis interface stresses and improve 
implant longevity. On the whole, the second- 
generation design modifications of hinged knee 
implants may be summarized as the inclusion of 
slightly increased varus/valgus motion and mod-
erate axial rotation.

These second-generation implants are no lon-
ger used. Further design research and evolution 
has resulted in the development and use of a third 
generation of hinged implants such as the Finn, 
SROM, and NexGen RHK prostheses [72, 73]. 
Specific third-generation design modifications 
include prosthetic modularity, manufacturing 
with improved alloys, deepening of the anterior 
femoral groove for improved patellar tracking, 
multiple size options for better metaphyseal fit, 
highly polished tibial components, highly con-
gruent polyethylene bearings, modular stem 
extensions, bony ingrowth collars, and distal aug-
ments for the femur. These third-generation pros-
theses have produced encouraging results in 
short-term and mid-term studies [72]. However, 
additional follow-up is necessary to evaluate the 
long-term success and survivorship of these 
third-generation implants.

RHK is indicated for global instability due to 
total lack of collateral ligaments, poor soft tissue 
envelope, severe/massive bone loss such that col-
lateral ligament attachments have been lost, 
severe flexion instability with a massive flexion 
gap, in situations with severe posterior capsular 
insufficiency with uncontrolled hyperextension 
and in severe varus–valgus and flexion contrac-
ture because of the significant multidimensional 
constraint provided by these implants [19, 74]. 
They are also considered in cases of extensor 
mechanism incompetency, neuropathic joints, 
and elderly people with poor soft tissue envelope 
[75]. RHK prosthesis is also considered the last 
tool for salvage of a revision TKA. Intraope-
ratively, it is important for the surgeon to remem-
ber that even mild elevation of the joint line in 
hinged components can lead to significant loss of 
mechanical advantage for the quadriceps and 
should be avoided, as it exacerbates anterior knee 
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pain, extensor lag, knee buckling, and may pro-
duce a sense of instability. However, since one of 
the primary advantages of this implant is that bal-
ancing the flexion and extension gaps is not 
required, restoration of the joint line is relatively 
easier.

Failure of a rotating hinged prosthesis leaves 
few reconstructive options for the surgeon. 
Revision to a modular tumor prosthesis which 
has essentially the same failure modes as RHK, 
allograft-prosthesis composite, above-knee 
amputation, and arthrodesis become the remain-
ing options. Therefore, due to the limited margin 
of error, these prostheses should be used with 
extreme caution and by an experienced surgeon.

25.6  Summary

It is now well established that instability follow-
ing TKA is a common reason for early revision 
and is most likely due to technical errors at the 
time of surgery or trauma sustained to the knee. 
This instability can be prevented from happening 
in most cases with proper preoperative evaluation 
of patient, judicious implant selection, and metic-
ulous surgical technique, especially gap balanc-
ing. Patients may present with vague and 
ill-defined symptoms, radiographs and blood 
tests might be normal, so suspicion of instability 
should be high in patients with persistent peri- 
articular pain and swelling in an otherwise nor-
mal knee. As in any other situation, other common 
causes of knee pain and swelling including infec-
tion should be ruled out.

Due to the difficulty in managing such com-
plex situations, prevention is considered the best 
treatment to prevent instability following 
TKA.  Intraoperatively, balancing of flexion- 
extension and mediolateral gaps should be con-
sidered to be of paramount importance. Prosthetic 
constraints should be tailored to the patient’s 
requirements. As a general rule, revision surgery 
is required to treat instability as conservative 
treatment is usually not successful in alleviating 
the instability. Broadly, revision surgery will 
require a change of components, one or both, 
equalization of flexion and extension gaps, and 

creation of balanced medial and lateral gaps by 
releasing tight structures and tensioning loose 
ones. In case of inability to achieve intraoperative 
stability, increasing prosthesis constraint should 
be considered keeping in mind the condition of 
bone, collateral ligaments and the soft tissue 
sleeve. Often, femoral revision to correct malro-
tation and a larger component with augments is 
necessary to tighten the flexion space and restore 
posterior condylar offset and joint line. Need for 
tibial revision can be need based and may be 
required in cases of an increased tibial slope, 
malrotation, or implant loosening. Any compo-
nent malalignment needs to be corrected. In cases 
with substantial collateral ligament laxity or 
severe flexion–extension gap mismatch, a VVC/
CCK device may be used. Finally, in cases of 
extreme or global instability, a rotating hinged 
knee prosthesis might be needed to restore knee 
function. With current advances in metallurgy 
and implant design and careful selection of 
implants as per the knee requirement, results 
after revision surgery are usually good.
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Periprosthetic Joint Infection: 
Diagnosis and Principles 
of Management
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26.1  Introduction

Total joint arthroplasty is the commonly per-
formed lifestyle surgery with excellent outcomes 
in terms of quality of life and knee function post-
operatively. With the advent of newer implant 
and improved surgical techniques, the excellent 
postoperative pain management, joint arthro-
plasty has become a preferred choice for patients 
to deal with crippling arthritis [1].

In medicine, every newer technique has its 
own drawbacks and complications. With inno-
vations in clinical management, we try to over-
come the complications and drawbacks by 
newer and newer nuances. Peri-prosthetic joint 
infection (PJI) is one such complication after 
total joint arthroplasty which causes significant 
morbidity and at times mortality of the patient 
as well. Infection is the most undesired and cat-
astrophic complication following total joint 
arthroplasty which every surgeon fears of; 
hence, it is very important to understand the 
proper diagnosis and the principles of manage-
ment [2, 3]. Total knee arthroplasty has been 

more frequently associated with PJI. The impro-
vised surgical techniques and advances in bio-
medical engineering along with medical 
microbiology have caused a significant reduc-
tion in the incidence of PJI [3]. The diagnosis at 
times can be very simple and at times really 
tough as there is no confirmatory test to identify 
the same. Newer immunological techniques and 
isotope radiological assessment have led to its 
differentiation between aseptic and septic loos-
ening of a prosthetic joint [4, 5]. The challenge 
still remains to follow an evidence-based 
approach for establishing diagnosis of PJI and 
then following parameter-based principles of 
management of PJI. The spectrum of treatment 
varies right from antibiotic suppression to thor-
ough debridement, to staged revision, to exci-
sion arthroplasty, and sometimes to arthrodesis 
[1, 6, 7]. PJI is getting significant importance 
due to the morbidity and mortality associated 
with it, but there is a huge cost involved in the 
diagnosis and treatment of it. In this chapter, we 
shall go through the various diagnostic tools and 
principles of management.

26.2  Classification

Infection following total hip arthroplasty has 
been classified by Fitzgerald [8], and this can be 
extended for knee arthroplasty for practical pur-
poses. The classification is based on when symp-
toms begin and the clinical cause of infection.
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26.2.1  Stage 1 (Acute Postoperative 
Infections)

The patient is seen during the first postoperative 
month. The wound may be purulent or 
 discharging. Systemic signs such as fever, chills, 
and sweating may be present. Type 1 infections 
are caused by infected hematomas or superficial 
wound infections spreading contiguously to the 
periprosthetic space. The major difficulty in 
Stage 1 infections is differentiating a superficial 
from a deep infection in a patient with persistent 
postoperative serous drainage. There are no 
diagnostic tests that are useful in this stage 
(Fig. 26.1).

26.2.2  Stage 2 (Delayed Deep 
Infections)

The patient is seen between 6 months to 2 years 
from surgery with a well-healed wound and a 
painful joint replacement. The pain may be 
caused by aseptic mechanical loosening or low- 
grade, indolent infection. Type 2 infections are 
believed to originate at the time of operation, but 
because of a small inoculum or the low virulence 
of the organism, the onset of symptoms is 
delayed. Systemic symptoms are not present. The 
characteristic feature is a gradual deterioration in 
the function of the joint and increasing pain, 
which is often present from the time of surgery 
and occurs at rest. Type 2 infections pose the 
greatest diagnostic difficulty.

26.2.3  Type 3 Infection (Late 
Hematogenous Infections)

Diagnosis poses no difficulty as the patient pres-
ents with an acutely painful joint, many years 
after surgery, with signs of acute infection such 
as swelling and fever. The patient will frequently 
have had a recent surgical treatment such as den-
tal manipulation or remote infection. ESR and 
C-reactive protein will be elevated, and fre-
quently pus can be aspirated from the joint.

26.3  Diagnosis of PJI

Establishing diagnosis of PJI is at times quite 
straightforward (Fig. 26.2) and at times very dif-
ficult. A thorough clinical history and examina-
tion helps in the majority of the cases; we have to 
probe into the primary surgery as it leads to the 
diagnosis most of the times [4–6]. Diagnosis of 
infection can be challenging as no test is 100% 
sensitive or 100% specific. However, new immu-
nologic techniques may allow differentiation of 
aseptic from septic loosening of total joint pros-
theses. Once the diagnosis of infection is estab-
lished, treatment options range from antibiotic 
suppression to exchange revision arthroplasty or 
removal of the prosthesis permanently. Surgeons 
need to be aware of the potential sources of infec-
tion and prophylactic measures that effectively 

Fig. 26.1 Skin excoriation due to underlying infected 
TKR with discharge
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reduce the incidence of infection 
postoperatively.

History and physical examination (Fig. 26.3) 
of the patient with laboratory tests such as ESR 
and C-reactive protein, serial radiographs, radio-
nuclide scans, and joint aspiration can all help in 
the diagnosis in prosthesis-related infection. 
However, definitive diagnosis is only possible by 
culturing several samples of material obtained 
from the interface during revision surgery. 
Intraoperative frozen section of interface tissue is 
a reliable indicator of infection before cultures 
are available. Gram stain is of no value [9–11].

Patients with a definitive diagnosis of PJIs, 
based on identification of the Musculoskeletal 
Infection Society [12], included the following 
three conditions:

 1. The presence of a sinus tract communicating 
with the prosthesis

 2. A pathogen was isolated by culture from two 
separate tissues or fluid samples obtained 
from the infected prosthetic joint

 3. Had four of the following six criteria:

• An elevated serum erythrocyte sedimenta-
tion rate (ESR) and serum C-reactive pro-
tein (CRP) level

• Elevated synovial fluid white blood cell 
(WBC) count (WBC > 3000/mm3)

• Elevated synovial fluid neutrophil [poly-
morphonuclear neutrophils (PMN)] per-
centage (PMN > 70%)

• Presence of purulence in the affected joint
• Isolation of a microorganism in one peri-

prosthetic tissue or fluid culture
• Neutrophils in five high-powered fields 

(400X) observed from frozen histologic 
section analysis of peri-prosthetic tissue at 
a magnification more than 5

In clinical history, details about the postopera-
tive wound status, persistent discharge from the 
wound, history of prolonged antibiotic therapy, 
persistent pain, and swelling postoperatively 

Fig. 26.2 Pus discharge from an infected TKR Fig. 26.3 Reactive knee swelling and stiffness in a septic 
TKR
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extending into early postoperative period at times 
lead to diagnosis of PJI. History of severe pain 
and fever associated with knee stiffness also 
leads to the diagnosis of PJI [13, 14].

In clinical examination, a discharging sinus is 
direct evidence of prosthetic joint infection, 
unless and until proved otherwise. Knee stiffness, 
unexplained pain post knee arthroplasty, and 
raised local warmth are indirect evidence of 
PJI. Restricted walking ability is also an indicator 
of PJI. Extensive knee synovitis with effusion is 
also commonly seen in PJI [14].

In radiological assessment, radiolucent lines 
about a prosthesis and cement are frequent find-
ings, and are in themselves helpful in determin-
ing septic from aseptic loosening. Endosteal 
scalloping is more suggestive of infection, but 
can occur with metallosis. Lacy sub-periosteal 
new bone formation, particularly around the fem-

oral metaphysis, is pathognomonic of deep infec-
tion, but occurs in only 1–2% of cases. Obvious 
loosening of components needs to be defined as 
to whether it is due to aseptic or septic loosening 
(Fig. 26.4) [1, 2, 15].

In laboratory assessment—ESR/C-reactive 
protein: These are the most useful laboratory 
screening tests for the diagnosis of PJI. ESR > 30 
and CRP > 10 is indicative of infection, with a 
sensitivity and specificity of 0.82 and 0.85 for the 
ESR, and of 0.96 and 0.92 for the CRP. Sanzen 
et al. have noted that neither the ESR nor CRP is 
universally elevated in patients with joint infec-
tion [16]. Also, both parameters rise significantly 
after surgery and remain elevated for some time 
[17]. The CRP returns to normal more quickly 
and is more accurate. Furthermore, about 20% of 
patients with a joint replacement have an associ-
ated connective tissue disorder which will keep 

Fig. 26.4 Osteolysis and loosening of components in an infected TKR
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the ESR persistently elevated. The increasing or 
the decreasing trend is very important in the 
treatment of PJI [17–19].

In knee joint aspirate: This is perhaps the most 
useful tool in the diagnosis of infection about a 
joint. Antibiotic therapy is discontinued strictly 
for a minimum of 2 weeks before aspiration. The 
joint aspiration is performed at operation room 
with aseptic technique [20].

Aerobic and anaerobic incubation of the aspi-
rate permits recovery of the causal organism in 
two-thirds of cases. The results suggest it is a better 
test for ruling infection in than ruling it out. 
Inflammatory cells like the total leucocyte count 
and absolute neutrophil count are important predic-
tors of PJI [20]. The success rate of infection con-
trol in culture-negative patients who underwent 
two-stage revision was comparable with culture-
positive cases along with improvement of antibi-
otic treatment regimens in recent 10 years [21].

In radionuclide imaging, Indium 111-labeled 
white cell scans have superseded differential 
imaging with Tc99m and gallium bone scans in 
the diagnosis of periprosthetic infection. It is not 
only more specific but more accurate in distin-
guishing septic from aseptic loosening [22, 23]. 
Merkel et  al. showed an accuracy rate of 88% 
with indium compared with 62% for Tc99m and 
gallium (p < 0.001) [24].

New scintigraphic modalities: Two new agents 
are currently undergoing FDA evaluation in the 
USA. Indium111-labeled IgG is a new agent that 
can be used for the diagnosis of low-grade sepsis. 
European experience suggests that it will enhance 
the diagnosis rate if there is no inflammatory 
reaction from particulate debris [24]. Tc-99  m 
monoclonal antibody is also being evaluated, and 
early results suggest that it may be more accurate 
than indium-111 IgG. Both tests are prohibitively 
expensive at present [22].

Intraoperative frozen section of interface mem-
brane: Several studies have shown this to be a 
reliable indicator of periprosthetic infection prior 
to definitive cultures of infected material being 
available (Fig. 26.5) [5, 15, 25, 26]. It allows the 
surgeon to make accurate intraoperative decisions 
in terms of single or staged revision surgery. 
Three specimens should be sent for frozen sec-
tion: pseudocapsule of the joint and membrane 

between each of the components of the joint being 
removed. The frozen section looks at polymorphs 
per high-powered field over five representative 
high-powered fields. 0–5 polymorphs eliminate 
infection, 5–10 is equivocal, and >10 is highly 
suggestive of infection [1, 25, 27].

26.4  Principles of Management 
of PJI

Once periprosthetic infection is suspected and/or 
diagnosed, a number of options exist. Options 
include medical therapy alone or surgical treat-
ments in combination with antibiotics [2, 12, 15]. 
Surgical treatments involve debridement with 
preservation of the implant, debridement with a 
single-staged revision, or debridement with a 
two-stage revision, with or without the use of an 
antibiotic-loaded cement spacer [28]. Of these 
options, one- and two-staged revisions are the 
two main and controversial approaches for treat-
ment. Although a two-stage revision was pre-
ferred by most surgeons and widely accepted as 

Fig. 26.5 Dirty granulation tissue with synovitis all 
around the joint
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the gold standard protocol, controversies still 
exist with regard to the ideal interval between 
implant removal and reimplantation, the 
 usefulness of antibiotic-loaded cement spacers, 
and the duration of systemic antibiotic treatment 
[15, 25, 26].

After going through the current literature and 
guidelines for the treatment of PJI, there is no evi-
dence that a two- or more-staged procedure has a 
higher success rate than a one-staged approach. 
The current literature on one-stage exchange pro-
cedure is promising, with comparable results to 
two-stage revisions for infected hips and knees in 
selected patient. Zeller et al. recently performed a 
large prospective cohort study on one-stage 
exchange arthroplasty for chronic peri- prosthetic 
hip infection which included 157 patients. After a 
median follow-up of 41.6  months, only two 
relapses and six new infections occurred [29].

26.4.1  Medical Therapy (Antibiotic 
Suppression)

Medical or antimicrobial therapy alone is rarely 
indicated. Such situations occur when the patient 
is so medically high risk that a surgical procedure 
is likely to induce mortality. It may be that the 
consequences of removal result in significantly 
worse function than currently exists [13, 14]. The 
thrust of management here is to control rather 
than cure the infection. It involves the use of life-
long suppressive antibiotics. In general, recur-
rence is expected if the patient lives long enough. 
Results of antibiotic suppression therapies alone 
have been reported. Widmer et  al., in 1992, 
reported a 60% success rate with 6  months of 
rifampicin and a fluoroquinolone. This study, 
however, did not follow the patients for the past 
2 years [30].

26.4.2  Debridement with Implant 
Retention

This strategy may be suitable in the early postop-
erative or very early hematogenous infection. It 
involves dislocation of the implant, thorough 

debridement of hematoma, and scrubbing of all 
exposed surfaces with an exchange of poly 
(Fig. 26.6). Concurrent antibiotic therapy based 
on cultures is given. Aggressive debridement is 
the mainstay of this modality of treatment; the 
patients underwent general or epidural anesthesia 
through an incision along the previous operative 
scar [7, 15, 31, 32] (Fig. 26.7).

Exposure is often difficult in a revision proce-
dure, and therefore, a larger incision may be 
needed. Once the current implant is exposed, 
aspiration was performed again under direct 
vision. In addition, several samples (at least five) 
were acquired from the areas with the most florid 
inflammatory changes, such as pseudocapsules. 
Then the samples were sent to a microbiology 
laboratory for culture, sensitivity tests, and histo-
logical evaluation [10, 20, 25, 33] (Fig. 26.8).

After that, aggressive debridement is per-
formed involving the removal of all purulent 
secretion, fibrous tissue, and a large number of 
proliferative inflammatory synovitis until healthy 
musculature was observed. Any potentially con-

Fig. 26.6 Poly walks off the components with slimy tis-
sue under it
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taminated or granulating material should be 
removed, but it is important to recognize key soft 
tissue structures to prevent unnecessary destabi-
lizing of the joint. Given that, thicker insert 
should be prepared because we need to keep in 
mind that thorough debridement is the vital prin-
ciple in this procedure [34, 35].

The surgical area was then exhaustively irri-
gated with at least 5 L warm 0.9% saline which 
combines mechanical debridement to dislodge 
nonviable tissue, with dilution of the bacterial 
bioburden [36]. Followed by that, we typically 
use 100–200 mL 3% hydrogen peroxide across 
every cancellous region with further mechanical 
debridement (Fig. 26.9). This is then washed off 
with more 0.9% sodium chloride solution, and 
then 400–500 mL 0.1% aqueous betadine solu-
tion is poured into the wound and soaked (all soft 

tissues steeped) for 15 min (Fig. 26.9). This gives 
the antimicrobial action of betadine sufficient 
time to work, rather than washing off the wound 
immediately after application [34, 35].

During the break period, cotton gauze is used 
to cover the wound and the area around the 
patient is cleared by removing any other equip-
ment that has already been used during the initial 
stages, such as the suction catheter, pulse lavage, 
and any soiled linen. After that, as initiating of 
any primary joint operation, the surgical team 
rescrubbed and resterilized the surgical area, put 
on new gowns, and exchanged the entire set of 
surgical instruments [28, 36]. After a further pul-
satile lavage with 1 L of 0.9% sodium chloride to 
remove the remaining aqueous betadine solution 
from the wound, the knee prosthesis is ready for 
insertion of a new poly of the same or increased 
thickness depending on the stability of the knee. 
The surgical field is then washed one last time 
with 1  L of 0.9% sodium chloride. The wound 
was closed over a suction drain, which is placed 
within the joint and retained for 3  days and 

Fig. 26.7 Loose femoral component with osteolysis

Fig. 26.8 Loose implants excised preserving the bone 
stock for future revision TKR

Fig. 26.9 Wound irrigation with hydrogen and betadine 
solution
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removed if the volume of daily drainage was 
≤50 mL. The subcutaneous layer is closed using 
a 2.0 Vicryl suture and 2.0 ethilon to close the 
skin. The wound is protected by a multilayer 
gauze, followed by wool and bandage extending 
from the midtibial region to the middle of the 
thigh [34].

26.4.3  Single-Stage Revision

Single-stage revision was popularized by 
Buchholtz and Gartman following their paper in 
1972. The technique involves removal of infected 
components, thorough surgical debridement, and 
subsequent reconstruction with antibiotic-loaded 
cemented implants. The paper reported a suc-
cessful eradication of infection in 77% of 583 
patients [37]. Other authors have reported similar 
success rates with single-stage revision. Works 
on the similar principles as explained in the 
debridement technique. The revision knee pros-
thesis is inserted in the same sitting and the 
wound is closed [3, 29, 38].

Amstutz, in 1998, reported on 20 patients 
having single-stage revision for infection [39]. 
He excluded multi-resistant organisms and 
immunocompromised patients. They under-
took 4.7  months of postoperative antibiotics, 
and he reported no recurrence of infection. 
There were, however, two cases of aseptic 
loosening, which were revised at 12 and 
19  years post-revision. In 1999, Callahan 
reported 24 patients with a 10 year follow-up. 
It was noted that 12 had deceased and an 8.3% 
recurrence had occurred [40]. Thus, there is 
good evidence that single- stage revision can be 
undertaken. It saves time and money. It requires 
identity of a susceptible organism and prefera-
bly a non-biofilm producer. It is best under-
taken in non- immunocompromised. It requires 
meticulous technique and the recommended 
use of antibiotic-loaded cement for fixation of 
the revision implants. It is not clear how long 
oral antibiotics should be delivered following 
the index procedure. There are no long-term 
follow-up reports of uncemented single-stage 
revision procedures [38].

26.4.4  Two-Stage Revision

The next option in the management of peri- 
prosthetic infection is a two-stage revision proce-
dure. Initial descriptions involved the removal of 
all implants, cement debris, and a meticulous 
synovial debridement. This was followed by an 
implant-free interval and subsequent reimplanta-
tion. The procedure, however, has evolved to an 
interval implantation of either antibiotic-loaded 
beads or an articulating antibiotic-loaded implant. 
The implant-free period and subsequent medical 
management in the form of intravenous and oral 
antibiotics help to eradicate the PJI and make the 
knee joint more recipient and receptive for a revi-
sion knee prosthesis. The patient is serially moni-
tored for a period of 3  months usually with 
repeated laboratory evaluations of hemogram, 
ESR, and CRP levels, and the patient’s general 
medical status allows secondary revision. 
Numerous papers have reported success rates in 
excess of 90% when using a two-stage technique 
[9, 38, 41].

The use of antibiotic-loaded cement spacers, 
however, raises certain questions. The benefit of 
using a cement spacer or beads is that it delivers 
a local antibiotic concentration in excess of that 
possible with systemic antibiotics. There is wide-
spread clinical evidence of the efficacy of such a 
technique. There are, however, variable factors 
associated with the use of cement as an interval 
implant. Such variable factors include antibiotic 
type, dosage, and configuration [42]. Usually 
gentamycin, vancomycin, or tobramycin is used, 
because they are heat stable and broad spectrum 
(Figs. 26.10 and 26.11).

They do not appear to demonstrate systemic 
effects such as ototoxicity and nephrotoxicity. It 
appears that Palacos cement elutes better than 
Simplex, CMW, and Sulfix cements. This may be 
due to its higher porosity and its greater ease in 
being able to mold into an endoprosthesis 
(Fig. 26.12). The pharmacokinetics of antibiotic 
elution from cement is incompletely understood. 
A current recommendation is to include 0.6–1.2 g 
of tobramycin and 0.5–1  g of vancomycin per 
40 g of cement [42, 43]. Masri, in the Journal of 
Arthroplasty in 1998, reported on 3.6  g of 
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 tobramycin and 1 g of vancomycin per 40 g of 
cement with significant success [44].

Residual controversies relating to the use of 
cement antibiotic local delivery modes includes 
whether beads or spacers are more effective. It 
has been shown that an endoprosthesis maintains 
soft tissue tension and can thus aid in second- 
stage revision. This appears to shorten revision 
time and also reduce blood loss and rehab time. 
Further, the question of whether a spacer acts as a 
foreign body and thus as a sequestrum or a large 
antibiotic tablet has not yet been resolved. The 
pharmacokinetics of the antibiotic within the 
cement have yet to be completely understood. 
The time interval between stages remains an 
issue of controversy [38, 41, 43].

Nevertheless, the gold standard now appears 
to be a two-stage revision with an interval period 
of 6  weeks of antibiotic directed against the 
known organism. Success rates in excess of 90% 
should be expected. It is noted that infection and 
its management are costly in terms of time, 
money, and morbidity (Figs.  26.13, 26.14, and 
26.15) [41].

Although the results of two-stage revision 
were reported with reinfected rate 10.2–17%. 
Accordingly, a number of studies have been pub-
lished and emphasized concerning the two-stage 
revision technique. However, there are an increas-
ing number of researches on one-stage revision 
along with the more in-depth understanding of the 
approach [45]. Besides the obvious benefit of 
eliminating a second major operation, further 
advantages arise from the reduced duration of 
postoperative systemic antibiotics in terms of cost 
and morbidity. Even so, three large systemic 
reviews recently still indicated that the reinfection 
rate of one-stage revision was 8.6–16.8%, which 
is comparable with two-stage revision [46, 47].

26.4.5  Knee Arthrodesis

This surgical technique is preserved as a last 
resort to treat infected total knee arthroplasty. It is 
used in select patients where there is persistent 
infection after repeated staged knee replacement, 
massive bone or soft tissue loss, and irreparable 

Fig. 26.10 Femoral cement spacer block with antibiotic- 
loaded cement

Fig. 26.11 Tibial cement block to fill the tibial 
metaphysis
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damage of extensor mechanism. The outcome 
expected is a fused knee without infection, but it 
is at the cost of mobility [48].

Various techniques have been described to 
achieve a solid knee arthrodesis with rates of 
fusion ranging from 29 to 100%. It has been rec-
ognized that rigid fixation and compression 

reduces failure rates. Intramedullary (IM) nailing 
has achieved the best fusion rates of 88 to 100% 
and has the advantage of allowing early weight 
bearing [49]. The external fixators have several 
advantages as it corrects malalignment and give a 
chance to correct shortening with distraction 
osteogenesis. These fixators provide an excellent 

Fig. 26.13 Removal of these cement spacer blocks at the 
time of revision TKR after 3 months

Fig. 26.14 Revision TKR with rotating hinge prosthesis

Fig. 26.12 X-ray 
picture of cement spacer 
for two-stage revision 
TKR
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stability and early full weight bearing, a continu-
ous compression can stimulate bone healing with 
a considerably lower risk of infection recurrence. 
The disadvantage being prolonged use of fixators 
till the union is achieved [48, 50].

26.5  Summary

We recommend following an evidence-based 
approach for establishing diagnosis of PJI and 
then following parameter-based principles of 
management. The spectrum of treatment varies 
right from antibiotic suppression to debridement 
and to single-stage or two-stage revision and may 
end up sometimes in an arthrodesis.

One- or two-staged techniques should be per-
formed depending on the clinical situation, the 
local facilities, and the surgical expertise. The 

key to success of one-stage revision is based on 
following a detailed protocol, including a meticu-
lous preoperative planning, thorough intraopera-
tive surgical approach, and strict postoperative 
antibiotic treatment regimens.
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27.1  Introduction

Periprosthetic joint infection (PJI) is one of the 
common indications for revision arthroplasty in 
India. As per the data from Indian Joint Registry, 
PJI was the second most common indication 
(26%) for revision total knee arthroplasties 
(TKA) after aseptic loosening [1]. The revision 
TKA in a patient with infected joint not only 
results in a high degree of morbidity for the 
patient but also poses multiple challenges to the 
treating surgeon. The ideal end result in an 
infected TKA after the treatment is eradication of 
infection along with retention of the implant with 
a reasonably good function.

To avoid multiple, complex, and potentially 
morbid surgeries, many orthopedic surgeons 
have been performing debridement of the knee, 
thereby decreasing the infection load, and sup-
plementing this with systemic antibiotics espe-
cially in the patients with acute infections. The 
goal here is to retain the implant while getting rid 
of the infection. This forms the basis of DAIR 
(debridement, antibiotics, irrigation, and implant 
retention).

27.2  When to Proceed with DAIR

Even though a patient presenting with acute PJI 
should undergo early intervention, there is no 
evidence to suggest that DAIR should be per-
formed as an emergency surgery. In fact, ventur-
ing into emergency surgery in these groups of 
patients who often have multiple medical comor-
bidities or may be taking anticoagulants can 
result in disastrous outcomes. Some comorbidi-
ties like rheumatoid arthritis cannot be adjusted 
prior to debridement. However, every effort 
should be made to optimize the correctable 
comorbidities like malnourishment, coagulopa-
thy, uncontrolled blood sugars (>200  mg/mL), 
and very low hemoglobin (<10  mg/dL) before 
proceeding with DAIR. Hence, DAIR is not an 
emergency procedure but should be performed 
on an urgent basis in the next earliest available 
routine theater, when the patient with acute PJI is 
medically and surgically optimized [2].

DAIR is usually helpful in acute PJIs. IDSA 
(the Infectious Disease Society of America) 
guidelines [3] suggest DAIR as a treatment to be 
effective when the joint age is under 30 days and 
a duration of symptoms under 3 weeks. However, 
at a global consensus meeting held in 2014, 84% 
of the delegates agreed to a 90 days joint age cut-
off with ongoing symptoms of joint infection 
under 3 weeks for considering DAIR [4]. Recent 
studies have reported a success rate of 90% in the 
patients who underwent DAIR within 90  days 
irrespective of the involved organism [5]. Thus, 
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patients presenting with a short duration of symp-
toms with a stable implant are ideal candidates 
for DAIR.

Multiple studies have highlighted the factors 
yielding better outcomes, which include a short 
duration of symptoms (3–4  weeks), stable 
implant, healthy surrounding soft tissues, and 
immunocompetent host [6, 7]. On the other hand, 
chronic infection, presence of sinus tract, bone 
cement mantle compromise, and loose prosthesis 
are contraindications for performing DAIR as it 
results in poorer outcomes with high risk of 
infection.

In a study by Kuiper et al. which evaluated the 
outcomes of DAIR in 91 cases of PJI, it was 
found that a high ESR of >60 mm/hr. was associ-
ated with treatment failure. The authors con-
cluded that lower ESR values at presentation may 
point toward a shorter duration of infection and 
thus better outcomes [7]. High CRP values 
(>100  mg/L) as a predictor of failure of DAIR 
has also been reported [8]. Other factors associ-
ated with treatment failure include history of 
rheumatoid arthritis, late infections after 2 years 
of arthroplasty, previously revised joint, two or 
more previous debridement procedures, and 
symptoms beyond 3 weeks [7].

The organism causing the PJI also has an 
impact on the overall chance of success of 
DAIR.  It has been shown that infection with S. 
aureus has higher risk of failure of DAIR (up to 
55% to 57%), while streptococcal infections had 
better outcomes [9, 10]. Coagulase-negative 
staphylococci are often associated with late 
chronic or clinically unapparent infections and 
are shown to have a better prognosis [11]. Apart 
from this, polymicrobial involvement, presence 
of bacteremia, multidrug-resistant organisms, 
fungi, Enterobacter, and enterococci have shown 
to have a poorer prognosis [6, 7].

DAIR can also serve as a symptom-alleviating 
surgery in patients with chronically infected 
implants with poor general condition and multi-
ple comorbidities who are unfit to undergo mul-
tiple and extensive revision surgeries. DAIR can 
be done during acute exacerbations in such 
patients to tide over the crisis, followed by long- 
term suppressive antibiotic therapy. The goal 

here is not to eradicate the infection completely 
but to choose the lesser evil.

27.3  Technical Aspects

Identifying the underlying organism causing 
infection is of utmost importance. It is advis-
able to withhold antibiotics at least 48 h prior to 
surgery and to aspirate the joint to identify 
organism prior to surgery [10]. The incision 
should incorporate the previous scar and should 
excise it along the margins. Standard median 
parapatellar approach is performed to enter the 
joint cavity. Any suture material not absorbed 
should be removed lest it may harbor infection. 
At least five intraoperative samples should be 
collected from all quadrants of the joint and 
should include the synovium, implant bone 
interphase, implant surface, synovial fluid, and 
granulation tissue [12]. The sample should be 
tissue samples rather than fluid specimens. 
(Fig. 27.1).

This is followed by radical synovectomy and 
debridement of all the nonviable and unhealthy 
tissue. It is often said that the debridement in an 
infected joint should be ruthless and the aim 
should be to leave no trace of tissue which can 
serve as a focus of infection. Infected hematoma, 
debris, and unhealthy tissue adjacent to the pros-
thesis should be excised till healthy bleeding 
base is reached. Care must be taken not to dam-
age any neuro-vascular structure. A meticulous 
curettage of the cement-bone interphase in 
cemented components and bone-implant inter-
phase in cementless implants is required. Any 

Fig. 27.1 Intraoperative image of multiple samples col-
lected in a case of PJI during the DAIR procedure
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removable part (polyethylene insert) needs to be 
taken out. (Fig. 27.2a–c). This allows access to 
the posterior part of the joint and aids in thor-
ough debridement of the surface under the metal 
base plate as well. Stability of the metal implant 
should be checked at this point. A thorough 
lavage with six to nine liters of normal saline 
solution should then follow. The previous insert 
should then be replaced with a new, thicker poly-
ethylene insert. Distention of capsule as a result 
of effusion in the infected knee leads to laxity 
and requires further soft tissue balance with a 
thicker insert. Retaining the polyethylene insert 
has been deemed as an independent risk factor 
for the failure of DAIR [13]. Thus, it can be 
inferred that patients having all- polyethylene 
tibial component may not be good candidates for 
DAIR.

Pulse lavage and irrigation with diluted povi-
done iodine solution (Fig. 27.3a, b) has shown to 
aid in the process of debridement with variable 

success. High pressure may spread infection to 
deeper regions and hence low-pressure pulse 
lavage is preferred [14]. Recently agents such as 
acetic acid, benzalkonium chloride, and chlorhex-
idine have also been used as antibiofilm agents 
which aid in disrupting the biofilm [15, 16].

Local antibiotic delivery system has shown 
some promising effects, with a premise of deliv-
ering high local concentration of antibiotics with-
out causing systemic side effects. Multiple local 
antibiotic delivery vehicles have been used for 
this purpose which include calcium sulfate pel-
lets or collagen fleece/sponges impregnated with 
antibiotics [7]. Their advantage is that they do not 
need surgical removal as they are absorbable. 
However, there are a few concerns such as excess 
wound drainage and their use needs to be investi-
gated further. Inserting catheters in the joint to 
facilitate intraarticular irrigation has been tried. 
However, there is the concern regarding sinus 
tract formation, and further evidence in the form 

a

c

b

Fig. 27.2 Intraoperative image during DAIR; median 
parapatellar approach used. (a) Thorough synovectomy, 
(b) meticulous debridement at the cement-bone inter-

phase, (c) polyethylene insert being removed and 
exchanged. It allows approach to posterior aspect of the 
joint
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of multicentric studies are needed [17]. 
Antibiotic- impregnated PMMA beads deliver 
local antibiotics until about 4–6 weeks after sur-
gery, but need another surgical intervention for 
its removal [18].

Use of arthroscopic lavage was investigated in 
acute PJI and it was found that arthroscopically 
treated joints had poorer outcomes and high fail-
ures [10]. Arthroscopy results in suboptimal 
debridement, inability to reach the posterior parts 
of the joint, and precludes exchanging polyethyl-
ene components. Hence, the use of arthroscopic 
lavage in the treatment of PJI is not advocated.

27.4  Use of Antibiotics

The use of antibiotics has been a controversial 
topic in the PJI management. Multiple studies 
recommend the duration of antibiotics from 
6 weeks to indefinite use [11]. It is believed that 
longer duration of antibiotic use is advisable in 
DAIR than in revision surgeries. However, the 
duration depends on the virulence of the caus-
ative microorganism, the need for repeat proce-
dures, and host factors including the immune 
status. Planktonic bacteria predominate in early 
phase of PJI, and thus need to be treated with 
2–6 weeks of intravenous antibiotics. After surgi-
cal debulking reduces bacterial load and IV anti-
biotics take care of the initial acute phase of 
infection, oral antibiotics with high oral bioavail-
ability and antibiofilm properties should be given 

for 3–6 months. Switching to oral antibiotics can 
help reducing the hospital stay, associated com-
plications, and overall healthcare cost [18]. In 
patients who cannot undergo any further surgical 
intervention, owing to medical comorbidities and 
high anesthesia risk, chronic suppressive antibi-
otic therapy should be given [11].

As discussed earlier, the antibiotics should be 
stopped at least 48  h before debridement and 
joint should be aspirated preoperatively and tis-
sue should be sent for culture sensitivity. This 
gives surgeon an idea about the causative organ-
ism and its drug sensitivity. Intraoperatively, 
once all the samples are collected, antibiotics 
can be administered as per the previously 
obtained culture reports or any broad-spectrum 
antibiotics be started as per national/institutional 
protocols. This is continued till the final report of 
drug sensitivity is obtained and then the antibi-
otic can either be changed or continued as per 
the culture reports.

As implants are retained in DAIR, it is but 
natural to expect some residual biofilm remnants 
even after thorough debridement. Thus, any anti-
biotic which is chosen should have high antibio-
film activity. Rifampicin has emerged as an 
antibiotic with indisputable antibiofilm activity. 
Apart from staphylococci, rifampicin in combi-
nation with other antibiotics has also shown to 
lower the rate of failure in early Enterococcus sp. 
infections treated with DAIR.

However, rifampicin should never be used as a 
monotherapy for the fear of rapidly developing 

ba

Fig. 27.3 (a) Use of diluted betadine and hydrogen peroxide in normal saline for local irrigation. (b) Intraoperative 
image showing use of pulse lavage for thorough irrigation
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drug resistance. It is always administered in a 
combination with other antibiotics [19]. Also, it 
should only be used when the bulk of bacterial 
load has been debrided surgically, and there is no 
discharging sinus. Inadequate debridement and 
inadequate use of IV antibiotics are independent 
risk factors for developing rifampicin resistance 
[20]. However, in Asian and African countries, 
rifampicin is kept as a reserve antibiotic for com-
bination chemotherapy in tuberculosis.

The fluoroquinolones (FQ) like ciprofloxacin 
with good oral bioavailability, optimal diffusion 
into synovial fluid and musculoskeletal tissue, 
and antibiofilm activity have become an essential 
part of antibiotic management in PJI especially in 
gram-negative (GN) infections. A combination of 
an FQ with rifampicin is considered optimum 
when the organism is sensitive [21].

In case of S. aureus and coagulase-negative 
staphylococci, rifampicin with a combination of 
an intravenous agent, either a beta lactam or gly-
copeptide (vancomycin, teicoplanin), is given for 
the initial 2–6 weeks followed by a combination 
of rifampicin with a fluoroquinolone for 6 
months.

Incorrect antibiotic selection is the most 
important predictor of late failure after DAIR, 
and hence, antibiotic treatment should be care-
fully planned. Therapeutic response can be 
judged using erythrocyte sedimentation rate 

(ESR) and C-reactive protein. However, some 
studies have deemed CRP as unreliable [8].

27.5  Results of DAIR

DAIR has shown to have variable success rates 
ranging from 9% to 90% [5, 22]. The recent lit-
erature has reported better outcomes than what it 
had been two decades ago even for the studies 
carried out in the same institutions [5]. This per-
haps can be attributed to a better understanding 
of the disease process, pathogenesis of biofilms, 
well-developed antibiotic treatment regimens, 
and advances in surgical techniques. Treatment 
of PJI with DAIR is considered successful by 
most of the studies if there is no evidence of 
infection at 2  years post-surgery with retained 
prosthesis and no requirement of suppressive 
antibiotics [5, 7] (Fig. 27.4a–c).

Various important studies conducted over the 
last decade and their results are summarized in 
Table 27.1.

Our series of DAIR in PJI consisting of 42 
patients (24 hips and 18 knees) with an average 
follow-up of 3.2 years (range 2 years to 15 years) 
had a success rate of 76.2%. It was found that 
coagulase-negative staphylococcus was the most 
common organism responsible, infecting a total 
of 19 cases. Patients with high risk of anesthesia, 

a b c

Fig. 27.4 (a) AP and lateral radiographs of a case of 
54-year-old patient, treated with sequential bilateral total 
knee arthroplasty. Left side was diagnosed with PJI. (b) 
The patient was treated with DAIR and absorbable 

antibiotic- loaded calcium sulfate beads were inserted 
locally. Polyethylene exchange was done. (c) 4-year fol-
low- up radiograph of the same patient with successful 
outcome with no evidence of recurrence
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i.e., having high ASA grade, had poorer out-
comes. It was also observed that infections of the 
knee had poorer outcomes as compared to those 
involving the hip.

27.6  Failure of Treatment

The failure of DAIR can be divided into two 
groups, namely early failure and late failure.

Early failure mainly occurs due to inability to 
achieve infection control. This is characterized 
by need for unscheduled surgery, death due to 
infection within the first 60  days after debride-
ment, or the need for chronic suppressive antibi-
otic treatment [25]. Requirement of repeat DAIR 
procedure is not considered as a failure [26]. Late 
failures are the ones in which infection relapses 
after apparent good initial response.

Although controversial, a repeated surgical 
debridement may be attempted after an early fail-
ure. There are studies which deem requirement of 
second debridement as a risk factor for failure 
[27], while some studies do not [7, 28]. It has been 
found that an optimum number of debridement 
procedures are two or three as four or more 
debridement procedures have poor outcomes [29].

An exchange surgery after removing the 
implant is the natural choice when facing a late 
infection relapse. Some early failures can also be 
treated with this strategy if risk factors associated 
with DAIR failure are present [18].

There are multiple factors which are found to 
be associated with treatment failure. These include 

high level of CRP (>100 mg/L), more than 2 DAIR 
 procedures, infection with E. faecalis [26], staphy-
lococci and resistant gram-negative bacteria, 
infection within 25 days of arthroplasty [27], long 
duration of symptoms before treatment, and inef-
fective and empirical use of antibiotics [26].

In an effort to accurately predict the probability 
of success and thus helping decide on the best 
course of treatment, some authors have tried to 
come out with prognostic preoperative scores. 
KLIC score was developed to predict the likelihood 
of successful outcome of DAIR in early acute PJIs 
[25]. KLIC score stands for kidney, liver, index sur-
gery, cemented prosthesis, and C-reactive protein 
value, and it ranges from 0 to 9.5. The KLIC scor-
ing system is summarized in Table 27.2.

Patients with scores of ≤2, >2–3.5, 4–5, 
>5–6.5, and ≥7 had failure rates of 4.5%, 19.4%, 
55%, 71.4%, and 100%, respectively. Overall 
KLIC score ≥4 indicates a 60% chance of failure 
[25]. The limitation of KLIC scoring system is 
that it is intended to predict failure of DAIR in 
early acute PJIs [<90 days after index surgery), 
and the same scoring system will not be useful 
for predicting failures in late acute PJIs (resulting 
after 3 months).

This deficiency was addressed by the advent 
of CRIME-80 score, intended to prognosticate 
failure of DAIR in late acute PJIs (>3  months 
after index surgery). The components of the 
CRIME-80 score are summarized in Table 27.3.

CRIME-80 score of −1 had 9% chance of fail-
ure, 0 had 19%, 1–2 had 37%, 3–4 had 59%, and 
≥5 had 67% chance of failure of DAIR [30]. 

Table 27.1 Outcome of DAIR in literature (Staph-Staphylococcus, ASA-American Society of Anaesthesia Grading, 
CoNS-Coagulase Negative Staphylococcus)

Study Joint
No of cases 
(hips)

F/Up/years 
(range)

Success 
%

Most common 
organism (%) Predictors of poor outcome

Azzam et al. 
2010 [23]

Hip/
knee

106 (53) 6 (2–10) 66% Staph (46) Staph, High ASA, frank pus

Buller et al. 
2012 [24]

Hip/
knee

309 (62) 3 (0–13) 52% CoNS (20) Symptoms >21d, Staph

Kuiper et al. 
2013 [7]

Hip/
knee

91 (62) 3 66% CoNS Rheumatoid arthritis, 
ESR > 60 mm/h at presentation,
Late infection (>2 years)

Tornero et al. 
2015 [25]

Hip/
knee

222 (87) 0.2 77% CoNS Kidney/liver failure, Revision 
surgery, CRP, Cemented implant

Ottesen et al. 
2019 [5]

Knee 58 (0) 2 84% Staph aureus Revision after 90 days of 
primary TKA
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Thus, it was recommended that patients with 
CRIME-80 scores ≥3 should be treated with 
implant removal, while those with score <3 can 
be treated with DAIR [31].

27.7  Future Perspective

The goal of our future strategy in the treatment of 
PJI is obviating the need for surgical debridement 
and revision surgeries. As this mainly depends on 
susceptibility of the biofilm to various treatment 
modalities, the strategy should be to destroy the 
biofilm when it is young and susceptible rather 
than allowing it to get matured and get resistant. 
Various antibiofilm agents are being investigated 
which include chlorhexidine, benzalkonium 
chloride, and acetic acid. As rifampicin and fluo-
roquinolones are the only reliable antibiofilm 
agents, there is an urgent need to come up with 
newer drugs. Chitosan, an antimicrobial peptide 
with a broad spectrum of activity against micro-
organisms while sparing body cells, is showing 
promising results [18]. These peptides exhibit 
fast killing even at lower concentrations and very 
low tendency toward developing of drug resis-
tance. If we are able to achieve in vivo biofilm 
destroying effects of these drugs, it will greatly 
reduce the number of revision surgeries required 
to be performed.

27.8  Summary

Accurate case selection, identification and antibi-
otic sensitivity testing of the involved microor-
ganism, meticulous debridement, and tissue 
handling along with exchange of the removable 
components and adequate postoperative antibio-
film antibiotic therapy hold the key for a success-
ful DAIR.  DAIR can also serve as a 
symptom-alleviating surgery in patients with 
chronically infected implants with poor general 
condition and multiple comorbidities during 
acute exacerbations to tide over the crisis, fol-
lowed by suppressive antibiotic therapy.
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28.1  Introduction

A periprosthetic joint infection (PJI) after total 
knee arthroplasty (TKA) is a catastrophic com-
plication. Fortunately, PJIs are relatively rare, 
with pooled International Registry data suggest-
ing a risk of 1.03% following primary TKA [1]. 
The demand for TKA is expected to increase by 
673% from the early 2000s to 2030, and this can 
be attributed to obesity, aging, and a more active 
population [2–4]. The financial burden PJIs have 
on healthcare systems around the world is 
immense. It has been reported that the annual 
cost of infected revisions was expected to exceed 
a minimum of $1.6 billion in the USA by 2020 
[5]. In reality, this cost is a gross underestimation 
as it only considers the direct hospital costs, 
without considering indirect costs such as loss of 
work and burden to primary care [3]. The cost of 
revision TKR for PJIs can reach up to four to five 
times the cost of aseptic loosening revisions and 
can lead to a total loss to some institutions which 
receive a fixed payment for certain procedures [6, 
7]. Revision TKA for PJI has a greater mortality 
risk compared to revision TKA for aseptic fail-
ure. The mortality resulting from PJI is compa-
rable to various common cancers [8]. The 

treatment of PJI involves a multidisciplinary 
approach involving specialist revision arthro-
plasty surgeons, microbiologists, physiothera-
pists, and of course, the patient. In our institution, 
we adopt such an approach in all our peripros-
thetic infections, and we follow strict pathways in 
optimizing these patients to produce excellent 
outcomes [9]. There is also evidence to suggest 
that treatment in a specialized arthroplasty center 
under the care of high-volume surgeons posi-
tively influences clinical outcomes [10–12].

The management of deep infections post- 
arthroplasty involves antibiotics and surgical 
intervention. Surgical intervention consists of a 
DAIR (debridement, antibiotics, and implant 
retention) procedure, a single-stage revision 
arthroplasty, or a two-stage revision arthroplasty 
or excision arthroplasty [13].

A two-stage revision is generally shown to be 
successful with a 90% success rate of infection 
clearance [14–17]; however, the drawbacks are it 
exposes patients to two separate procedures. 
There is the added financial burden on the hospi-
tal and patient through a lack of earning waiting 
between procedures [6, 18]. Single-stage revision 
presents itself as a useful alternative as there is a 
single operation, a smaller antibiotic window, 
and a smaller financial burden [19].

In this chapter, we will discuss the classifica-
tion and diagnosis of PJI, the surgical technique 
for a one-stage revision procedure, the advan-
tages of a one-stage revision TKA, and the indi-
cations for the procedure.
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28.2  Pathogenesis and Diagnosis 
of PJIs

The vast majority of PJIs occur within 1  year 
postoperatively and are attributed to three modes 
of inoculation [20]. The most common cause of 
infection is the introduction of microorganisms 
during surgery either by direct contact or via 
aerosols colonizing the prosthesis [20]. PJI may 
also be secondary to hematogenous spread from 
other systems such as the respiratory or renal sys-
tems. Lastly, PJI can originate from adjacent 
sources of infection such as infected soft tissue 
and osteomyelitis [21].

Typically, the organisms that colonize the 
prosthesis are grouped as ESKAPE organisms 
(Enterococcus faecium, Staphylococcus Aureus, 
Klebsiella pneumoniae, Acinetobacter bauman-
nii, Pseudomonas aeruginosa, and Enterobacter 
species) as well as Cutibacterium acnes, which is 
a low-virulence pathogen and coagulase-negative 
Staphylococci epidermis. Fungal species such as 
candida can also colonize the prosthesis [22]. 
The most commonly implicated microorganisms 
are Staphylococcus Aureus and Staphylococcus 
Epidermis in both Europe and the USA [23].

The colonization of the prosthesis occurs 
through four stages: firstly, the single planktonic 
organisms adhere to the surface of the prosthesis 
[24]. They then form a complex community of 
microorganisms encased in an extracellular poly-
meric substance (EPS) known as a biofilm [25]. 
The biofilm then matures to form individual 
microenvironments and tolerant phenotypes; 
once matured, the biofilm disperses [22].

PJI can be broadly classified into early 
(<4  weeks post-surgery), delayed (4  weeks–
24 months post-surgery), or late (>24 months post-
surgery) infection [26]. Early infections classically 
manifest with acute pain, warmth, erythema around 
the joint, and a fever and are typically caused by 
highly virulent organisms such as Staphylococcus 
aureus and gram- negative bacilli [27]. Patients 
with delayed infection commonly present with 
more subtle symptoms such as persistent joint pain 
or early loosening of the components. Delayed PJI 
presentations can be difficult to differentiate from 
aseptic failure and are most commonly caused by 
less virulent organisms [27]. Late PJIs characteris-

tically present as subacute infections or with a sud-
den onset of systemic symptoms and frequently 
originate from bacteria from the skin, respiratory 
tract, urinary system, or dental tract [28].

28.2.1  Diagnosis

The clinical presentation of PJIs varies depend-
ing on the microorganism causing the infection 
[20]. Typically patients will present with pain, 
swelling, warmth around the joint, and a reduced 
range of movement [29]. Pyrexia is common in 
patients with a systemic or acute hematogenous 
infection, but is rare in the majority of localized 
joint infections. Staphylococcus aureus-based 
PJIs have been reported to form a sinus tract 
between the prosthesis and the skin [30].

C-reactive protein (CRP) is an important blood 
marker, alongside the serum erythrocyte sedimen-
tation rate (ESR) to aid a diagnosis. These simple 
blood tests are baseline investigations that are 
done routinely in most centers due to their high 
sensitivity, specificity, as well as being a low-cost 
measure [31]. A raised CRP above 10 mg/L has 
sufficient specificity to be associated with a PJI; it 
cannot alone be used to diagnose an infection, but 
should prompt the clinician to consider a PJI if the 
CRP is elevated [32]. Peripheral white cell count 
may also aid diagnosis, but it has been shown to 
be less sensitive than the ESR and CRP; full blood 
count is not useful and not included in the current 
definition of PJIs [33].

Plain film imaging (Fig. 28.1a, b) in suspected 
PJI cases is useful as it allows identification of 
potential loosening of the prosthesis, malposition-
ing, periosteal reactions, periprosthetic fractures, 
and also osteomyelitic changes that can accom-
pany PJI [20]. Advanced nuclear imaging modali-
ties can also be used such as positron emission 
tomography (PET), computer tomography (CT), 
magnetic resonance imaging (MRI), or bone scin-
tigraphy. They are not routinely used due to inad-
equate specificity and increased costs [34, 35].

When clinically suspicious of a knee PJI, a 
synovial sample should be taken and the sample 
should be analyzed in the microbiology labora-
tory. The sample should be assessed for total cell 
count and leukocyte count; crystal analysis 
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should be done if clinically indicated [36]. Most 
importantly, the sample should be cultured for 
aerobic and anaerobic organisms; prolonged cul-
turing for 14 days has yielded an infection in a 
significant amount of periprosthetic infections 
[37]. Culturing is paramount for the analysis of 
the causative agent; it dictates the type of proce-
dure undertaken [38].

28.3  Classification

Even with a comprehensive method of investiga-
tion for PJIs no single test provides absolute 
accuracy in diagnosing it. The classification of a 
PJI has come under deliberation many times and 
previous guidelines attempted to compartmental-
ize whether an infection is acute or chronic [39]. 
However, in clinical practice experiences suggest 

that categorization of a PJI is not binary and these 
classifications suffered as they failed to take into 
account variations in geographical practice and 
centers using more expensive testing not yet 
available globally [40].

Recently, the European Bone and Joint 
Infection Society (EBJIS) created a more 
 versatile classification system drawing upon the 
work from previous groups such as the 
Musculoskeletal Infection Society (MSIS), the 
Infectious Diseases Society of America (IDSA), 
and the International Consensus on 
Musculoskeletal Infection (ICM). This definition 
does not distinguish PJI on the basis of time 
(acute or chronic), but uses a tier system that 
takes into account clinical features, laboratory 
tests, and imaging. It provides a system which 
breaks the infection possibility into: “unlikely, 
likely, and confirmed” (Table 28.1) [41].

a b

Fig. 28.1 (a, b) Plain radiograph for total knee replace-
ment with periprosthetic joint infection. (a) Weight bear-
ing AP view showing loosening under the tibial tray on 

the medial side. (b) Lateral radiograph of the knee show-
ing some loosening under the tibial tray anteriorly

28 Single-Stage Revision TKA for Periprosthetic Joint Infection: The New Gold Standard
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Table 28.1 EBJIS criteria for the diagnosis of clinically suspected prosthetic joint infections
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28.4  Indications of Single-Stage 
Revision TKA

The popularity of single-stage revision for PJI of 
the knee has increased in recent years. This has 
been driven mainly by studies that report compa-
rable [42, 43] or better [14, 44] outcomes with 
single-stage revision compared to two-stage revi-
sion TKA, with respect to morbidity, mortality, 
and socioeconomic burden. Where a strict patient 
selection criterion is met, excellent, infection- 
free outcomes have been seen with single-stage 
revision. Haddad et al. reported, in a study involv-
ing 28 patients who underwent single-stage revi-
sion TKA for chronic infection, a 0% infection 
rate at 3  years follow-up [14]. A strict patient 
selection criterion has also proven successful for 
single-stage revision total hip arthroplasty (THA) 
[45]. Furthermore, studies have shown that the 
microbiological profile plays an important role in 
the outcome of one-stage revision arthroplasty, 
with polymicrobial infections, gram-negative 
bacterium, and atypical infections rendering 
poorer outcomes [46, 47]. Despite these findings, 
the ENDO-Klinik, where a large number of 
single- stage revision arthroplasty procedures are 
performed, does not consider these factors abso-
lute contraindications and still produces encour-
aging long-term outcomes [48].

Local and host factors have been shown to 
influence the outcomes of single-stage arthro-
plasty. A study involving 18 patients who under-
went single-stage revision TKA reported an 
infection eradication rate of 94% [49]. The host 
profile in this cohort matched the indication crite-
ria for single-stage revision arthroplasty set by 
the International Consensus Group in 2013—
which included the absence of patients with fea-
tures of systemic sepsis and whereby there was 
gross soft tissue inflammation. Moreover, in a 
study by Wolf et  al., the McPherson classifica-
tion, a system-based on host and local factors was 
used to classify their patient cohort. The study 
found superior outcomes using two-stage vs 
single- stage revision THA in patients with sys-
temic symptoms (95% vs 33% eradication) and 
in patients with local bony and soft tissue com-

promise (95% vs 0% eradication) [50]. Although 
this study looked at revision THA, the same fac-
tors can affect the outcomes of revision TKA due 
to infection.

Soft tissue compromise and sinus tracts have 
been linked to more negative outcomes [51]. In a 
study involving single-stage revision THAs, 27% 
(6 of 22) of those patients who had a fistula devel-
oped a subsequent reinfection [52]. Disparately, 
Jenny et  al. reported in a study of single-stage 
revision TKAs an 87% infection eradication rate 
at 3 years follow-up despite 43% of the patient 
cohort presenting with a sinus [53]. Therefore, it 
can be advocated that a discharging fistula is not 
an absolute contraindication for single-stage 
revision TKA.

The only case–control study to analyze fac-
tors associated with failed single-stage revisions 
in carefully selected patients comes out of the 
ENDO-Klinik [54]. Authors analyzed a compre-
hensive list of variables in 109 patients with 
single- stage revisions for infection that required 
subsequent re-revision over a 9-year study 
period. Binary logistic regression revealed that a 
history of a single-stage exchange for infection, 
two- stage exchange for infection, isolation of 
Enterococcus, and isolation of Streptococcus 
were risk factors of re-revision for infection. 
The same risk factors were identified for re-revi-
sion for any reason with the exception of 
Streptococcus.

28.5  Relative Contraindications 
of Single-Stage Revision TKA

As single-stage revision involves just one proce-
dure; patient selection is paramount for it to suc-
ceed. To aid selection, Oussedik and Haddad 
outlined some features that contraindicate single- 
stage revision surgery. If any of these contraindi-
cations are present, it is best to not proceed with 
a single-stage revision, or to have a backup plan 
available [45]. Antibiotics can be delivered into 
the joint through calcium sulfate beads as an 
alternative to cement in the presence of infection, 
bone loss or non-union [55, 56].
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Local complications Significant compromise to 
soft tissue
Significant loss of bone 
precluding cement 
reconstruction
Peripheral vascular disease

Contraindications due 
to host

Immunosuppression
Reinfection
Systemic disease
Concurrent sepsis

Contraindications due 
to microorganisms

Polymicrobial organisms
Multiresistant organisms 
(MRSA)
Unusual commensals
Unusual resistance profiles
Unidentified infective 
organisms

28.6  Surgical Technique

Single-stage revision TKA includes the excision 
of all foreign material, aggressive debridement, 
and the reimplantation of a new prosthesis within 
the same procedure.

The procedure has largely remained 
unchanged since its conception in the late 1970s 
[46], and there have been articles which have 
detailed this method [49, 57]. George and Haddad 
in 2017 provided a comprehensive breakdown of 
this operation into four stages of the surgical 
technique: (1) preparation, (2) initial debride-
ment, (3) “time-out,” and (4) prosthesis implanta-
tion [58].

The preparation aspect involves proper posi-
tioning of the patient with the knee flexed. A 
tourniquet can be applied and inflated depending 
on surgeons’ choice. The surgical site should be 
devoid of hair, and a “social cleaning” of the 
operative field should be done. Necrotic tissue is 
removed prior to definitive preparation of the sur-
gical field [58]. Preparation of the surgical field 
should encompass the area from the tourniquet 
site down to the ankle and the patient should be 
draped from mid-femur to mid-tibia.

The incision should try to make use of the pre-
vious surgical site [59]. Any sinus tracts should 
be excised to prevent a recurrent infection, and 
this needs to be taken into consideration when 
planning the incision. To maintain vascular integ-

rity, full thickness fasciocutaneous flaps should 
be created [60]. Extensive debridement of any 
necrotic or infected tissues should occur to the 
point of that only healthy, bleeding tissue is left. 
Numerous samples (a minimum of five) should 
be taken and sent to the microbiology laboratory 
for analysis, with the location of the sample 
clearly labeled [58]. Once the samples have been 
taken, parenteral antibiotics should be adminis-
tered according to the pre-operative plan made 
with the microbiology team [14]. Revision sur-
gery for infection requires a systemic and thor-
ough debridement with a complete synovectomy 
in order to allow for the eradication of infection 
and exposure to the previous prosthesis. The 
prosthesis should be removed alongside the 
cement (Fig. 28.2a, b). Sequential reaming using 
a guide wire is required in the majority of patients 
due to collections of sclerotic bone in the intra-
medullary canal. Reaming should be to the point 
of bleeding from cancellous bone. After gross 
debridement, chemical debridement should be 
performed with 12 liters of warmed 0.9% sodium 
chloride. Brushes are used for debridement of the 
femoral and tibial canals to remove any excess 
nonviable tissue which in turn reduces the bacte-
rial bioburden [61]. An aqueous iodine solution 
can be poured into the wound and left for a few 
minutes. Allowing it to settle will allow iodine to 
have a sufficient antimicrobial activity [62].

The “time-out” phase involves the temporary 
closure of the wound and re-draping for the 
implantation of the new prosthesis. The wound 
edges are approximated with a continuous 
 non- absorbable suture such as nylon, and a new 
antimicrobial drape should be used to cover the 
wound. All potential contaminants within the sur-
gical field must be cleared and then a new set of 
surgical equipment is brought into theaters as 
well as re-scrubbing of the surgical team and re- 
draping of the patient (Fig. 28.3a, b). The wound 
is then opened and sutures are removed and the 
wound undergoes a further washout in prepara-
tion for the prosthesis implantation. Antibiotics 
used at induction should be re-administered. The 
new prosthesis is then implanted and topical anti-
biotics given as per the pre-operative microbiol-
ogy advice. In knee revision surgery, it is 
important that topical antibiotics are added to 
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cement powder during the mixing phase as well 
as addition of these antibiotics to calcium sulfate 
beads [17, 58, 63, 64]. After the cement has set 
and polyethylene insert has been placed, the sur-

gical field should undergo a further washout. 
Drains can be inserted at the choice of the sur-
geon and a watertight closure should be per-
formed. Postoperatively the patient should 

a b

Fig. 28.2 (a, b) Clinical images for an infected TKR with (a) implant before removal and debridement, (b) bone sur-
faces after removal of implant and wound debridement followed by washout

a b

Fig. 28.3 (a, b) Draping before and after debridement. (a) Initial draping for removal of the implants and washout. (b) 
Second draping before reimplantation
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continue with antibiotics tailored to the cultures 
taken intraoperatively for at least 6 weeks after 
the surgery [14].

28.7  Advantages of Single-Stage 
Revision

The inherent advantage of a single-stage revi-
sion over a two-stage revision is that the explan-
tation of the old prosthesis and reimplantation 
of the new prosthesis occur in one procedure, 
thus evading the risk associated with multiple 
operations, lower inpatient stay, and reduced 
costs [65, 66].

It has been implied that range of motion is 
increased and arthrofibrosis reduced in PJI 
treated with a single-stage revision compared to a 
two-stage procedure [67]. Although there have 
been no studies that test this hypothesis, this fore-
cast could have been made from functional scores 
postoperatively [68]. There have been studies 
that have shown improved function after a single- 
stage revision TKA compared to a two-stage 
revision [14, 44, 69]. In a study involving 102 
patients who underwent revision surgery for 
chronic knee PJI, there were fewer postoperative 
complications encountered with patients who had 
a single-stage revision [14]. Additionally, none of 
the patients who had a single-stage revision TKA 
in this study cohort went on to develop a further 
infection, compared to 6.8% of patients who 
underwent a two-stage revision who later devel-
oped an infection. Furthermore, Knee Society 
Scores (KSS) were higher in the single-stage 
group [14]. Moreover, a more recent study 
involving 185 consecutive revision TKA proce-
dures for chronic PJI showed that there were sig-
nificantly higher patient-reported outcome 
measures (PROMs) associated with single-stage 
revision TKAs [44]. A meta-analysis conducted 
comparing the reinfection rates post-one-stage 
and -two-stage revision TKA shows a lower rate 
of reinfection with one-stage revision procedures 
compared to two-stage (7.6% vs 8.8%) [70]. 
Additionally, the durability of one-stage revi-
sions showed promising results in a recent study 
reporting on 10-year data [48].

Despite the success seen with single-stage 
revision TKAs as an alternative to the conven-
tional two-stage revision, it is imperative to 
understand that single-stage revision surgery 
requires meticulous pre-operative planning and 
careful patient selection. For example, it is vital 
to pre-operatively identify the bacterium respon-
sible for the PJI so that a specific local and sys-
temic antibiotic regime can be constructed [14, 
45, 71].

28.8  Summary

Prosthetic joint infections are a debilitating and 
costly complication associated with joint replace-
ment surgery. Single-stage revision surgery is an 
often-overlooked alternative to the gold standard 
two-stage revision procedure; it should be con-
sidered in carefully selected patients. If chosen 
correctly patients evade the risk of multiple sur-
gery, reduce their inpatient stay, as well improve 
their functional outcomes during rehabilitation. 
This chapter gives an outline on prosthetic joint 
infection, the pathogenesis, and the diagnosis as 
well as highlights patient inclusions and the main 
stages in single-stage revision procedure.
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29.1  Introduction

Prosthetic joint infection (PJI) following a pri-
mary or revision total knee replacement (TKR) 
has been the scourge of patients and surgeons 
over the years. The adage ‘prevention is better 
than cure’ holds supreme merit in tackling this 
complication. However, despite best efforts, 
infections still occur in 0.5–1.9% of primary 
TKRs and 8–10% of revision TKRs [1–3]. The 
manner in which a PJI develops on an implant 
surface makes it unresponsive to systemic 
antibiotics.

Once the diagnosis has been ascertained, the 
surgical options range from debridement, antibi-
otics and implant retention (DAIR) to one or two 
staged revision surgery. TKRs with recalcitrant 
and recurring infections warrant salvage proce-
dures like resection arthroplasty, arthrodesis and 
finally, above-knee amputation.

In this chapter, we shall discuss revision sur-
gery for an infected TKR including the princi-
ples, and discussion of one and two staged 
surgery, the authors’ preferred technique for the 
first stage of a two-stage revision and results of 
surgery.

29.2  Burden of the Problem 
and the Role of Joint 
Registries

While TKR is perceived by patients and health-
care professionals to be a routine elective proce-
dure, the occurrence of a PJI can result in undue 
patient anxiety and distress, pain, delayed reha-
bilitation, longer hospital stays, higher costs and 
morbidity. To understand the economic and soci-
etal burden of PJIs, it is important to define its 
incidence, prevalence and usual outcome.

Reports on early infection rates following pri-
mary TKR are mainly from either single centre 
or multi-institution regional publications and 
have shown an incidence of approximately 0.4% 
[4]. However, with the growing numbers of these 
procedures being carried out worldwide, there is 
a global burden of disease that should be cata-
logued. This will allow for a broader view on the 
incidence of PJI following TKR and the cate-
gorisation of important and perhaps modifiable 
risk factors. What complicates matters further is 
the inadequate reimbursement to hospitals for 
the management of these complex cases [5]. 
Current UK tariffs, for example, do not fully 
reimburse the higher costs of providing a revi-
sion knee surgery service, particularly in infected 
cases. These losses may adversely affect the pro-
vision of revision surgery for infection in the 
future [6].

Most developed counties now have national 
registries for capturing primary joint replacement 
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and revision data (e.g. National Joint Registry for 
the UK). These may prove to be pivotal in provid-
ing information on the epidemiology of patients 
undergoing TKR and implant failure mecha-
nisms. International registries such as those from 
Australia, New Zealand, Sweden and Europe 
provide a large, consistent source of reliable data. 
Results are published annually and provide con-
tinuous feedback to clinicians as to the perfor-
mance of a particular implant or hospital. This in 
turn allows for centres that are outliers, both good 
and bad, to be recognised. Good practice is repli-
cated whereas underperforming units are investi-
gated, thus enhancing overall delivery of surgical 
management. The ability to link the registry data 
to patient-reported outcome measures (PROMs) 
as well as other population-based data sources, 
enhances their utility for monitoring outcomes 
and trends.

Registry data however has its limitations: the 
data sets are not validated, interpretation can be 
confounded by variables not collected by the reg-
istry and causal relationships cannot be drawn. 
Any trends identified by such data should be used 
as a trigger for further study rather than as a rigid 
conclusion [7].

Other sources of data include administrative 
databases such as the Hospital Episode Statistics 
(HES) in the UK, and the National Hospital 
Discharge Survey (NHDS) and Nationwide 
Inpatient Sample (NIS) in the USA.  These 
administrative databases collect a host of infor-
mation including demographic, procedural and 
complication data, and, in particular, the reim-
bursement costs related to the episodes of care, 
thus allowing for an analysis of the economic 
impact of PJI and related complications.

29.3  Classification

PJIs are typically classified into early and late 
infections. The rationale for this distinction is 
based on the premise that biofilm formation by 
the offending organism on the prosthetic surface 
takes about 3–4  weeks to form [8], although, 
some authors suggest that biofilm formation can 
even occur in a matter of a few days [9–11].

It is useful to determine the time duration 
between the TKR and onset of symptoms, as this 
aids in deciding the nature of intervention. This 
time interval was defined as 4  weeks by 
Tsukayama et al. for PJIs in the hip [12], although 
other authors define this as 3 weeks [13–16].

Early PJIs are those occurring within 
3–4 weeks of TKR. Those occurring beyond this 
timeframe are labelled as late/chronic PJIs. A 
unique type of PJI is one which is acquired by 
haematogenous seeding of the prosthetic joint 
from a distant infective focus, where there is an 
acute onset of symptoms in a previous well- 
functioning prosthetic joint. In such cases, the 
duration is determined from the date of onset of 
symptoms related to the distant infective focus or 
sepsis. Thus, even a late haematogenous infec-
tion of the prosthetic joint (occurring more than a 
month after surgery) can be classified as an early 
PJI. Typically, an early PJI is treated with DAIR 
and exchange of modular parts, whilst a late PJI 
warrants removal of the fixed prosthesis [8].

Another classification system proposed by 
Senneville et  al. prioritises the duration of PJI 
symptoms rather than the timing of the infection 
[17]. In this system, an acute or chronic PJI was 
defined as the time from initiation of symptoms 
of infection to diagnosis of PJI, with 4 weeks as a 
cut-off. McPherson et al. described a staging sys-
tem for PJI emphasising on the importance of the 
timing of the infection, the clinical status of the 
patient and local factors around the knee [18].

With this background, it is important to under-
stand that these classifications offer general guid-
ance to managing PJIs and not specific treatment 
guidelines. The surgeon must endeavour to tailor 
the treatment specific to the clinical scenario at 
hand.

29.4  Diagnosis

The threshold for suspecting a PJI should be rela-
tively low, particularly in those patients with a 
history of wound discharge and comorbidities. 
Indeed, a PJI should be ruled out in all those pre-
senting with a painful TKR, even in the absence 
of typical signs of infection. These include rou-
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tine blood tests such as erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP) and 
joint fluid analysis for leucocyte and neutrophil 
counts, leucocyte esterase, interleukin-6, Gram 
stain and culture.

Although cultures may yield a negative growth 
in up to 45% of the cases, isolating an organism 
with antibiotic sensitivity studies means an 
appropriate antibiotic-loaded cement can be 
planned for use at the time of any proposed revi-
sion surgery [19]. It is recognised that long-term 
antibiotics before surgery may reduce the inci-
dence of positive cultures. The most common 
infecting organisms are Staphylococcus aureus 
and coagulase-negative staphylococci [20]. Intra- 
operative samples for microbiological studies 
should include tissue from multiple sites (between 
3 and 6) including the posterior capsule and the 
medullary canals of the femur and tibia [8].

The Musculoskeletal Infection Society has 
defined criteria for diagnosing a PJI [21]. This 
states that a definite PJI exists if any one of the 
following criteria are met:

 (a) There is a sinus tract communicating with 
the prosthesis; or

 (b) A pathogen is isolated by culture from at 
least two separate tissue or fluid samples 
obtained from the affected prosthetic joint; 
or

 (c) Four of the following six criteria exist:
 1. Elevated ESR and CRP,
 2. Elevated synovial leukocyte count,
 3. Elevated synovial neutrophil percentage,
 4. Presence of pus in the affected joint,
 5. Isolation of an organism in one culture of 

periprosthetic tissue or fluid, or
 6. Greater than five neutrophils per high- 

power field in five high-power fields 
observed from histologic analysis of peri-
prosthetic tissue at x400 magnification.

However, it must be noted that a PJI may be 
present even if fewer than four of these criteria 
are met.

Further, nuclear imaging modalities like bone 
scintigraphy, radio-isotope labelled leucocyte 
scan, single-photon emission computed tomogra-

phy with computed tomography (SPECT-CT) and 
18F-Fluorodeoxyglucose positron emission tomog-
raphy (18FDG-PET) are useful adjuncts, although 
these may not always be able to distinguish 
between infection and aseptic loosening [22].

29.5  Principles

For the purpose of this book chapter, we have not 
included a detailed discussion of the DAIR pro-
cedure as it will be covered elsewhere.

Once surgery has been contemplated, the sur-
geon must decide whether this should be performed 
as a one-stage or two-stage procedure (elaborated 
in Sect. 29.6). It must be considered that, on occa-
sion, it may become necessary to change the pre-
operative plan intraoperatively. For example, 
resorting to a two-stage procedure after encounter-
ing frank pus within the prosthetic joint, when a 
one-stage procedure was initially contemplated or 
other reasons such as extensive bone loss or soft 
tissue problems. The surgeon’s mind must be flex-
ible enough to accommodate a change in operative 
plan, should an unanticipated situation arise.

Aggressive irrigation and debridement are 
critical steps in revision for an infected 
TKR.  Previous surgical scars must be excised 
where possible. Sinuses, when present, must be 
excised down to their roots. While it is unclear as 
to which irrigation protocol produces best results, 
it is generally accepted to use about nine litres of 
irrigation fluid [23]. High-pressure pulsed lavage 
may help remove necrotic tissue rapidly, how-
ever, this may also result in loss of osteoporotic 
bone and seeding of organisms into deeper tissue 
[24]. Radical excision of all unhealthy tissue, 
membranes and cement is imperative. 
Differentiation between healthy bleeding tissue 
and unhealthy tissue may be aiding by debriding 
without an inflated tourniquet. The posterior cap-
sule may be neglected during debridement and 
this may be a source of re-infection.

While it is easy to approach the posterior cap-
sule if the fixed implants are removed as part of 
the procedure, this may not be so easy if a DAIR 
procedure is planned. In such cases, exchange of 
the plastic insert is indicated. This not only 
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improves access to the back of the knee, but also 
reduces the bioburden in a DAIR procedure.

Careful sampling of tissue for microbiological 
studies is vital. This should include samples from 
three to six sites (usually five samples) including 
the posterior capsule and intra-medullary canals 
of the femur and tibia [8].

Traditional wisdom has recommended that, 
the antibiotic used for surgical prophylaxis 
should be administered by the anaesthetist after 
tissue sampling is completed, as antibiotics may 
interfere with the potential growth of organisms 
on culture. The surgeon must make this clear to 
the theatre team prior to surgery. However, some 
recent literature has not found this to be an issue 
even when prophylactic antibiotics are adminis-
tered at the beginning of surgery.

The surgeon must attempt to provide the 
patient with a stable knee. The collateral liga-
ments may need to be sacrificed during debride-
ment, leading to further instability. A stable joint 
can be achieved by a cement spacer (either static 
or dynamic articulating types) or a semi- or fully 
constrained TKR prosthesis, depending on the 
stage of surgery being performed. Spacers help 
maintain joint space, prevent contractures, main-
tain joint motion (in the case of articulating spac-
ers) and elute antibiotics locally.

Antibiotics are administered to the patient in 
two ways—locally and systemically. If pre- 
operative antibiotic sensitivities are available, the 
relevant heat-stable antibiotic must be incorpo-
rated into the cement spacer/bone cement at the 
time of surgery. The general agreement on the 
duration of post-operative systemic antibiotics is 
between 4 and 6 weeks, with an initial 2 weeks of 
parenteral followed by oral antibiotics [13, 25]. 
The culture results from the intra-operative sam-
ples help guide antibiotic choice. This should 
preferably be done under consultation with a 
microbiologist or infectious disease specialist.

29.6  One-Stage Vs. Two-Stage 
Revision

The decision on whether to conduct a one- or 
two-stage revision must be based on the clinical 
condition of the patient, microbiological profile 

of the offending organism/s and surgeon exper-
tise. Historically, the two-stage revision is the 
most widespread technique in use in most cen-
tres. However, the one-stage revision has recently 
become popular given the purported benefits of a 
single surgical insult and the reported equivalent 
infection eradication rates.

29.6.1  One-Stage Revision

In a one-stage procedure, the existing prosthesis 
and cement are removed, the joint debrided fol-
lowed by immediate implantation of a new pros-
thesis as part of the same surgery. This procedure 
was originally described by Buchholz in the 
1970s, though reported only later in 1987 by 
Borden and Gearen [26].

The benefits of this philosophy according to 
the proponents include similar infection clear-
ance rates, a single surgery, shorter overall dura-
tion of antibiotics, avoidance of stiffness and 
arthrofibrosis and lower expense [27]. Most pro-
ponents recommend specific criteria for patient 
selection. The pioneering work in this regard 
comes from the Endoklinik. Haddad et al. have 
set out indications for a one-stage revision:

 1. Minimal bone loss.
 2. Immunocompetent patient without a septic 

focus elsewhere in the body.
 3. Pre-operative isolation of a single low viru-

lence organism amenable to antibiotic 
therapy.

Haddad et al. recommend a two-stage revision 
for patients that did not satisfy the above criteria 
or had contraindications for a one-stage revision, 
viz. poor soft tissue condition around the knee, 
unusual, multi-resistant or polymicrobial infec-
tions and sinuses communicating directly with 
the prosthetic joint [28].

Pre-operative sampling may be performed 
either by an aspiration or arthroscopy. During the 
surgery, the existing implants and cement are 
removed. These are often loose in the presence of 
infection. Tissue samples are taken, and irrigation 
and debridement are performed. The authors can-
not emphasise strongly enough the vital impor-
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tance of a meticulous surgical, mechanical and 
chemical debridement as the key component that is 
linked to successful eradication of the infection.

After this step, the proponents recommend 
that the knee is packed with swabs (usually with 
Chlorhexidine or similar solution), closed loosely 
and bandaged. At this juncture, the surgical team 
re-scrub and the patient is re-draped. A new ster-
ile set of instruments are introduced.

After this the team proceeds with a single- 
stage implantation usually with antibiotic-laden 
cement [27, 29].

29.6.2  Two-Stage Revision

The two-stage philosophy is widely regarded as 
the gold standard for revision TKR for PJI [30–
32]. This was initially described by Insall et al. in 
1983 and later modified to include the use of 
spacers [33–35].

This approach entails a first stage consisting 
of radical debridement, prosthesis removal, tis-
sue sampling and spacer insertion. The antibiotic 
used in the spacer is tailored as per the pre- 
operative culture results.

The spacer maintains joint space, prevent con-
tractures, maintains joint motion (in the case of 
articulating spacers) and elute antibiotics locally. 
In the interim, the patient receives appropriate 
systemic antibiotics for 6–8 weeks, guided by the 
intra-operative cultures. For severe infections, re- 
revision procedures or where the ligaments have 
to be sacrificed to obtain a thorough clearance the 
authors prefer a static spacer using an intra- 
medullary nail and antibiotic-loaded cement.

This is followed by the second stage of pros-
thesis re-implantation, along with repeat debride-
ment and tissue sampling to help guide 
post-operative antibiotics, if need be.

The use of surrogate markers for infection 
(CRP and ESR) in the period following the first 
stage is beneficial in guiding the timing for the 
second-stage surgery. However, it is recom-
mended that surgeons also rely on clinical fac-
tors, such as satisfactory healing of the wound to 
determine the appropriate time of the second 
stage. Some centres perform a repeat knee aspira-
tion prior to the second stage [36–38].

A special mention must be made about PJI 
with fungal organisms. These are difficult to 
treat. In the authors’ experience these should be 
managed by a two-stage revision. Systemic anti- 
fungal should be administered to the patient for 
at least 6 weeks between the two stages or until 
laboratory parameters return to normal, with no 
clinical signs of infection. Such cases may 
sometimes have a bacterial co-infection as well 
and must be additionally treated with an appro-
priate antibiotic. There is no evidence to suggest 
that lone antifungal therapy, DAIR or a one-
stage revision yields better outcomes in fungal 
PJIs [39].

29.7  Authors’ Preferred Technique 
for First Stage of a Two-Stage 
Revision

It is emphasised that these principles and tech-
niques for performing a debridement and safe 
component removal also apply to a single-stage 
revision philosophy.

The patient is marked and consented for sur-
gery. An antibiotic plan is previously organised in 
conjunction with a microbiologist, based on cul-
ture studies to plan for the use of antibiotic- 
loaded cement and post-operative systemic 
antibiotics. With the patient supine, the knee is 
held in flexion with a foot bolster and a side sup-
port. The soft tissues around the knee are assessed 
referring to any sinuses and previous surgical 
scars. The incision is planned accounting for the 
vascularity of the skin. A tourniquet is applied, 
ensuring adequate exposure of the distal thigh.

The authors prefer to utilise a ‘two-stage prep 
and drape’ technique—first, in the anaesthetic 
room, and then in the operation theatre under the 
laminar flow hood. The previous surgical scars and 
sinuses are marked with a marker pen (Fig. 29.1) 
and the skin is covered by Ioban™ (3 M).

The midline incision is then re-opened, taking 
care to excise any sinus. It is the authors’ prefer-
ence to excise the skin of the previous surgical 
scar. A medial para-patellar approach is then con-
ducted as per a standard TKR. At this point, fluid 
from the joint is obtained for microbiological 
studies.
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It is anticipated that in a revision scenario, 
there may be evidence of arthrofibrosis and the 
surgical exposure to the knee may be quite 
demanding. Sequential soft tissue dissection of 
scar tissue is conducted slowly, to facilitate deliv-
ery and eversion of the patella to fully expose the 
knee. If significant scar tissue prevents eversion 
of the patella, this may be subluxed laterally. It is 
imperative that the gutters be cleared to facilitate 
safe exposure (Fig. 29.2).

In the authors’ experience, with sequential dis-
section and release of the adhesions and scar tis-
sue, the use of a tibial tubercle osteotomy is rarely 
required. At this stage, a radical synovectomy is 
performed, with multiple tissue samples sent for 
microbiological and histological studies, as per 
the Oxford criteria, from capsular tissue, femoral 
membrane, tibial membrane and other abnormal 

material. If there is a sinus, this can be tracked 
back to the skin, curetted and excised [40].

The implants are inspected for any gross loos-
ening, taking care to visualise the cement–bone–
implant interface. Any underlying bone loss is 
noted. It is the authors’ preference to use a recip-
rocating saw or flexible osteotomes to detach the 
implant from the underlying bone (Fig.  29.3). 
The use of ‘stacked’ osteotomes is useful and this 
should be performed alternatingly on both, the 
medial and lateral sides, ensuring that the osteo-
tomes have loosened the area around the entire 
sagittal radius of curvature of the femoral implant 
and underneath the tibial tray. In most instances, 
the implants can be removed safely with minimal 
bone loss, using this technique. In the authors’ 
experience, the underlying bone can sometimes 
be soft, and, therefore, extra care must be taken to 
avoid additional bone defects.

Once the implants have been removed, the 
femur and tibia are then assessed based on the 
Anderson Orthopaedic Research Institute (AORI) 
classification for bone defects [41].

A radical debridement with diathermy and a 
sharp blade is conducted to remove any soft tis-
sues which have macroscopic evidence of infec-
tion (Fig.  29.4). If necessary, the collateral 
ligaments may need to be sacrificed to remove 
any infective material. In this situation, it must be 
documented in the operative notes that the col-
laterals have been sacrificed, to aid planning for 

Fig. 29.1 The sinus and previous scar have been marked 
prior to applying Ioban™ (3 M)

Fig. 29.2 The use of diathermy to clear the lateral gutter

Fig. 29.3 The use of a flexible osteotome for prosthesis 
removal
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future second-stage surgery. It is imperative that 
the posterior capsule be approached with caution 
(to avoid a catastrophic vascular injury) and any 
dubious soft tissue be excised.

Once all foreign material is removed, includ-
ing old cement from the tibial keel and the femo-
ral lugs, it is the authors’ preference to refresh the 
bony cuts. If the old components have stemmed 
implants in place, all foreign material needs to be 
removed from the intra-medullary canals with the 
use of osteotomes, specially designed Moreland 
instrumentation, cement drills, flexible reamers 

or an ultrasound device (OSCAR™). The knee is 
then lavaged sequentially with the use of 
Betadine™, chlorhexidine and hydrogen perox-
ide for a ‘chemical debridement’.

At this juncture, the authors decide between 
the use of either an articulating or static nail- 
spacer construct. A pre-moulded articulating 
spacer can be used if the collateral ligaments are 
intact. The antero-posterior and medio-lateral 
measurements of the femur and tibia are made, 
and the respective spacer mould is obtained. 
Mixes of antibiotic-loaded cement with addi-
tional antibiotics (as per the pre-operative antibi-
otic plan) are then injected into the spacer mould. 
Hypodermic needles may be used to reduce the 
entrapped air and facilitate easy penetration into 
the mould. The cement is then allowed to cure. 
The plastic of the mould is then removed with a 
sharp blade and the edges of the mould are filed 
down to a smooth finish. These moulds are then 
inserted into the femur and tibia and an attempt is 
made to cycle the knee to ensure satisfactory 
range of motion. Once this is achieved, the articu-
lating cement spacer is then cemented loosely 
onto the tibial plateau and femur (Figs. 29.5 and 
29.6). This method is similar to that used while 
implanting a standard primary TKR.

Fig. 29.4 Following the removal of implants, unhealthy 
membranes over the bone and lugholes are noted. It is 
imperative that these are excised

Figs. 29.5 and 29.6 An articulating cement spacer
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Other techniques of preparing an articulated 
spacer could be to use trial components as 
moulds, or using a ‘hamburger’ type of cement 
spacer.

In the situation where there is significant bone 
loss and the collateral ligaments are defunct or 
have been debrided away, it is the authors’ prefer-
ence to use a static nail-spacer construct. 
Historically, this was achieved with the use of a 
Kuntscher nail. Modern manufactured nails and 
bespoke arthrodesis nails are now readily avail-
able (Figs. 29.7a–c and 29.8).

An appropriately sized nail is selected based 
on surgeon preference. With the knee flexed, 
the nail is then slid down the femoral canal suf-
ficiently enough to allow knee extension and 
then brought back down into the tibia. As a 
technical tip, the authors suggest that the cen-

tre of the nail be marked prior to introducing it 
into the femur, to allow for the marked area to 
be visualised at the level of the joint line. This 
is to ensure that there is adequate penetration 
of the nail down both, the femur and tibia, in 
non-specific nail designs. In specifically manu-
factured arthrodesis nails, this marking is not 
necessary.

A corrugated drain is then used to protect the 
posterior structures from the exothermic reac-
tion that accompanies the cement curing process 
(Fig. 29.9a, b). The cement is then mixed with 
additional antibiotics (as per the pre-operative 
antibiotic plan) and gently inserted around the 
central portion of the nail at the level of the joint 
and filled into the supra-patellar pouch. To facil-
itate closure, it is important to ensure that the 
supra-patellar pouch and anterior aspect of the 

a

c

b

Fig. 29.7 (a, b) Femoral and tibial trial components of an arthrodesis nail. (c) Final arthrodesis construct prior to lock-
ing with screws
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knee are not overly filled. Once the cement has 
cured and the nail-spacer construct is stable, the 
corrugated drain is removed. For specifically 
manufactured arthrodesis nails, it is a useful 
adjunct to use bone-wax over the screw-heads 
prior to connecting the tibial and femoral com-
ponents of the nail together. This is done to pre-
vent bone cement from infiltrating into the 
screw- head, making removal easier during the 
future second stage.

As an adjunct, an antibiotic-loaded absorbable 
calcium sulphate carrier (Stimulan™) can be 
peppered into the surrounding joint space for 
additional local antibiotic delivery, usually after 
the final wash has been done. A further washout 
is performed sequentially with Betadine™, nor-
mal saline and hydrogen peroxide. Care must be 
taken to ensure that the calcium sulphate pellets 
are not dislodged in the process. The knee is then 
closed in a standard fashion.

ba

Fig. 29.8 (a, b) Radiographs of knee showing an Arthrodesis nail in situ surrounded by bone cement

a b

Fig. 29.9 (a, b) The use of a corrugated drain to protect the posterior structures during the cement curing process
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Any curetted sinus tract is left open and not 
packed. In the presence of a significant soft tissue 
defect, a split-skin graft onto a healthy bed or 
transposition of a gastrocnemius flap can be con-
ducted. In smaller defects, the use of a negative 
pressure dressing (vacuum-assisted closure 
device) is useful (Fig. 29.10). Any sinus left open 
is a useful indicator of healing and infection con-
trol in the post-operative period.

29.8  Results

In general, the results following revision TKR for 
PJI are not comparable to the generally good out-
comes following primary TKR, due to re- 
infection with resistant organisms, bone loss and 
the use of more constrained prostheses in revi-
sions for PJI. Literature reports variable results in 
one- and two-stage procedures. A possible expla-
nation for this is the definitions of success and 
failure employed by individual studies are 
heterogeneous.

Historically, the two-stage revision has been 
long regarded as the ‘gold standard’ in manag-
ing PJIs, with success rates ranging from 72 to 
93% and an average infection eradication rate 
of 84.8%. Although re-infection rates vary 
between 0 and 8.8%, this is likely due to a 

larger proportion of patients undergoing a two-
stage procedure. The functional outcomes are 
comparable to those of single-stage revision 
[31, 42].

With its potential benefits over the two-stage 
revision, one-stage revisions are practised as a 
standard procedure in some specialised European 
centres [43, 44], with reported re-infection rates 
varying between 0 and 13.3% and average eradi-
cation rate of 87.1% [31, 42, 45].

The available evidence tends to suggest that 
there are no significant differences between the 
two strategies in terms of re-infection rates, 
infection eradication rates and functional out-
comes. The one-stage strategy may be as effec-
tive when conducted for specific indications.

While some authors comparing static and 
dynamic articulating spacers suggest no differ-
ence in terms of infection control, range of 
motion and functional scores, others have found 
dynamic spacers to be better in this regard [31, 
42]. It seems reasonable to use a dynamic articu-
lating spacer where possible, i.e. minimal bone 
loss, and intact and functional collateral 
ligaments.

29.9  Summary

• A high index of suspicion for PJI must be 
maintained in a persistently painful knee after 
TKR even in the absence of overt signs of 
infection.

• It is prudent to consult a microbiologist or 
infectious disease specialist for an antibiotic 
plan prior to revision surgery.

• Due diligence must be exerted when planning 
between a one- or two-stage revision, taking 
into consideration the clinical profile of the 
patient, microbiological results and operating 
team expertise.

• A thorough irrigation and debridement is cru-
cial, regardless of the stage of surgery.

• A one-stage revision may be as effective as a 
two-stage revision in carefully selected 
patients.

Fig. 29.10 In the case of a small skin defect, the use of a 
vacuum-assisted closure device is useful
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The Science Behind 
Computer- Assisted Surgery 
of the Knee

Frederic Picard, Angela Deakin, Kamal Deep, 
and Joseph Baines

30.1  Introduction

Computer-assisted surgery (CAS) is a generic 
term, which includes any sort of technology used 
before, during or after surgery with the use of a 
computer [1]. The computer has been utilised for 
many years in industry but also extensively in 
everyday household tasks to help calculating, 
designing, producing and controlling various 
activities [2]. The computer has more recently 
entered surgical theatres to assist surgeons in 
planning, executing, guiding and verifying sur-
gery as well as following-up patients [3, 4]. 
Following neurosurgery, orthopaedics produced 
the first robotic-assisted surgery device in 1992 
for total hip replacement (THR) and more spe-
cifically to perform automatically intra-operative 
femoral canal burring [5].

These innovations were possible because of 
remarkable advances in imaging technology, 
such as Magnetic Resonance Imaging (MRI), 
earlier with Tomodensitometry (TDM/CT Scan), 
as well as in electronics and mechatronics [6]. 

Academic institutions, as well as research units 
in industry, both in collaboration or not, initiated 
multiple new designs and developments of prod-
ucts to address issues around knee surgery, and, 
in particular, knee replacements [7]. The latter is 
the topic of this Chapter.

Back in the 1990s, four teams in the world 
were able to demonstrate some steps of robotic- 
assisted knee replacement surgery. Two of these 
systems were pure active robotic technology, one 
in Italy in Bologna [8] and the second in Chicago 
[9]. Another robot system was designed in 
Washington State in Seattle by Matsen et al. who 
completed a prototype of robotic-jig tool to guide 
the surgeon’s blade to cut the distal femoral bone 
to fit a condylar implant [10].

Finally, at the Imperial College of London, 
Davies et al. designed the first semi-active con-
trolled handheld burr robotic system to perform 
unicondylar knee replacements (UKR) [11]. 
Despite significant technological advances, none 
of them were at a routine clinical stage before the 
twenty-first century and all of them were pre- 
operative image-based technologies. They all 
required a registration-matching procedure, 
which we describe thoroughly later in this 
Chapter.

A burgeoning project developed in Buffalo 
came to light in 1999 which followed non-image- 
based concept communicated a few years ago 
[12]. Other systems at the time had been designed 
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for ACL reconstruction in Canada [13], and later 
in Switzerland using image-based technology. 
These teams worked on a guided drilling tool for 
ACL placement [14]. These systems were still at 
a pre-clinical stage too. A team in Grenoble 
(France) worked also on an image free navigation 
system for ACL reconstruction and performed 
the first patients with this technology in 1994 
[15]. In Germany, in Aachen, a team designed the 
first custom-jig later named “Patient Specific 
Instrumentation” (PSI) for high tibial osteoto-
mies [16]. Another team in Canada worked on a 
similar approach [17].

The first ever total knee replacement (TKR) 
performed using computer-assisted technology 
was documented on the 21st January 1997  in 
Grenoble and gave birth to the so-called CT-free 
or image-free technology for knee replacement 
[18, 19]. Prior to this concept, academics and 
industries were all competing in designing com-
plex technologies in combining multiple medical 
imaging modalities (i.e. MRI and CT scans) and 
robotics. The challenges of these systems were 
obviously huge at many levels [20]. At the begin-
ning of the twenty-first century, new computer 
aided equipment generated a lot of excitement in 
the field of orthopaedics as both surgeons and 
industries all realised the potential for improving 
accuracy and precision in surgery for the former 
and potential profits for the latter [21]. This 
Chapter describes the two categories of computer- 
assisted knee surgical systems, which are either 
image-based or image-free/non-image-based 
also named anatomy defined-based [22]. The first 
section of the chapter covers the classification of 
computer-assisted systems to define the place of 
image-based computer technology with respect 
to other concepts. Then, we reviewed the princi-
ples of tracking technology. Next, we defined 
image-based technology principles and most 
noteworthy characteristics. Afterwards, we 
explained the steps used with this technology. 
Subsequent section of the chapter described 
image-free concept, its principles and steps in 
TKR.  In both sections, we briefly pointed out, 
when relevant, some of the technical characteris-
tics of robots and patient-specific instrumenta-
tions falling into clarified technology.

30.2  Classification

30.2.1  Computer-Assisted 
Technology

Computer-assisted technology can be divided 
into three different types of systems and three 
modalities. The three systems are either active, 
semi-active or passive and the three modalities 
are either pre-operative or intra-operative 
imaging and image-free technology [23] 
(Table 30.1).

30.2.2  Systems

• Active: are robotic tools performing surgical 
tasks such as drilling or milling without the 
direct intervention of the surgeon. (Robodoc® 
Curexo Technology, Fremont, CA/Think 
Surgical Inc.)

• Semi-active: are controlled robotic tools 
where the system restricts a task within a pre-
determined frame. In other words, it is an 
enforced controlled robot (Mako Stryker, 
Mahwah, New Jersey).

• Passive: perform some parts of the surgical 
procedures but to do so under the direct guid-
ance or control of the surgeons. For example, 
they may be used to position the templates or 
cutting guide blocks but the surgeon acts and 
usually uses conventional instruments, such as 
drilling, burring or sawing systems (Vector 
Vision®, Munich, Germany).

Table 30.1 Classification of computer-assisted systems 
in orthopaedic and one example in each box

Preoperative 
imaging

Intra- 
operative 
imaging

Image-free 
technology

Active Robodoc® / /
Semi- 
active

Mako® Mazor®a Navio®

Passive Vector 
Vision®

Vicking® OrthoPilot®

aNot used in knee application but in spine;/no systems in 
use yet

F. Picard et al.



401

30.2.3  Modalities

• Pre-operative imaging modality consists of 
three-dimensional reconstruction of patient’s 
anatomy, such as computerised tomography 
(CT/TDM), MRI, ultrasound (US) or 2D/3D 
fluoroscopy technology (Navitrack® 
OrthoSoft, Montreal, Canada).

• Intra-operative imaging modality involves the 
use of MRI, CT or more commonly fluoros-
copy (Vicking® Medtronic, Dublin, Ireland).

• Image-free modality: This technology does not 
require any medical images modality neither 
pre-operative nor intra-operatively. Patient’s 
anatomic landmarks are collected directly 
from the patient’s anatomy during surgery. 
This modality is the one most used in knee 
navigation (OrthoPilot®, Tuttlingen, Germany).

This classification provides a straightforward 
approach to understanding the technological and 
clinical requirements for any computer-assisted 
system. New concepts in CAS [computer-assisted 
surgery] can easily fit into this classification 
framework.

In order to understand how any CAS system 
works in theatre, we need to review the principles 

of tracking, registration and matching which are 
crucial in the accuracy and precision of plan(?) 
execution.

30.3  Principles on Tracking 
Technology

30.3.1  Simplified Overview [22]

The easiest way to explain tracking technology is 
to correlate it to GPS/Sat-Nav principles even 
though the components involved are dissimilar.

• When one switches on the Sat-Nav/GPS in a 
car, then at least three satellites in orbit around 
the earth are activated. We could call them 
“receivers” and are instantaneously connected 
to determine the position of this device that we 
could call “emitter” for didactic clarity 
(Fig. 30.1).

• Surgical tracking technology also requires an 
equivalent “emitter” named tracker and a 
“receiver” named cameras or receiver as a 
matter of fact. The interaction between the 
two entities defines the spatial location of any 

a b

Fig. 30.1 Position of this device: (a) satellites localising the receiver. (b) Receiver localised in space
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tracker in the field of view with high accuracy 
and precision usually within 1  mm and 1 
degree (Fig. 30.2).

• Then GPS/Sat-Nav system localises the exact 
position of the car’s device with respect to other 
landmark references on a map (Fig. 30.3).

• In computer-assisted surgery camera/ 
tracker(s) interaction do the same with respect 
to patient’s anatomical landmarks. This pro-
cess is called Registration that we explained in 
detail later (Fig. 30.4).

• Finally, the third step is the navigation compo-
nent. One can write on the car’s device, for 
instance, the work location from home and a 
Google Maps or equivalent draws the best path 
or options to reach the destination (Fig. 30.5).

• In surgical robotic or navigation technologies, 
a screen displays and guides the surgeon to 
execute the pre-operative plan that the surgeon 
follows to perform the surgery. Robots per-
form (i.e. active) or control (i.e. semi- 
controlled) the surgical gesture, whereas in 
navigation, the surgeon does the cuts guided 
by user interfaces (Fig. 30.6).

a b

Fig. 30.2 Position of the trackers: (a) Camera emitting IR and reflective spheres locating each ball and each tracker; 
(b) reflected sphere seen on screen

Fig. 30.3 Position of the car with respect to 
environment

Fig. 30.4 Three dimensional CT scan image of an upper 
tibia and landmark’s registration (green dots) for match-
ing pre and intraoperative patient’s anatomy
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30.3.2  Detailed Principles

There are different tracking systems. They are 
mainly optical, less often electromagnetic (EM) 
and not yet Ultrasound (US) based technologies 
at least in knee navigation [20, 24, 25].

30.3.2.1  The Optical Active 
Technology

The Optical active technology is based on LEDs 
[light-emitting diodes] which are spotted by opti-
cal cameras working by CCD principle [charge- 
coupled device]. A system of triangulation allows 
the trackers to be seen and localised accurately in 
the field of view of the camera. The aim of the 
trackers is to obtain an extremely rigid fixation 
into the bony structure so as not to compromise 
the registration process and execution! The more 
accurate and precise the CCD is, the better the 
tracking volume is. Most of these systems are 
designed to have roughly two metres working 
volumes from the camera (Fig. 30.7).

Light-emitting diodes (LEDs) are embedded 
in, what are called rigid bodies (RB) or trackers 
or Digital Rigid Body (DRB), in order to increase 
the number of degrees of freedom (DoF) for vis-
ibility. There are usually at least three LEDs per 
rigid body which enable the camera to locate 
them in all DoFs (Fig. 30.8).

Active cameras mean that a signal is emitted 
from the LEDs connected to CCD camera which 
receives and measures the information in sequen-
tial order defining the spatial position of the rigid 
body holding at least three LEDs per tracking 
system. With active trackers, the size and shape 
of the RB can be identical as sequential electric 
signal of the LEDs gives the signature of a par-
ticular RB [26] (Fig. 30.9a).

Passive systems are based on passive RB/
trackers. Each tracker is carrying at least three 
reflective spheres, usually four, which reflect 
infra-red (IR) emitted light from the camera to 
the camera itself. With passive tracker, each 
requires a specific shape to be recognised 
(Fig. 30.9b).

Reflective spheres are very much the same 
across the companies. Some are coated or collar 
covered to reduce fat or blood spillages and most 
are not.

There are many sorts of optical localisers on 
the market [Polaris, Spectra, Vectra, Accutrack, 
Easytrack, Stryker, Elite, Clarion Technologies, 
Micron trackers…] and a lot of them were used 
originally in industry and are now used in sur-

Fig. 30.5 Directions displayed on the map

Fig. 30.6 Tibial cut orientation (in red) with respect to 
the tibial mechanical axis
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C1 P2

C2 P6

Fig. 30.7 Optical 
camera and CCD 
(charge-coupled device)

Fig. 30.8 Different 
trackers active with 
cables left and passive 
trackers right

Each tracker unique configuration

a b

Fig. 30.9 (a) Active trackers may have identical shape as electric current illuminates sequentially each LED and the 
camera measures their position in space, whereas passive trackers have individual shapes with reflective spheres (b) 
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gery. The drawbacks of these optical trackers are 
that they are temperature/light sensitive, could be 
soiled, damaged and require constant visibility—
line of sight from camera to RB without other 
objects getting in the way.

As mentioned earlier, other technologies have 
been used in CAS such as EM tracking [27]. One 
of the advantages of this technology is the reduced 
size of trackers (few millimetres). There are also 
very accurate but one of the major drawbacks is 

their ferromagnetic and electric sensitivity as any 
ferromagnetic surgical tools introduced into the 
area that can generate its own EM field which can 
disturb the EM field and generate undetectable 
errors, contrary to optical trackers which are 
either visible or not visible (on/off). The princi-
ples of EM technology are based on EM signals 
with an emitter and read by a local receiver which 
both determine the trackers position (Fig. 30.10).

Accelerometers have been introduced more 
recently in CAS procedures. A few systems like 
OrthAlign® and Zimmer IAssist® systems are 
examples of this technology [28, 29]. The main 
sensor and reference device are coupled together. 
The accelerometers are calibrated and oriented in 
the same frame of reference. This procedure is 
possible given both accelerometers are subject to 
the same gravity force (Fig. 30.11).

When the two sensors are decoupled, the orien-
tation of the two can be figured out relative to this 
frame of reference provided there is a no transla-
tional difference between the two. If one of the sen-
sors experiences a linear acceleration that the other 
does not, the relative orientation is distorted.

Hence, the two are fitted onto a frame. The ref-
erence sensor is fixed onto a frame fixed to the 
bone. The reference sensor is, therefore, con-
strained to the bone and, therefore, has no degree 
of freedom relative to the bone. The main sensor is 
fixed to a mobile frame. This mobile is constrained 
to only 2° of rotational freedom (at least for the 

1

2

Fig. 30.10 One emitter (1) and one receiver (2) circling 
positioning the EM tracker

Fig. 30.11 Accelerometers used in theatre (I Assist)
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main sensor). Given the relationship between lin-
ear acceleration and rotational acceleration, any 
linear acceleration from the rotation of the mobile 
frame is removed thus giving the orientation of the 
mobile frame relative to the fixed frame.

The main advantage of these systems is that 
there is no light of sight limitation as optical sys-
tems and no deformable field as EM tracking. 
The main advantages of these systems are respec-
tively no light of sight limitation and no deform-
able field to the contrary of infrared and electro 
magnetic systems. Their drawbacks are the lack 
of final knee alignment measurement and liga-
ment balancing assessment.

30.4  Computer-Assisted Image- 
Based Systems 
and Technology

Image-based technology is at the core of many 
computer-assisted systems [30]. It combines all 
sorts of sophisticated technologies such as medi-
cal imaging, signal data processing, image recon-
struction rendering software, registration 
modelling, matching processing and even artifi-
cial intelligence [20]. Two distinct phases can be 
identified: pre- and intra-operative phases.

30.4.1  Pre-operative Phase

This phase requires medical images of the 
patient’s knee and lower limb. Advances in the 
field of imaging technology have modified con-

siderably the speed of this procedure as well as 
the quality of rendered medical images. Two 
main medical imaging technology modalities are 
used, which are Magnetic Resonance Imaging 
(MRI) and Tomodensitometry (TDM)/
Computerised Tomography (CT) scans [31, 32]. 
Other technologies such as ultrasound (US) are 
still at an early stage of development but will cer-
tainly become an important part of medical imag-
ing used in future orthopaedic CAS systems [33].

The pre-operative phase is divided into three 
steps: image protocol acquisition, surface recon-
struction and planning/simulation.

30.4.1.1  Image Protocol Acquisition
The protocols for imaging acquisition vary, but 
all of them entail taking thin slices of images on 
important sites (i.e. the knee) less than a millime-
tre between slices, for instance. Then, in the 
metaphyseal area (the so-called less critical 
areas) the slices are slightly bigger, only every 
three millimetres. Finally, in the non-critical area, 
such as the femoral shaft or tibial shaft, it is 
5–10  mm slices only (Fig.  30.12). It is worth 
mentioning that sometimes these so-called non- 
critical areas could be of significant importance, 
in case of former malunion fractures, for 
example.

Several protocols have been published to 
reduce the level of radiation during CTs, such as 
the Imperial College protocol [34] or the Perth 
protocol [35]. All have the same objective which 
is to take accurate and reliable images on the 
critical areas and trying to reduce the radiation 
dose on the rest of the limb and body. However, 

- 1 mm between slices in critical areas
(hip, knee and ankle)

- 3 mm between slices in less critical areas
(metaphyseal areas)

- 5-10  mm slices gaps in non-critical areas
(femoral and tibial shaft)

Fig. 30.12 Image 
protocol acquisition for 
pre-operative CT scan
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sometimes it is necessary to have a lot more 
information and then an entire tomodensitometry 
of the limb can be taken with very thin slices as 
already stated. Recent systems like EOS® (Paris, 
France) have been implemented to reduce the 
radiation dose up to ten times but this system 
only depicts 2-D X-rays displaying coronal and 
sagittal planes [36]. There are software trans-
forming 2-D images in 3-D objects. However, the 
rendering is still not at the level of what can be 
obtained with CT and/or MRI scans.

30.4.1.2  Surface Reconstruction
They are now automated software able to mesh 
critical areas, surfaces and volumes close to the 
knee joint [37]. However, especially in complex 
cases, it is necessary that an operator/technician 
verifies the quality of each image and the final 3D 
reconstruction [38]. Once the final reconstruction 
is obtained, rendered images are depicted on any 
standard monitor screen and can be manipulated 
virtually in order to plan or simulate the surgery 
(Fig. 30.13).

30.4.1.3  Planning and Simulation
Usually, patient’s images are depicted in the fol-
lowing order: coronal view top left, sagittal top 
right and transversal or horizontal plane bottom 
left, and 3-D reconstruction image bottom right 
(Fig. 30.14a). Technicians or surgeons can then 
define crucial and relevant anatomical landmarks 
on the three-dimensional reconstructed images, 
such as the centre of the hip, the transepicondylar 
axis (TEA), the posterior condylar axis (PCA) or 
Whiteside lines, for instance. From those land-
marks, automatic lines are drawn such as 

mechanical axes to orient and suggest bone cuts 
planning (Fig. 30.14b).

Virtual models of pre-sized knee replacements 
are overlapped on the 3-D patient’s reconstructed 
knee model to find the best fit and best match 
position of implants. Current software can pre- 
position implants in the patient’s model and the 
surgeon only needs to confirm adequacy or mod-
ify accordingly. These ultimate planning steps 
are obviously crucial because they define the 
definitive position of implants or osteotomies/
bone cuts or, in the case of oncologic surgery, 
safe areas to resect a malignant tumour [39].

For knee replacements, whether they are par-
tial or total, pre-operative planning can character-
ise bone cuts thickness, implants rotation, size 
and overall implant three-dimensional positions. 
Once this pre-operative planning is completed, 
these medical images can be transferred to the 
system in use in the OR/theatre usually using 
Digital Imaging and Communications in Medicine 
(DICOM) format via intranet or encrypted USB 
keys [40–42]. Any robotic- assisted or navigation 
systems requiring pre- operative medical imaging 
have similar process of transferring, storing data 
or recording images [43, 44]. There are a few sim-
ulation systems mainly described in hip replace-
ment, not in the knee yet [45].

At this stage, it is key to mention that the PSI 
(Patient-Specific Instrumentation) concept relies 
a lot on medical imaging technology. Indeed both 
computer assisted designed (CAD) and computer 
assisted machining (CAM) of patient-specific 
instrumentations are entirely based on the quality 
of preoperative three dimensional reconstruction 
of patient images [46].

a b c d

Fig. 30.13 Example of knee surface reconstruction (a) Slice of knee image; (b) Edge defined image; (c) completed 
slice; (d) 3D reconstruction
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30.4.2  Intra-operative Procedure

Once the pre-operative planning is complete, all 
data are transferred into theatre/OR to the main 
computer of any robotic or navigation system. 
The only difference between the two types of 
systems is related to what performs the execution 
of the planning. Robotic surgery is the “armed 
extremity” of navigation system. Computer aided 
or assisted surgical procedure is divided into four 
main steps:

Set-up, planning, registration and execution. 
With image-based navigation or image robotic- 
assisted surgery, a pre-operative planning is done 
on medical images. Therefore, the three other 
steps set-up, registration and execution are done 
during surgery.

30.4.2.1  Planning [47, 48]
This was done pre-operatively. However, some 
systems are now offering the possibility to 
assess soft tissue balance and/or gap measure-
ments during surgery and subsequently modify-
ing the pre- operative planning (“preoperative 
Navigation” component of the MAKO Stryker 
robotic system). As described earlier, final 
planning is transferred to intra-operative com-
puter system.

30.4.2.2  Set-up
Set-up consists in placing computer-assisted 
equipment in the OR/theatre appropriately to per-
form ergonomically the surgery and have access 
to robotic tool if any used, or to calibrated tools 
in case of a navigation system. At the same time, 
the surgical team needs to easily see all required 
information on the screen. Usually, the system is 
placed around two metres away from the patient’s 
table because the working volume is optimal in 
this range as already discussed earlier 
(Fig. 30.15). Set-up also includes the trackers/RB 
also named DRB (Digital RB) fixation using dif-
ferent approaches.

Trackers are active cableless/wireless with 
battery or active connected to a central unit or 
passive IR technologies. All these systems have 
an accuracy within a millimetre with a camera 
implementing a refresh rate between 10 and 
50 Hz.

Tracker fixation systems vary between sys-
tems. They can be supported by a two-pin fixa-
tion, usually with one 50 mm Schanz screws with 
minimum 4 mm diameters. There could also be 
single pin fixations, typically 5 or 6 mm diame-
ter, bicorticals crossing the two cortices. Finally, 
some are only using K-wires. Again, those have 
some advantages and disadvantages which are 

a b

Fig. 30.14 Planning and simulation (a) Hip centre; (b) 3D Limb reconstruction and mechanical axes
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out of our remit of our question. However, further 
information can be found in Picard et al. [49].

These systems have also different sort of con-
trollers. The most used are foot switch pedal con-
trol, virtual keyboard, pointer digital controller or 
touch screens. They all have their advantages and 
disadvantages related to malfunction, infection 
control issues or ergonomics amongst others.

30.4.2.3  Registration [20]
This step is fundamental to image-based tech-
nologies. The goal of this complex procedure is 
to match pre-operative planning images or mod-
els with the patient’s anatomy. Three components 
are essential in implementing this technique: 
Tracking systems, Pointers and Software 
Algorithms. Most of the current systems are 
using optical localisers.

The pointer, also called probe, is equipped 
with a tracker allowing to locate in real time the 
tip of it with high accuracy. The accuracy of this 
pointer is 0.35 RMS [root means square]. These 
pointers are usually calibrated prior to surgery 
and rarely intra-operatively nowadays.

Pre-operative or intra-operative calibration is 
usually performed using the pointer, equipped 
with a tracker, from which its tip fits a calibrated 
tiny indentation and moved through more than 
500 positions. Usually, this indentation lies into 
another fixed tracker of a trial bench. Throughout 
the measurement volume using the mean of 30 
samples at each position at 20 °C the tip pointer 
coordinates are determined (Fig. 30.16).

Once the trackers are in a fixed place in the 
bone (i.e. femur and tibia), the Registration can 
start which consists in collecting relevant ana-
tomical landmarks using the calibrated pointer. 
The computer assembles each collected point, 
meshing them altogether to create the shape of 
the distal femur, for instance (Fig. 30.17).

Then, using this virtual model, the computer 
finds the best match position and orientation 
between the collected anatomical and the 3D pre- 
operative models. This process involves very 
complex calculations as only limited portions of 
the patient anatomy are recorded to fit pre- 
operative 3-D model (Fig. 30.18).

Fig. 30.15 Camera 
around 2 m away from 
the patient. Tracker is in 
the field of view

Fig. 30.16 Manual pointer calibration. Pointer (P1) cir-
cumduction around a single point such as an indentation 
onto another fixed trackers (P) allowing the calculation of 
the coordinates of the tip of the pointer in 3-D space (usu-
ally x, y and z coordinates) (blue point)
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Fig. 30.17 Data collection of the distal femur. The red dots are collected points on the planned distal femur

Fig. 30.18 Tibia registration

Anatomy

CT scan

Fig. 30.19 Pre-operative CT fitting patient’s anatomy

It is like trying to fit a foot into a shoe knowing 
only a few pieces of information from the foot 
like, for example, a tenth of the insole or few 
toes! However, in the end of this procedure the 
foot should fit perfectly to the shoe (Fig. 30.19).

Registration Processes
This process is the transformation of different 
sets of data into one coordinate system. There are 
mainly four different registration techniques

 – Fiducial registration requires a pre-operative 
step during which small radiopaque beads are 
placed into the bone before CT scan imaging 
and used intra-operatively for matching. This 
is now rarely used as it increases the number 
of surgical procedures (Fig. 30.20).

 – Landmark registration is the most common 
one where the surgeon pinpoints landmarks 
that the software programme requests 
(Fig. 30.21).

 – The shape-based or surface registration is very 
much like the landmark based. Instead of 
using single points the surgeon or the operator 
draws surfaces on the bone to collect series or 
points as describe above (Fig. 30.22).

 – Intensity-based registration uses medical 
imaging, such as image fluoroscopy (image 
intensifier) to collect imaging data and find 
similar intensities with the pre-operative med-
ical images (Fig. 30.23).

Matching process is an extremely complex 
phase. Fundamentally, the matching demands 
perfection, otherwise surgical guidance in navi-
gation or even worse robotic execution could be 
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Fig. 30.20 Fiducial 
registration; the arrow 
shows one fiducial 
which is identified 
during registration

Fig. 30.21 Landmark 
registration; the arrow 
shows a special 
landmark collected 
during registration

Fig. 30.22 The 
shape-based or surface 
registration, series of 
points are collected
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based on wrong information! The mismatch 
between the patient’s anatomy and the pre- 
operative planning can generate unfortunate mis-
takes (Fig. 30.24).

30.4.2.4  Execution: Surgical 
Execution [1, 20, 40, 41]

Once the registration and matching are complete 
and double checked, then the surgeon can use any 
calibrated instruments in the field of view and 
tracks them within the patient’s model. For 
instance, an equipped tibial cutting jig is tracked 
in real time in the patient’s CT scan (Fig. 30.25). 
The surgeon usually just needs to place the jig 
according to pre-operative planning. After the 
bone cut is done, the surgical team can use a so- 
called calibrated plate probe to verify the accu-
racy of the cut [50].

This is the step during which the surgeon exe-
cutes the planning which was prepared either 

 pre- operatively on the patient’s specific 3-D med-
ical images we described previously, or intra- 
operatively [38, 51–53]. The latter are most 
commonly fluoroscopy-based systems, but there 
are now some very high-tech sophisticated the-
atres in which CT scans could be taken in real 
time during surgery [43]. Any surgical instru-
ment can be tracked in the field of view of the 
camera if they have a rigid body attached and 
been calibrated. This calibration can be done 
either pre- operatively using calibration bench 
testing unit or intra-operatively using the surgical 
pointer or a docking platform. The former is pref-
erable to the latter as it reduces extra time related 
to non- surgical activity which is certainly prefer-
able for surgeons.

Any tracker used either for anatomy or instru-
ment tracking compels rigid fixation. Any tool 
for drilling, reaming, sawing, burring, K-wire 
guiding can be calibrated for any surgical action. 

Fig. 30.23 Intensity- 
based registration

a b c

Fig. 30.24 (a) Pointer lying on the middle of the tibial condyle and (b, c) TDM image of the point on coronal and sagit-
tal views

F. Picard et al.



413

These tools are schematically represented on the 
screen which means that the size of the burr, for 
instance, or the size and thickness of the saw is 
perfectly known to guide within a millimetre or a 
degree any surgical action in the field of view 
[54, 55].

The goal of the computer-aided surgical exe-
cution procedure is to complete the planned sur-
gery with the system. During image-based 
robotic or navigation procedures, the surgeon and 
the operators are watching their monitor screens 
which depict simultaneously planning, patient 
anatomy and calibrated instruments. Therefore, 
surgeons and operators can control in real time 
any of their surgical actions performed on their 
patients which are objectified on their monitor 
screens. For instance, if the goal of the surgical 
procedure is to resect some bone, the monitor 
screens portray bone and burr or saw depth in the 
bone using colour coding or in numbers 
(Fig. 30.26) [56].

30.5  Intra-operative Fluoroscopic 
Image Technology

If fluoroscopy is used, then intra-operative medi-
cal imaging builds up the model on which the 
surgeon plans the surgery, calibrates the surgical 

tools if needed and performs guided surgery 
using human interfaces depicted on the computer 
screen. It is a combination of all this data that is 
presented to the surgeon which means they can, 
therefore, perform a proper bone cut [51, 52]. 
The patient is in supine position. As for other sys-
tems, two trackers are mounted in the femur and 
the tibia above and below the knee approach. 
Two fluoroscopic images are taken on the knee, 
the ankle and the hip using a calibrated image 

Fig. 30.25 Display of the tracked tibial jig in the anatomical frame. Two lines are visible one for the tibial slot and one 
for the pre-operative planning

Fig. 30.26 Example of colour coding showing resected 
area of the distal femur
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intensifier machine. On each joint but the hip, 
essential anatomical landmarks are identified 
using a calibrated probe such as the knee tran-
sepicondylar axis (TEA). Thus, the centres of the 
hip, knee, ankle and TEA are used to draw a vir-
tual frame of reference that the surgeon is using 
to navigate. There is no need to take any further 
images. The navigation steps are performed in 
the recorded images during registration. 
Calibrated instruments are, therefore, used in the 
frame following similar principles described 
above. According to users it takes <8 min to col-
lect necessary data for registration and total radi-
ation is <1 min [53].

30.6  Image-Free Technology [56, 57]

30.6.1  General Remarks

Paradoxically, the image-free concept for total 
knee replacement (TKR) was designed after the 
first wave of computer- and robotic-assisted tech-
nologies. In this Section, we describe in detail the 
concept of image-free technology in TKR.  By 
definition all data for registration are collected 
intra-operatively directly on the patient’s anat-
omy without involving any medical imaging nei-
ther pre- or intra-operatively, hence the name 
given to the concept: anatomic-based 
registration.

The first image-free system was developed in 
the early mid-90s by Vincent Decenne et al. [15, 
58]. This system was designed to assess local 
anatomy of the knee for Anterior Cruciate 
Ligament (ACL) reconstruction. A very heavy, 
cumbersome but accurate opto-electronic tri- 
camera called Optotrak® was placed two metres 
away from the patient. Two trackers were fixed in 
the metaphyseal femoral and tibia areas whereas 
a third tracker was fixed on a probe. Then, the 
surgeon proceeded for knee arthroscopy. Once 
usual portals were opened the surgeon used the 
calibrated pointer to draw anatomical landmarks 
on the tibia interspine surface where the ACL 
footprint is situated, on the femoral condyle ACL 
insertion and the entire femoral notch. This con-

cept later gave birth to the so-called bone morph-
ing registration [59, 60]. Once collected and 
registered, these anatomical bony structures 
could be dynamically assessed during knee 
manipulations and enabling identification of the 
ideal ACL isometric position of the graft whilst 
avoiding notch impingement prior to any tunnel 
drilling for the neoligament. Afterwards, cali-
brated K-wire guides enabled the clinician to 
execute the plan. This system was evaluated on 
patients in the early 1994 as a prototype and it 
took many years before the system was commer-
cially available [15].

30.6.2  Understanding the Concept 
of CT-Free TKR

The best way to understand image-free naviga-
tion is to imagine being in a darkroom in space 
without knowing where is up, where is down and 
where is the door to get out of the room. The only 
way to leave the room is to illuminate one or sev-
eral landmarks defining the structure of the room 
that should guide the person outside it. For 
instance, the first landmark can be one of the cor-
ners of the ceiling and then the second one for 
another corner, then the third and finally the 
fourth one. Therefore, a geometric construction 
can link these four points and determine a cross 
that would suggest a generic shape of the ceiling 
(Fig. 30.27).

Following the same principle of successive 
illuminated landmarks, new ones appear on the 
floor in the four corners of the room (it could 
have more than four landmarks). This gives a 
sense to the person inside of the room’s volume 
and to visualise a ceiling and a floor now clearly 
defined. Therefore, the next illuminated land-
marks show the door limits with four corner 
points. This room could actually be spherical or 
cylindrical, it does not really matter, only the illu-
minated landmarks are important. The person 
inside has now a clear understanding of the 
room’s geometry. A very similar concept is used 
to build the frame of reference of the lower limb 
and the knee in image-free navigation.
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30.6.3  Detailed Principles: Collecting 
Landmarks of the Lower Limb

Based on years of experience and assessment of 
lower limb landmarks used in knee replacements, 
researchers have defined crucial landmarks to 
build a lower limb frame of reference [61–65]. 
Alignment of the limb is currently defined with 
the following anatomical and radiological land-
marks: centre of the hip, centre of the knee and 
the centre of the ankle. Then other landmarks are 
used to determine coronal, sagittal and transverse 
planes [66]. We reviewed in the following section 
how image-free technology can collect these 
landmarks and organise the frame of reference 
for surgery. During conventional TKR, when one 
surgeon wants to perform a 90° cut to the distal 
femur with respect to the femoral mechanical 
axis in the coronal plane, then one introduces an 
intramedullary rod in the distal femur which goes 
inside the metaphyseal and diaphyseal part of the 
distal femur defining its “anatomical axis”. From 
there, a series of angled jigs are assembled on the 
intramedullary rods to finally place a distal cut-

ting guide which supports the distal cut of the 
femur (Fig. 30.27) [67].

These angled jigs used as assemblies on the 
intramedullary rod have different angles usually 
ranging from 3° to 10° with 1° or 2° increment 
depending on the complexity of the conventional 
instrumentation. Most of the time the angle jig 
used in conventional instrumentation is between 
5° and 7° usually smaller in valgus knees or 
greater in varus knees. This angle represents the 
difference between the femoral mechanical axis 
and the femoral anatomical axis. Many studies 
have shown that this angle differs from one knee 
to another and the consensus is to define this 
angle pre-operatively to make a better planning 
cut during conventional TKR [68].

In the image-free concept, the femoral 
mechanical axis is drawn virtually in determining 
the centre of the hip and the centre of the knee 
(the blue line in Fig. 30.28). The same concept is 
applied to the tibia where the mechanical axis is 
most of the time closer to the anatomical axis 
than the femoral equivalent [69].

30.6.3.1  Hip Centre
The first landmark that needs to be located is the 
centre of the hip.

This hip centre is a virtual point with spatial 
coordinates. This is used to draw a virtual 
mechanical axis with the centre of the knee as 
described by Good and Suntay [66]. This land-
mark is called a kinematic landmark as it is 
acquired during the hip circumduction move-
ments as described below. The hip joint is a 
spherical joint rotating around its centre. The 
concept used in image-free navigation came from 
the pointer calibration described earlier (Sect. 
30.4.2.3) (Fig. 30.16).

Based on a similar concept, if a fixed tracker 
is placed into the pelvis and another one is sol-
idly fixed into the femur, then a circumduction 
movement of the hip can determine a sort of 
cone from which the centre could approximate 
the centre of the hip (Fig. 30.29). We are writing 
approximate as it has been shown that there is 
not a unique hip centre. However, the differences 
between all the hip centre coordinates are neg-

Fig. 30.27 Room in space (red dots are illuminated one 
after the others and line is drawn after completion)
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ligeable in view of the actual goal. Original sys-
tems used a tracker fixed to the Anterior Superior 
Iliac Spine (ASIS) of the pelvis. This was 
removed from the procedure after feedback from 
early users who were not keen to place a tracker 
in the pelvis when performing knee replace-
ments. Multiple studies confirmed the accuracy 
and precision of hip centre acquisition. One of 
the most used minimization algorithms was the 
Levenberg–Marquardt. However, there are vari-

ous mathematical processes explained in the lit-
erature to compute the hip centre [65, 70]. In 
order to draw the femoral mechanical axis, then 
the system needs to record another landmark: the 
knee centre.

30.6.3.2  Knee Centre
Two centres should be identified to draw both the 
femoral and the tibial mechanical axes. We 
describe first the femur side as it is used to draw 
the—femoral mechanical axis [71].

Landmarks: point-based registration or 
surface- based registration:

Several methods have been described to deter-
mine the centre of the knee. It is important to 
understand that, even though it is easy to pinpoint 
the centre of the femoral joint on an AP X-ray 
[72, 73], it is trickier to identify it on a sagittal 
plane [74]. In addition, X-ray assessments have 
shown this for a very long time that the centre of 
the femur does not always coincide with the cen-
tre of the tibia particularly in damaged and 
deformed knees [75].

 (a) Single point centre: The simplest way to 
determine the centre of the femur is to pin-
point it with a calibrated pointer, which is 

5°

Fig. 30.28 The red line 
is the femoral 
anatomical axis; The 
blue line is the 
mechanical axis and the 
distal jig aligned in the 
intramedullary rod is 5° 
as the difference 
between the two line

Fig. 30.29 Hip circumduction as described on the 
screen. The blue dot is the computed centre in P, whereas 
the dark dots show the moving tracking in P1
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usually close to the entry point of the intra-
medullary rod used in conventional instru-
mentation. In fact, it is situated in the middle 
of the PCL.

 (b) Combination of anatomical landmarks: One 
of the image-free systems (OrthoPilot®) uses 
the following landmark data collection to 
determine a centre of the knee: posterior con-
dyles (media and lateral), anterior femoral 
cortex all projected to the femoral axis 
(Fig. 30.30), [57].

Some other algorithms define the centre 
of the knee using surrounding landmarks, 
such as the medial and lateral epicondyles, 
and calculating the middle of it [76]. Finally 
some systems collect a series of points on the 
distal femur and compute the most promi-
nent ones and then estimate a centre of the 
femoral knee [77].

 (c) Kinematic centre: Another technique to iden-
tify the knee centre is to follow similar 
kinematic principles to those used to iden-
tify the hip centre. Moving the knee in flex-
ion/extension and external/internal rotation 
determine two “rugby ball” shapes from 
which a single centre or kinematic centre 
could be minimized and identified 
(Fig.  30.31). This principle is used in the 
OrthoPilot® system and determines a single 
point in the middle of the knee that is next 
projected on the distal femur (Figs.  30.31 
and 30.32) [18, 19, 78].

This point is centred in a sphere of roughly 
16 mm of diameter which can be compared to 
other knee centres (such as pointed anatomic 
one, constructed one, middle of the transepi-
condylar axis (TEA) line). Once this virtual 
centre is confirmed to be correct on the femur, 
then a virtual axis between the centre of the 
knee and the centre of the hip can be drawn, 
which constitutes the first structure of the 
frame of reference. Following this, we need to 
define where is the front to the back of the knee 
as we explained earlier in our “darkroom” 
example where we needed to know where the 
ceiling with respect to the floor was.

Using a pre-calibrated pointer, the posterior 
condylar axis (PCA) (joining the most promi-
nent anatomical point of the posterior medial 
and lateral condyles either using a single point 
or a series of points), the TEA (medial and lat-
eral condyles), the Whiteside lines can also be 
recorded. All these landmarks define the coro-
nal plane of the femur from which a sagittal 
plane to 90° can be defined as well as the trans-
verse plane (Fig. 30.32) [79].

Fig. 30.30 Example of a method to confirm the femoral 
knee centre

Fig. 30.31 Schematic representation of the distal femur 
after registration of multiple points of the distal femur 
(used in some systems). The red dot is the middle of the 
two oblong areas after minimization obtained after knee 
flexion/extension in yellow and internal/external rotation 
in blue

30 The Science Behind Computer-Assisted Surgery of the Knee



418

On the tibial side, the tibial mechanical 
axis needs to be drawn using the centre of the 
knee on one side and the centre of the ankle 
on the other side. The tibial knee centre can 
be determined either by a single point in the 
middle of the tibial spines or using the pro-
jected kinematic knee centre using the tech-
nique already described above (Fig. 30.33).

30.6.3.3  Ankle Centre
At the ankle level, several studies have been pub-
lished looking at the concept of collecting the 
bimalleolar axis (BMA) (i.e. on point on each of 
the most prominent medial and lateral malleolus) 
and computing the middle of it marking the cen-
tre of the ankle. It has been demonstrated that 
wherever these points are collected, the centre of 
the ankle remains within reasonable limit [62]. 

Indeed, because the mechanical axis of the tibia 
[this is true as well for the femur] is much longer 
than BMA, then small differences in the ankle 
centre location only generate insignificant angle 
variations.

Most systems use the middle of the 
BMA. Some other systems, such as the OrthoPilot 
use an additional landmark of the front of the 
centre of the ankle (Fig. 30.34). At the end of the 
process, the tibial mechanical axis is drawn 
between the knee and ankle centres.

30.6.3.4  Coronal, Sagittal 
and Transversal Plane 
of the Femur

We already mentioned that a series of landmarks 
are collected in the knee to identify the front to 
the back of the knee. Either the PCA (Post 
Condylar Axis) or the TEA (Trans Epicondylar 
Axis) or the combination of the two determine 
the femoral coronal plane on which the femoral 
axis is projected. From there the sagittal and 
transverse planes are calculated.

30.6.3.5  Anterior Referencing 
and Notching

During registration the surgeon collects a single 
point or a series of points on the anterior femoral 
cortex [19, 72, 73]. For the former this point 
defines the exit point of the saw blade and for the 
latter it draws the distal femoral shape of the femur 
from which the surgeon defines its exit point for 
avoiding notching. To avoid notching it is funda-
mental to understand that the anterior distal femur 
shape varies from patient to patient. Page et  al. 

a cb

Fig. 30.33 Tibial knee centre pointed in the middle of 
the knee (b) compared to kinematic centre (when done) 
on AP (a) and Sagittal (c) mapped upper tibias. Figures 

(a) and (c) show multiple kinematic knee acquisitions 
during experimental works [57]

Fig. 30.32 Posterior Condylar Axis (PCA) or 
Transepicondylar Axis (TEA) or both combined defined 
the coronal femoral plane aligned onto the mechanical 
axis. The vertical line is the Whiteside line
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showed that only 56% of the anterior femur has 
the “grand piano” sign; 25% are biconvex; 14% 
are concave and only 4% have an inverted shape 
with respect to the first group (Fig.  30.35) [80]. 
This is extremely important to understand what 
point should be chosen during surgery for avoid-
ing notching one or two cortices.

30.6.3.6  Anterior and Femur 
Implant Size

In image-based technology these points are eas-
ily identified on pre-operative CT planning.

30.6.3.7  Femoral Rotation References
Depending on the system, several landmarks can 
be used to calibrate femoral component rotation: 
Whiteside’s line is usually determined by align-
ing the pointer to it [81], PCA by collecting sin-
gle or a series of points on both posterior femoral 
condyles, TEA by collecting successively the 
medial and the lateral epicondyles. Depending on 

the software, the rotation reference could use one 
of these or a combined axis to set the frame of 
rotational reference [82].

30.6.3.8  Landmark References 
for Bone Cut Height

On the femur single or multiple points determin-
ing the most proximal and most posterior ana-
tomical structures of the femoral condyles are 
collected. On the tibia single or multiple points 
are collected on the tibial condyles (Fig. 30.36).

30.6.3.9  Coronal, Sagittal 
and Transversal Plane 
of the Tibia

The AP plane of the tibia is defined with the 
trans-malleolar axis (TMA); therefore, it is 
imperative to register these anatomical landmarks 
very well. As we usually say: “rubbish in, rubbish 
out”. For instance, in the case of very severe knee 
valgus, there is usually a significant distal exter-

ba c

Fig. 30.34 Ankle centre landmarks (a) medial malleolus; (b) lateral malleolus; (c) anterior point

a b

Fig. 30.35 (a) Pointer marking the anterior femoral cortex which is the anterior exit point of the blade marked here by 
the angel wing (b)
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nal skeleton torsion bringing the TMA in severe 
external rotation compared to tibial condylar 
axis. If the surgeon makes mistake in this data 
collection of the TMA, then the tibial coronal 
plane will be externally rotated instead of being 
aligned to the tibial plateau axis. Once the TMA 
is completed, then successively the coronal, sag-
ittal and transverse axes are inferred [83–85].

Finally, and to adjust major discrepancy 
between the femoral and tibial coronal planes, 
when the knee is extended in its maximum, then 
some software compares the two virtual coronal 
planes to adjust them to reality (Fig. 30.37).

This process concludes the registration for 
image-free technology TKR. Some studies have 
shown that it does not take more than 3 min to 
complete this registration [86].

30.6.4  Execution

Once the frame of reference is created and com-
pleted, the surgeon can navigate any calibrated 
tools into the frame of reference as it can be done 
with CT-based navigation. The surgeon can navi-
gate any kind of instruments such as jigs, saw, 
burr, guide wires, into the virtual frame of refer-
ence if the tool is attached to a tracker and cali-
brated (Fig. 30.38).

There are different software for different sur-
gical approaches. Most of these image-free or 
image-based systems allow the surgeon to choose 
with either the measured resection technique 
with femur first or tibial first or the gap balancing 
technique. The measured resection technique 

a b

Fig. 30.36 (a) Pointer locating medial and lateral tibial condyles references and (b) This tool named “4 contact points” 
checking distal, posterior condylar alignments and the knee centre
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Fig. 30.37 Image-free navigation frame of references in 
TKR
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uses collected anatomical landmarks. Usually in 
the tibial first technique, the tibial cut is per-
formed resecting enough bone to accept a 10 mm 
thick tibial implant. The gap balancing technique 
involves measuring medial and lateral gap in 
flexion and extension. The computer measures 
the exact distance between the tibial cut and the 

posterior condyles using special laminar spreader 
with or without N/m gauge, Then, according to 
these measurements, the computer suggests ideal 
femur position and cuts prior to perform them all 
(Fig. 30.37) [87]. At the very end of the surgical 
execution, the surgeon and their team can verify 
the final alignment and kinematics (Fig. 30.39).

Fig. 30.38 Femoral cut planning: in grey colour are mea-
sured gaps in extension after tibial cut (13 mm laterally 
and 10 mm medially) on the left and in flexion (14 mm 
laterally and 9 mm medially) on the right. For a size 5 
femur and 10 tibia (middle top) and 1° extended femoral 
component (middle) then the femoral coronal cut at 90° to 

the femoral axis resects 8 mm distal lateral and 9 mm dis-
tal medial condyles. 6° external rotation on the femur 
(right image) resects 6 mm postero-lateral and 11 mm 
postero-medial condyles generating a well balanced knee 
around 2 mm gaps in flexion and extension

Fig. 30.39 Alignment and kinematic assessments
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30.7  Summary

Since its inception in the middle of the 1990s, 
CAS in knee surgery has made tremendous prog-
ress. Although it took years for the technology to 
make its way in the orthopaedic theatre [88], 
more recently, the introduction of several robots 
in the field and major industry marketing cam-
paigns have refocused attention on 
CAS. Whatever technology is used, to gain the 
best outcomes it becomes crucial to understand 
the theory behind these mysterious surgical tools 
and that is the purpose of this chapter.

Acknowledgements Ludovic Picard for his help with 
figures and Dr. Branislav Jaramaz for allowing me to use 
some of his designed figures.
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31.1  Introduction

For any surgical procedure, it is important to 
understand the basics, biomechanics and tech-
niques used to achieve the desired results. The 
techniques keep on changing with time to get bet-
ter results and reduce the complications. 
Computer navigation is one such development. It 
has helped to do the surgery more accurately and 
help implant placement in desired place. We out-
line some of the important considerations of the 
knee replacement surgery first and then the vari-
ous steps used to perform navigated surgery. The 
biomechanics of the knee joint are still not fully 
understood properly. The principles that have 
developed over the decades of surgical experi-
ence are similar for both primary as well as revi-
sion knee replacement surgery. The main 
objective of the total knee arthroplasty is to 
achieve a well aligned, stable knee with soft tis-
sue balancing resulting in good function for the 
patient. This needs placement of components in 
an accurate orientation and position, good patel-
lar tracking and achieves soft tissue balance. The 
desired alignment issue is still hotly debated 
whether to aim for a mechanical axis (which can 
be defined for a specific person in terms of num-
bers/angle to achieve) or kinematic axis (which is 

difficult to represent, in terms of numbers/angle, 
for a given individual). After a review of the pub-
lished literature, it seems desirable to achieve 
alignment within few degrees of a neutral biome-
chanical axis, which is an imaginary line passing 
through the centre of head of femur, knee and 
ankle. The biomechanical axis is different for dif-
ferent individuals and is not constant. For consid-
ering the operative procedure of total knee 
arthroplasty, one needs to analyse each compo-
nent of this, including the femoral mechanical 
axis, the tibial mechanical axis and the soft tis-
sues holding these two together. The femoral 
mechanical axis connects the centre of femoral 
head to the centre of knee. Conventionally, sur-
geons have used 5°–7° angle to the anatomical 
axis. Anatomical axis has been used as a refer-
ence in conventional surgery. It represents a line 
that passes through the midline of the femoral 
shaft. But this is not true for every patient and can 
differ in individuals. A study on 158 patients 
including 174 primary total knees showed the 
mechanical anatomical angle can range from 2° 
to 9° and in 23.6% cases was either less than 5° 
or more than 7° [1]. The study used long-leg 
radiographs to calculate both the anatomical and 
biomechanical axis. A conventional standard dis-
tal femoral cut of 5° or 7° valgus, perpendicular 
of the anatomical axis, may not result in the 
desired angle of 90° to the biomechanical axis. 
Also, the position of intramedullary rod, which is 
used to reference the distal femoral cut in con-
ventional surgery, can be very different in same 
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femur when placed multiple times, as the medul-
lary canal is very wide as compared to the diam-
eter of the intramedullary rod, based on which 
the femoral cutting jig is guided. It is difficult to 
achieve a desired distal cut conventionally using 
the intramedullary rod. Computer-guided naviga-
tion helps us to achieve the desired angles with 
more precision and accuracy.

Similarly, for anterior and posterior femoral 
cut guidance, many alternatives can be used as a 
reference. These include dorsal/posterior condy-
lar axis, transepicondylar axis, whiteside’s line, 
kinematic alignment axis or parallel proximal 
tibial cut with gap technique. Majority of sur-
geons, with conventional instrumentation, use 3° 
external rotation to posterior condylar axis as ref-
erence for orienting the rotation of the femur. It 
has been proposed in biomechanical studies that 
the transepicondylar axis represents the axis 
around which the knee moves in sagittal plane. 
Recently, there has been emphasis on kinematic 
axis though it is hard to define. We carried out a 
study in our institution on 48 knees. The angle 
between posterior condylar plane and transepi-
condylar plane was measured using computer 
navigation. This difference in the two planes 
ranged from10° internal to 7° external rotation 
with a mean internal rotation of 0.75° and stan-
dard deviation of 3.7°. Over half (52%) the knees 
had a difference of more than 3°. These biome-
chanical studies show that it may be very difficult 
if not impossible to know the desired mechanical 
and rotational axis, and achieving the exact num-
bers with conventional surgery is even more dif-
ficult. Computer navigation enables one to see on 
the computer screen during surgery itself, exactly 
where the bone cut is made. Though one achieves 
the exact cuts, it is also very important to achieve 
the soft tissue balance for good results. The com-
puter navigation also helps in that step. The main 
benefit of computer navigation is that it shows the 
exact results during surgery itself on the screen 
and surgeon can correct any errors during the sur-
gery itself. Surgeon can aim for different orienta-
tions and is not restricted to use a specific plane 
for the cut. It shows where the cuts are oriented, 
thus helping the surgeon to achieve the desired 
orientation.

The computer-assisted navigation has also 
challenged the concept of traditional static varus 
or valgus deformity (which is the coronal plane 
angle between femoral and tibial axis in exten-
sion position of the knee) of the knee. The femo-
rotibial mechanical axis is not only different in 
different individuals but also changes with differ-
ent postures in same person. We carried out a 
study in normal knees and found that femorotib-
ial mechanical axis changes from supine non- 
weight-bearing position to standing 
weight-bearing posture [2]. The knee tends to go 
into more varus on standing, if the original supine 
deformity is up to a mean of 2.7° valgus. On the 
other hand, the knee tends to go in valgus on 
standing, if supine posture deformity is more 
than 2.7° valgus. The knee also has a tendency to 
go in a further extension with weight-bearing, 
with mean of 5° [2]. Hence, the deformity in knee 
is not a static constant value but is a dynamic 
entity and changes with the posture.

We coined the term ‘dynamic mechanical 
axis’ to include the changes that happen with 
posture and movement of the knee [3, 4]. In con-
ventional surgery, the collateral soft tissue 
releases are done on the basis of initial deformity 
in extension, the ‘static’ mechanical axis, varus 
or valgus. For a static varus deformity with the 
knee in extension, a soft tissue release of various 
structures on medial side is done stepwise, till the 
surgeon can speculate on correction of the defor-
mity with his/her own judgement. Same thing 
holds true for the valgus deformity of the knee, 
where the lateral structures are released with the 
aim to achieve a balance of the knee and get the 
desired alignment. It is difficult to imagine con-
ventionally with naked eyes, what effect these 
releases have on final biomechanics of the knee. 
The use of computer navigation has made us 
realise that arthritic knee kinematics behave dif-
ferently in different degrees of flexion. The 
dynamic mechanical axis not only changes with 
weight-bearing but also with flexion position of 
the knee as it goes from extension to flexion.

The dynamic mechanical axis, through the 
range of movement, was analysed and classified 
to assess kinematics [4]. This Deep’s classifica-
tion describes four main groups (1, 2, 3 and 4) 
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with further eight subgroups (1A, 1B, 2A, 2B, 3, 
4A, 4B and 4C) (Table 31.1).

The N type represents a neutral axis and the 
rest denote a varus or valgus as the starting point 
in extension and then the class type denotes how 
the deformity behaves, when the knee flexes. 
Approximately only 15% of knees behave in a 
true varus or valgus fashion, class 1A. Majority 
of the knees (85%) do not behave this way.

It was also observed that the knees may not 
behave in a constant fashion beyond 90 degrees 
of flexion. One can see from Table  31.1 that a 
class 3 or class 4C knee (approximately 15%) is 
one deformity in extension and opposite defor-
mity in flexion (Fig. 31.1a), so we need to be very 
careful in performing any ligamentous release for 
these deformities. Thus, a medial or lateral 
release for class 3 or class 4C knee may be com-
pletely unnecessary or even make the knee worse 
leading to flexion instability. This analysis of the 
dynamic mechanical axis becomes important in 
the complex knee situations, as the naked eye 

cannot predict these patterns and chance of com-
plication in these knees becomes more. In major-
ity of primary knees, collateral releases may not 
be required at all, to balance the knee if using a 
computer navigation technique [5].

31.2  Rationale of Using CAOS 
in TKR

Computer-assisted technique guides the surgeon, 
to know the individual patient’s specific anatomy, 
based on which he/she can formulate the plan for 
the bone cuts and balancing of the ligaments. 
Each patient-specific biomechanical axis is 
formed, and based on this the best cuts can be 
made to achieve the results.

It also helps with the ligamentous balancing. 
With stress testing and gap balancing, the sur-
geon is able to balance the knee not only in exten-
sion but also throughout the flexion.

We measured normal knee laxity and quanti-
fied it for guiding the surgeon as to how much to 
aim for, when stress testing the laxity during sur-
gery [6]. It has been proven in various studies that 
computer navigation increases the accuracy of 
anatomical placement as compared to conven-
tional techniques [7–10]. This is shown not only 
in individual studies but also in meta-analysis too 
[7, 9, 10]. In Mason et al., meta-analysis which 
included 29 studies, authors concluded that a 
chance of malalignment of biomechanical axis 
by more than 3° happened in 9% of knees done 
with computer navigation as compared with 31% 
of knees done with conventional techniques. 
There has been an occasional study which did not 
recognise this benefit [11].

It has also been proven that malaligned knees 
do not perform as well and fail early, in com-
parison to well-aligned knees [12–14]. In a 
study, it was shown that the rate of loosening at 
a median of 8 years was 3% in knees with bio-
mechanical axis within 3 degrees of neutral, as 
compared to 24% for those which fell outside 
this range [14].

It is hoped that computer-assisted orthopaedic 
surgery (CAOS) can prevent early failures and 
lead to better function and increased longevity of 

Table 31.1 Deep’s Classification of coronal deformity 
of arthritic and replaced knee as the deformity changes 
from knee extension to 90° flexion, dynamic mechanical 
axis [4]

Main group
Class/
Type

Coronal deformity as the knee 
flexes from extension to 90° 
flexion

Neutral (N) Remains neutral
Varus/Valgus
1 1A Deformity remains same

1B Deformity increases
2 2A Deformity decreases but does 

not reach neutral
2B Deformity decreases and 

reaches neutral
3 3 Deformity becomes opposite 

deformity (varus becomes 
valgus and valgus becomes 
varus)

4 4A Deformity first increases then 
decreases but does not reach 
neutral

4B Deformity first increases and 
then decreases to reach neutral

4C Deformity first increases and 
then becomes opposite 
deformity (varus becomes 
valgus and valgus becomes 
varus)
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the implants. There are many studies and meta- 
analysis in literature to show improved functional 
outcomes [15–19]. In the Australian joint regis-
try, at 11  years, in the computer-assisted TKA, 
the revision rates were lower than TKA done 
with traditional instrumentation in patients under 
55 years of age [20].

Use of CAOS has also been shown to reduce 
the blood loss [21]. This possibly is explained by 
the use of intramedullary jigs used in conven-
tional surgery, violating the medullary canal, 

leading to more bleeding. In the computer navi-
gation, surgeon does not need the intramedullary 
rods for guidance of the femoral cut.

Computer navigation has also been shown to 
reduce the incidence of cranial emboli, as com-
pared to conventional methods [22]. This is also 
significant in patients with pulmonary compro-
mise especially when simultaneous bilateral knee 
arthroplasty is being performed.

CAOS has also been shown to produce a gait 
pattern more like a natural knee in comparison 

a

b

Fig. 31.1 (a) Graphic representation of knee biomechan-
ics in coronal plane as it flexes—pre-TKR (Class 3 on 
Deep’s Classification) [4]. (b) Graphic representation of 

knee biomechanics in coronal plane as it flexes—pre- 
TKR on left hand side (Class 4A on Deep’s Classification) 
and post-TKR (Neutral) on right hand side [4]
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with conventional surgery [19]. It has also been 
shown to be of help in training the surgeons and 
can give consistent results even in trainee’s 
hands, which compare well with experienced sur-
geons [23, 24].

Disadvantages
The weakest link is the surgeon. If the surgeon 

does not register the exact anatomy, the results 
may be worse. Computer screen can only show 
the surgeon, what to do or what he/she is doing; it 
is in hands of surgeon to decide the aim and 
achieve it.

The learning curve period, which is very short 
(up to 20–30 cases), may initially lead to an 
increase in the operative time [25]. As the sur-
geon gets more experienced, it comes to similar 
time taken as in conventional surgery. During the 
learning curve, accuracy is not affected and is 
equivalent to experienced surgeons; only the 
time taken is more in those initial 30 patients, 
which is true for any new surgical procedure the 
surgeons train for. Constant visual feedback 
using computer navigation can potentially 
reduce the learning curve compared to other sur-
gical techniques [26]. In comparison with con-
ventional TKR, navigated TKRs have an 
increased operative time of approximately 
10–20 min in the beginning [25].

Due to the use of sophisticated equipment, 
computer-navigated surgery does add to the over-
all costs [27]. But this can be offset by the reduc-
tion in instrumentation, sterilisation costs and 
perhaps a reduction of long-term revision. It is 
hoped to prove cost efficient rather than expen-
sive with increased usage.

There is also a potential for tracker attachment 
site morbidity. An occasional case of fracture has 
been reported when an 82 year-old lady had a fall 
[28]. In our experience of more than 5000 
computer- assisted navigated surgeries, no frac-
tures were seen.

31.3  Operative Technique

There are many navigation systems on the market 
and the exact technique can differ with each com-
pany or system, although main underlying prin-
ciples are similar. We describe the technique used 

here, in an imageless registration method, which 
is one of the most commonly used techniques. 
We describe here the steps, which are important 
from navigation point of view only, rather than 
details of the full TKR procedure. Surgeon must 
know how to do a conventional knee replacement 
arthroplasty and its principles. This involves vari-
ous stages, as in conventional surgery.

31.3.1  System Setup

The patient and part preparation are done as per 
conventional surgery. The lower limb is prepared 
from upper thigh to the foot. It is important for 
the surgeon to be able to access the ankle for 
proper registration of anatomy of the malleoli. 
The knee joint exposure is done as usual.

Patient information and side are recorded in 
the computer system. The trackers and instru-
ments are registered with the system and cali-
brated as needed. The rigid bodies/trackers are 
attached to tibia and femur with various means, 
depending on the computer system one is using 
(Fig. 31.2).

The infrared wave camera is adjusted so that it 
is in direct line of sight of both the trackers and is 
at appropriate distance to the surgical field to give 
accurate measurements. The computer screen can 
indicate if the camera is not in line of sight to the 
trackers. The anatomy registration process may 
feel initially lengthy, but in practice takes only 
3–5  min when you are familiar with the 
procedure.

Fig. 31.2 Shows the trackers attached to femur and tibia
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31.3.2  Registration 
of Biomechanical Axis

Kinematic hip centre is calculated by taking the 
leg through multiple movements, which will 
pivot on to the centre of motion of the hip joint. 
Various systems use different methods like 
using only one circle of 10–15 degrees of arc 
(Fig. 31.3).

Once the hip centre has been registered, the 
distal femoral centre is registered by a pointer 
attached with a tracker/rigid body. The knee 
centre calculation method may differ with dif-
ferent systems and can be kinematic where 
automatic calculation of the kinematic centre 
can be done by the computer as with the hip 
centre. Knee joint is put through the external 
and internal rotations and flexion—extension, 
and the computer calculates the kinematic cen-
tre of the knee (Fig. 31.4).

Centre of tibia is also registered with the 
pointer. The ankle centre is calculated by regis-
tration of most prominent points on medial mal-
leolus and lateral malleolus with the pointer 
(Fig. 31.5).

This completes the information for the com-
puter to calculate the biomechanical axis for that 
patient, as the centres of the hip, knee and ankle 
have been registered (Fig. 31.6).

Fig. 31.3 Showing the hip centre being registered in the 
computer

Fig. 31.4 Shows the knee centre being registered in the 
computer

Fig. 31.5 Shows the ankle centre being registered

Fig. 31.6 Shows the mechanical axis in coronal and sag-
ittal alignments
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31.3.3  Distal Femoral Anatomy 
Registration

The registration of the distal femoral anatomy is 
done by various methods used for different sys-
tems. It can be either using a single point regis-
tration technique or using surface painting 
technique. The distal femoral condyles are 
marked. Some systems also use posterior femo-
ral condyle registration for calculating the size 
of the femoral component required. Anterior 
femoral cortex is also registered to size and 
avoid impingement anteriorly. Surgeon needs to 
be careful to include the most anterior part of 
the femoral cortex especially on the lateral 
aspect to avoid notching. The femoral rotation is 
registered using anteroposterior axis 
(Whiteside’s line) and/or transepicondylar axis 
depending on surgeon’s preference and system/
software being used. The importance of accu-
rate registration cannot be overemphasised, as 
the femoral component rotation and cuts depend 
on this. We used a method of palpating the epi-
condyles in 100 consecutive patients, who were 
undergoing TKR with navigation. It was not 
possible to feel the clear prominence of the 
medial and lateral epicondyles by routine palpa-
tion through routine exposure in 92 cases by the 
surgeon (KD) and his assistant. Exposing the 
epicondyles with a small exposure trick, it was 
possible in 99 cases to feel the prominent epi-
condyles clearly by both the surgeon, as well as 
his assistant. The method has since been con-
firmed with other surgeons. Take a scissor with 
closed tips and push it through the synovium in 
medial and lateral gutters at the level of epicon-
dyles. Then open the limbs of scissor and with-
draw it with the open limbs. This will create a 
small hole/space in the synovium of the medial 
and lateral gutter, through which the surgeon’s 
finger and pointer can go posterior to the syno-
vial fold and the epicondyles can be palpated 
clearly (Figs. 31.7 and 31.8).

31.3.4  Proximal Tibial Anatomy 
Registration

The anatomy of the proximal tibia is registered 
for centre of tibia and depth of the cuts. The deep-
est points of the tibial plateaus are registered by 
either a single point technique or surface painting 
technique. The AP axis of the tibia is also regis-
tered in some systems keeping the registration 
pointer in line with the junction of medial third of 
tibial tuberosity. Its validity is debatable, as in 
conventional surgery. Rotation of the tibial com-
ponent is surgeon-guided rather than 
computer-guided.

Fig. 31.7 Shows the lateral gutter small incision to pass 
finger and palpate the epicondyle

Fig. 31.8 Using the computer navigation pointer to pal-
pate and register the lateral epicondyle
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The sequence of above registrations may be 
different in different navigation systems and soft-
ware, but the basic principles remain similar.

31.3.5  Femoral Cuts

The surgeon is now ready to make the bone cuts 
after the registration of the anatomy is complete. 
The distal femoral cut is normally guided by the 
computer at 90° to biomechanical axis (or where 
the surgeon desires), independent of where the 
anatomical axis lies. Computer navigation screen 
shows the thickness/depth of the distal femoral 
cut which is being made in relation to the regis-
tered medial and lateral femoral condyles. Any 
deviation from the mechanical axis in coronal 
plane is shown on the screen and surgeon can 
adjust the position. The jig, with the attached 
tracker, is pinned in correct orientation to the 
femur and the cut is made (Fig. 31.9).

The rotational femoral cut is oriented accord-
ing to surgeon preference. Some surgeons use 
transepicondylar line as their reference, while 
others use Whiteside’s line as the reference 
(Fig.  31.10). The method of using 3° external 
rotation to dorsal condylar axis should be dis-
couraged as it can vary considerably from person 
to person. Some surgeons also use gap method 

and while doing the tibial cut first, the flexion and 
extension gaps are tensioned and balanced.

Authors use transepicondylar axis or soft tis-
sue gap balancing guided cut, as our reference for 
femoral rotation.

The size of the femoral component may be 
suggested by the computer, but the final decision 
lies with the surgeon who must make sure of the 
correct size, before making any cuts as adjust-
ments can be done at this stage. The size can also 
be confirmed with conventional jigs. Surgeon 
should make sure there is no potential for notch-
ing the anterior cortex and the flexion gap is bal-
anced. It is suggested to use the angel wing or 
similar tool to identify any potential anterior 
notching before making the cut. It is also useful if 
registration of the anatomy is doubtful. The 
potential notching is also shown on the computer 
screen. The orientation in sagittal plane is also 
shown by the computer. The cutting jig attached 
with the tracker is pinned to the femur, in appro-
priate orientation under the computer guidance 
and the remaining cuts are made.

The osteophytes are excised at appropriate 
stage. Posterior condylar clearance is done as 
appropriate and confirmed once the posterior 
condyles are cut, not to leave any posterior osteo-
phytes. If the surgeon plans for posterior cruciate- 
sacrificing or -stabilising implant, appropriate cut 
is made with help of the jigs.

Fig. 31.9 This shows the distal femoral cut orientation in 
coronal and sagittal planes as well as the depth of the cut 
on medial and lateral sides

Fig. 31.10 Shows the rotational position of femoral cut-
ting jig parallel to epicondylar axis (which is 5° to dorsal 
condylar axis in this case) and 0 mm to anterior cortex
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31.3.6  Tibial Cut

The tibial jig attached with the tracker, is fixed to 
the tibia in correct orientation as shown by the 
computer screen. Some softwares allow for tibial 
cut first, before femoral cut, especially if using 
gap balancing technique. The computer shows 
the sagittal and coronal plane orientation 
(Fig. 31.11).

The axial plane orientation is ignored at pres-
ent as the desired standard landmark of rotational 
alignment of tibia is unknown. The computer 
shows the depth of the tibial cut in relation to reg-
istered medial and lateral tibial plateaus. Most 
surgeons use 90° to the mechanical axis in the 
coronal plane and 0–5 degrees of posterior tibial 
slope as the preferred orientation for tibial cut. 
Once the desired position is achieved, the jig is 
pinned and the tibial cut is made. Any osteo-
phytes are excised.

31.3.7  Component Implantation

After the cuts are made and excess soft tissues 
(Menisci), impinging fat pad and osteophytes are 
cleared, the trial femoral and tibial components 

are put on prepared surface and appropriate thick-
ness tibial insert is used. The knee joint is put 
through range of motion and range of movement, 
alignment in coronal plane, patellar tracking, sta-
bility and ligamentous balance are noted. If there 
is need of ligamentous release to correct the varus 
or valgus deformity, it is done at this stage (not at 
the beginning of the procedure). In our experi-
ence it will, only rarely, be necessary to do any 
additional collateral ligamentous release, apart 
from the release needed to expose the joint 
enough to make the femoral and tibial cuts [5]. 
This may be to do with the fact that, with use of 
computer navigation we are able to produce 
appropriate biomechanics, making the accurate 
cuts. Surgeon can assess, by looking at the com-
puter screen, any deviations from expected in dif-
ferent planes at any point of flexion and the range 
of movement. One can also assess the stability by 
using varus and valgus stress and assessing the 
deviation produced in the coronal plane. Thus we 
are able to balance the knee not only in extension 
but also throughout the range of flexion. Once the 
surgeon is happy with the result, the tibial rota-
tion is marked on the trial component and femo-
ral drill is used for the lug holes as needed by the 
design of the prosthesis.

Fig. 31.11 Shows the 
proximal tibial cut 
orientation in coronal 
and sagittal planes and 
the depth of the cut on 
medial and lateral sides
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The proximal tibia is prepared according to 
the design of the tibial component to be inserted. 
Further steps are followed as in conventional 
surgery for implanting the prosthesis. For the 
uncemented components, the definitive prosthe-
sis is inserted directly after cleaning surface for 
any debris. For the cemented components, the 
bone ends are washed and cleared of any debris 
and the prosthesis is cemented in place using the 
modern cementing techniques. The final result 
is then seen and recorded in the computer 
(Fig. 31.12).

The final kinematics, range of movement, cor-
onal deformity, stability and patellar tracking are 
assessed before proceeding to closure.

31.4  Summary

CAOS thus helps with the surgical procedure 
including pre-operative kinematic analysis, step-
wise intra-operative guidance, post-operative 
kinematic analysis and surgeon can objectively 
document the result of the procedure. Its use is 
well proven in the literature. It not only helps 
with accuracy of placement but also helps reduce 
the blood loss, emboli and helps training of the 
new surgeons. A proper pre-operative planning 
and execution is important, as the computer can 
show what surgeon is doing, but the surgeon has 
to decide what he/she is aiming for. There are 
many navigation systems on the market and use 

of each differs to some extent. The surgeon must 
familiarise with the system and science behind it, 
to be able to use the system properly.
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32.1  Introduction

Unicondylar Knee Replacement [UKR] also 
named Unicompartmental Knee Arthroplasty 
[UKA] has been used to replace partial articular 
damage since the 1970s [1]. However, according 
to the National Registries in England, New 
Zealand and Australia, the percentage of UKA 
performed represents less than 10% of the total 
number of knee replacements [2–4].

Murray et  al. stated that up to 50% of knee 
replacements could benefit from partial knee 
replacement surgery (PKA) [5]. Two-thirds of 
patients with end-stage knee OA could potentially 
be treated with PKA or combined partial knee 
arthroplasty (CPKA) [6]. One of the reasons for 
the lack of confidence in the use of UKA is based 
on published long-term results showing that UKA 
revision rates are some three times higher than the 
most used alternative, Total Knee Replacement 
(TKR) [7]. UKAs are suitable for both medial and 
lateral compartments [8] or even for bi-unicom-
partmental knee replacements (BUKAs) [9].

It is very well established that correct surgical 
indications (i.e. patient selection) and optimal 
surgical techniques are the two main factors 
yielding good long-term outcomes in UKAs [10, 
11]. A recent review of failed UKAs found that 
the most common reasons for failure were aseptic 
loosening (36%), progression of osteoarthritis 
(20%), unexplained pain (11%) instability (6%), 
polyethylene (PE) wear (4%) and dislocation 
(17%) with mobile-bearing PEs. Amongst these, 
only PE wear is material related whereas all oth-
ers could be potentially due to uncontrolled or 
unsolved surgical challenges [12].

The best way to minimise UKA revision rates 
is to perform more than 20 UKAs per year, use 
UKA for at least 20% of total number of knee 
arthroplasties and even up to 40% and 60% for 
some [10, 13]. Finally, MIS in UKA has been 
identified as a risk factor for revision (11% at 
2 years follow-up) [14]. In order to avoid early 
disappointing outcomes, new conventional 
instrumentation [15] as well as computer- or 
robotic-assisted surgery technology have evolved 
to offset the technical challenges of UKAs [16]. 
Mimicking those systems used in TKR, three 
computer-assisted surgery (CAS) techniques 
have been developed, namely navigation, robot-
ics and patient-specific instrumentation [PSI] 
[17–19].

The purpose of this chapter is to review the 
use of navigation in UKA. We reviewed the prin-
ciples and surgical details of commercially avail-
able navigation systems. We then reviewed the 
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results of navigated UKAs discussing the pros 
and cons of this technology as well as its place in 
the computer-assisted surgical toolbox. We con-
cluded with an overview of what the literature 
tells us about the effectiveness of this 
technology.

32.2  Surgical Technique

Whether the surgeon decides to proceed to a fixed 
or a mobile-bearing component or whether they 
are using metal backed or all polyethylene com-
ponents, the general principles of the UKA surgi-
cal procedure remain the same [20]. However, 
there are few detailed differences which we will 
cover in the technical descriptions.

Most UKAs are used to replace medial femo-
rotibial degenerative changes related to osteoar-
thritis (OA), osteonecrosis (ON) or post-traumatic 
damage, these being the most common indica-
tions for UKA [11]. UKA can also be performed 
on the lateral compartment in about 1% of cases 
according to the literature [8]. We described some 
of the technical surgical details useful for navi-
gated lateral compartment UKA.

As for TKR, four steps are necessary in navi-
gated UKA (Setup, Registration, Planning and 

Execution) as in generic computer-assisted surgi-
cal procedures (see Chap. 30). Depending on the 
system being used, planning can be performed 
either pre-operatively if this is an image-based 
navigation or robotic system or it can also be 
done intra-operatively with an image-free navi-
gated or robotic system [21, 22].

32.2.1  Medial UKA

32.2.1.1  Patient Setup
The patient lies supine on the table usually with a 
lateral support on the side of the surgery. 
Sandbags or leg supports are used to stabilise the 
knee at around 90° flexion. Most surgeons use a 
tourniquet which is inflated to the preferred pres-
sure, usually 250 mmHg, though Sephton et al. 
report not always needing tourniquet control 
[23]. The surgeon is usually on the lateral side of 
the operated knee, but some prefer to be on the 
opposite side of the knee leaving the non- 
operative leg dangling at the end of a partially 
broken table or with the foot lying on a standing 
stool with the knee flexed (Fig. 32.1) [24].

The assistant is usually on the opposite side 
and the scrub nurse at the end of the table with 
instrumentation on a standard table or a Mayo 

Fig. 32.1 Patient setup. 
Computer on the 
opposite side of the 
surgery but can also be 
placed on ipsilateral side
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stand. Depending on local protocols and prefer-
ences, local anaesthetic blocks or catheters can 
be utilised in Hunter’s canal to help the post- 
operative recovery [25]. Most teams now use spi-
nal and regional anaesthesia, but some still use 
general or epidural anaesthesia [25].

32.2.1.2  Hardware Setup

Camera
Most navigation systems are placed on the oppo-
site side of the operated leg as they use electronic 
optical systems which require constant visibility 
of LEDs during surgery with line of sight (see 
Chap. 30). However, the system can also be 
placed on the ipsilateral side as long as line of 
sight tracker visibility is respected. The normal 
average distance between the knee and the cam-
era is about 2 m with a working volume of about 
1.2 m which should visualise most of the whole 
limb and the bone trackers placed for the registra-
tion process. Newer cameras have greater work-
ing volumes of up to 2.3 m (Fig. 32.2).

Fluoroscopy System
Patients are also positioned supine on a radiolu-
cent table with the operative thigh resting on a 
supported gel bolster off the side of the table thus 
allowing greater than 90° of knee flexion. 

FluoroGuide tracks an ordinary fluoroscope via a 
frame, which acts as a Digital Rigid Body (DRB), 
clamped to the image intensifier. The frame is 
equipped with a regular grid of small metal beads 
that appear in the fluoroscopic images; the beads 
are used to correct distortion in the images and to 
calibrate the location of the radiographic source. 
The system still requires the use of an infrared 
camera for tracking such as Polaris (Northern 
Digital Canada) [26].

Trackers
Trackers usually can be placed through separate 
skin incisions on the femoral side and on the tib-
ial side with the two trackers facing the camera 
with a so-called ‘Trump’ sign (like two hand 
palms facing the camera) as shown in Fig. 32.3. 
These trackers may be active or passive and 
anchored on either a two-pin system or 
 self- drilling self-taping screws [27–29]. Trackers 
can also be attached to any instruments such as 
image intensifiers and pointers (Fig. 32.3).

Accelerometer-based Portable Navigation
The KneeAlign 2 (OrthAlign, Inc., Aliso Viejo, 
CA, USA) portable navigation system tracks tib-
ial component alignment with accelerometers 
[30]. The navigation system consists of a display 
console, reference sensor and a tibial jig. The 
tibial jig is fixed to the tibial tubercle, and the 
navigation system displays the tibial mechanical 
axis [31].

Fig. 32.2 Camera and screen position in theatre Fig. 32.3 Tracker locations above and below the knee
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32.2.1.3  Surgical Approach
Minimally Invasive Surgery (MIS) is logically 
preferred but is not compulsory [32–34]. Medial 
UKAs can be approached in the same way as a 
TKR with a small medial parapatellar, subvastus 
or midvastus approach all depending on the sur-
geon’s preference (Fig. 32.4). The Oxford team 
described a medial approach with the thigh lying 
on an arthroscopic U support and with the leg 
dangling. The operation is usually performed 
under tourniquet and via a short paramedial inci-
sion running from the medial pole of the patella 
to the medial border of the tibial tuberosity [35].

This medial approach allows the surgeon to 
release the fat pad, expose the medial aspect of 
the patellar tendon, release the anterior soft tis-
sues and remove all the osteophytes from the 
femur and tibia without releasing the MCL [36]. 
With the MIS approach, the main pros include 

reduced soft tissue damage and postulated better 
function and earlier recovery whereas the main 
con is obviously the lack of visibility especially 
of the lateral compartment [37, 38]. Other sur-
geons perform a standard approach which has the 
advantage of allowing an immediate conversion 
to TKR if necessary [39]. The medial fat pad is 
detached partially from the patella tendon, leav-
ing some of it on the lateral side of the patella 
tendon. The surgeon can assess both the lateral 
and the patellofemoral compartments and the 
ACL (Anterior Cruciate Ligament) easily and 
determine whether to carry on with a UKR or 
change to a TKR.  If a UKR is the preferred 
choice, then removal of the osteophytes from 
both the femoral medial condyle as well as on the 
anterior aspect of the tibial condyle are prerequi-
site steps [40].

32.2.1.4  Registration
The registration processes are as those described 
in the Chapter entitled ‘The Science behind 
Computer Assisted Surgery of the knee’. The 
main difference compared to TKR is the possible 
limited visibility of landmarks with a less or 
mini-invasive approach.

Again, there are two core registration 
concepts:

 – The system is CT- or image-based as are many 
robotic-assisted products on the market and 
the registration process is therefore used to 
match the pre-operative CT 3D reconstruc-
tions to the patient’s anatomy [41, 42].

 – An image-free based system where the intra- 
operative, kinematic and landmark registra-
tion data collection determines the frame of 
reference on which the surgeon will plan and 
execute the surgery [43].

All these systems use a calibrated pointer or 
probe for anatomical landmark data collection. 
The pointer is used as a pen or stylus to collect 
anatomical landmarks through single points [44, 
45] or through a ‘brushing’ technique gathering a 
series of single points [29, 46] sometimes called 
bone-morphing registration depending of the sys-
tem’s requirements [47]. Anatomical landmarks 

Fig. 32.4 Medial approach and trackers with reflective 
spheres

F. Picard et al.
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are collected directly from the exposed knee and 
relevant superficial landmarks of the ankle 
(Figs. 32.5 and 32.6) [47–50].

All imageless systems determine the hip cen-
tre using circumduction movements [43–45, 47, 
50] as described in detail in Chap. 30. Image- 
based systems use knee landmark registration to 
match the pre-operative femur model and its hip 
centre [42]. Fluoroscopy-based hip registration 
requires a series of two hip images from which its 
centre is defined [26]. Finally, there is only one 
system that determines a kinematic centre of the 
knee by manipulating the knee joint respectively 
through flexion and internal and external rotation 
(OrthoPilot® BBraun Tuttlingen Germany) 
(Fig. 32.7) [28, 43, 45].

Once the registration is complete, there are 
then two options.

 – With an image-based system, this data regis-
tration allows matching with the pre-opera-
tive patient’s-specific image (CT/MRI) [42] 
and any planning usually done pre-opera-
tively [51].

 – In a non-image-based system, the data regis-
tration intra-operatively builds a virtual ana-
tomical model upon which planning can 
proceed [33].

Both systems display true anatomy for the for-
mer or outlined virtual anatomy model for the lat-
ter on which the surgeon can verify its validity 
and accuracy. Usually this is done using the cali-
brated pointer to pinpoint relevant landmarks 
which should coincide exactly on the patient’s 
anatomy and computer monitor displays (see 
Chap. 30). At the end of the registration, it must 

a cb d

Fig. 32.5 Anatomical data collection on the knee for registration. (a) centre of the femur; (b) medial femoral condyle; 
(c) medial tibial plateau; (d) centre of the tibia

a cb

Fig. 32.6 Anatomical data collection on the ankle (a) medial malleolus; (b) lateral malleolus; (c) centre of the ankle

32 Navigation-assisted Unicondylar Knee Replacement



444

be added that the surgeon can usually assess 
ROM (Range of Motion) and knee envelope lax-
ity (Fig. 32.8).

After joint anatomy and kinematic assess-
ment, some surgeons may change and convert to 
TKR instead of UKR. Amongst ideal indications 
for UKR are a preserved ROM over 90°, less than 
10° fixed flexion contracture and less than 10° 
residual coronal deformity [52, 53]. The com-
puter’s displayed values after registration facili-
tate these measurements.

32.2.1.5  Planning
As mentioned earlier, planning can be per-
formed prior to surgery if the system is an 
image-based system or during surgery if it is an 
image-free system. Most of the image-based 
systems now also use intra-operative data to 
assess the soft tissue laxity envelope during sur-
gery allowing surgeons to refine their pre-oper-
ative planning [54, 55].

Pre-operative planning is based on concepts 
already explained at length in the previous Chap. 
30. The surgeon can optimise implant size, posi-
tioning, polyethylene (PE) thickness and align-
ment of both femoral and tibial components. 
Pre-operative planning in CT-based navigation or 
in the navigation component of robotic technol-
ogy allows the surgeon to optimally adjust 

implant size and position in the 3-dimensional 
reconstructed patient model. Known sized 
implants, as they are not customised implants, are 
placed to best fit the patient-specific anatomy, 
and optimally to avoid bony or soft issue impinge-
ment with the medial tibial spine or MCL. Once 
satisfied with all these parameters, the data are 
transferred into the intra-operative computer. 
CT-free or image-free planning enables the surgi-
cal team to also optimise position, size and 
implant alignment with respect to the intra- 
operatively registered built-up frame of reference 
(Fig. 32.9).

Anatomical implant position is an important 
objective, but overall knee balance planning is 

a b

Fig. 32.7 Kinematic centres of the hip (a) and of the knee (b)

Fig. 32.8 ROM assessment

F. Picard et al.
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fundamental. Navigation technology provides a 
real-time measuring tool to analyse pre-surgical 
kinematic assessment. This assessment can be 
done with CT-free or CT-based navigation as 
well as robotic platforms. These assessments are 
becoming more and more sophisticated, measur-
ing all movement in the knee during manipula-
tions. This instantaneous evaluation of the knee’s 
soft tissue envelope allows direct feedback not 
only on the surgeon’s manipulations but also on 
the result of any surgical action performed during 
this pre-implant assessment. For instance, medial 
osteophyte removal will change valgus stress 

angles. Each patient has an individual kinematic 
profile (Fig. 32.10).

This pre-cut kinematic envelope added to the 
pre-operative (CT-based) or intra-operative 
(CT-free) planning implant position generates a 
simulation of the end point kinematic profile once 
the bone cuts are done with the trial or final implant 
in place. If needed, the surgeon can modify planned 
implant position and alignment until they are satis-
fied with the final kinematic profile. Once the sur-
geon is satisfied with what is their desired optimal 
positioning, this can then be recorded by the com-
puter to then be used during the execution phase.

a b

Fig. 32.9 (a) Example of planning interface (Navio System S&N); (b) planning interface (OrthoPilot BBraun)

Fig. 32.10 Kinematic 
assessment 
pre-implantation
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32.2.1.6  Execution
Surgeons will execute either the pre-operative 
(CT-based) or the intra-operative (CT-free and 
CT-based) plan. This step is where we can dif-
ferentiate robotic from navigation supported sur-
gery. With robotics, surgeons manually control a 
robotic arm or a handheld robot to perform the 
planned bone cuts, whereas in navigation sur-
geons require to position and fix cutting guides or 
jigs with plain or threaded pins. These jigs are 
equipped with trackers and are usually calibrated. 
As a result, the surgeon can simultaneously see 
the cutting guide position and the patient’s anat-
omy, or an abstract view (Fig. 32.11).

The execution phase involves guiding the cuts 
which could be only on the tibial plateau [28, 50] 
or both tibial and femoral sides [56]. Usually on 
the tibial side, just a few millimetres are resected 
from the medial tibial plateau, which is usually 
worn in its anterior third. The tibial cut follows 
the natural slope of the tibia between 3° and 7° 
[2]. Depending on surgeon’s preference and plan-
ning, the tibial cut is performed at 90° to the tibial 
mechanical axis or with a constitutional varus of 
a few degrees. During navigation-supported sur-
gery, the surgeon must still follow the rules for 

conventionally instrumented surgery, such as 
avoiding damage to the ACL, over resecting the 
medial tibial plateau or undercutting the tibial 
spines [3, 10, 57].

As mentioned already, navigation can be used 
to only guide the tibial cut, with the rest of the 
procedure performed with conventional instru-
mentation [47, 50]. Constant feedback is avail-
able to check the tibial cut preparation with a 
plate probe and also to visualise limb alignment 
and kinematic profile (Fig. 32.12). Other systems 
allow performing both the tibial and femoral 
preparation using computer-guided navigation 
[58, 59].

When the cuts and the implant preparation 
have been completed, trials can be placed to visu-
alise the resulting ROM and the kinematic enve-
lope of the knee. It should be noted that some 
systems use laminar spreaders to measure the 
gaps in flexion and extension. The laminar 
spreaders should be used with caution to avoid 
overloading the lateral compartment (Fig. 32.13). 
Other systems utilise simple spacers.

Finally, once the surgeon is satisfied with the 
projected outcome, either cemented or cement-
less components can be implanted with the usual 

a b

Fig. 32.11 (a) Cutting jig with tracker; (b) interface guiding the tibial cut

F. Picard et al.
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standard surgical provisos and closure as per sur-
geon preference completes the procedure [60] 
(Figs. 32.14 and 32.15).

32.2.2  Lateral Unicompartmental 
Knee Replacement

The lateral unicompartmental knee approach does 
not exactly mirror the medial approach. The techni-
cal tips and tricks which are used to perform the 
lateral approach in UKA are similar as those 
described in TKR.  Firstly, we should avoid com-
pletely detaching the fat pad from its lateral contact 
to the lateral meniscus in order to avoid lateral skin 
necrosis as vessels rise from deep to superficial.

Secondly, divide the lateral retinaculum and 
the synovial membranes in two separate layers Fig. 32.12 Plate probe checking AP and slope of the 

tibial cut

Fig. 32.13 Gap measurements in extension (top) and in flexion (bottom)
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for a better closure and haemostasis of the genic-
ular vessels. Release of the capsule and osteo-
phytes can be completed as required to achieve 
the desired alignment. Usually this is not diffi-
cult, as the main indication for lateral unicom-
partmental surgery requires not more than 10° of 
valgus deformity. Lateral unicompartmental knee 
surgery can also be performed using a standard 
medial TKA approach, again in case the surgeon 
needs to convert to a TKR.

The lateral tibial cut should not be aligned 
with the tibial spine but at the valley between the 
tibial plateau and the tibial spine whether navi-
gation is used or not. The orientation of the lat-
eral tibial surface is different from the medial 

plateau with more rotation. On the femoral side, 
the femoral component is more oblique than the 
medial condyle and this has to be taken into 
account during surgery. Image-based systems 
demonstrate the anatomy more clearly than 
image-free systems. Technically, other than 
using specific lateral jigs, the techniques used 
for lateral UKA are very similar to those used in 
medial UKA. Some systems use laminar spread-
ers or spacers to assess the soft tissue balance 
and flexion/extension gaps. As the lateral com-
partment is laxer, these should be used with cau-
tion so as to not overestimate implant thickness 
and consequently overload the medial compart-
ment afterwards.

a b
Fig. 32.14 (a) 
Pre-operative HKA film; 
(b) medial UKA right

F. Picard et al.
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32.3  Results

See Tables 32.1 and 32.2.

32.4  Discussion

Since the introduction of new technologies such 
as navigation and more recently robotics, mono- 
or bi-compartmental knee replacements have 
gained popularity for isolated medial, lateral and 
patellofemoral compartment osteoarthritis (OA). 
Long-term studies and national registries have 
confirmed the effectiveness in providing good 
functional outcomes and long-term survivorship 
for UKAs [10, 11].

However, UKA and in particular medial UKA 
which is the most performed unicompartmental 
knee, remains a challenging surgery with prema-
ture failure related to implant malposition, 
malalignment and non-routine surgical practice 
[61]. Coronal tibial alignment over 3° and severe 

post-operative limb varus have been shown to be 
negative factors for long-term UKAs survivor-
ship [12]. A tibial slope greater than 7° has also 
been identified as a risk factor for early implant 
failure particularly with deficient anterior cruci-
ate ligament function (ACL) [2].

The premise of computer- and robotic-assisted 
technologies was to mitigate intra-operative tech-
nical challenges by offering surgeons pre- 
operative planning (CT-based systems), along 
with accurate numbers instead of a subjective 
‘feel’, as well as an immediate feedback which 
could help them to accurately and precisely per-
form surgery each and every time even for low 
volume UKA users.

The most recent literature confirms the navi-
gation technology’s promise of improving com-
ponent positioning and reducing radiographic 
outliers (Table 32.2). In CAS total knee replace-
ment (TKR), mid- and long-term results have 
shown no additional complications or risks com-
pared to conventional TKR and it seems that the 

Fig. 32.15 Post-operative computer-assisted UKA

32 Navigation-assisted Unicondylar Knee Replacement



450

Ta
bl

e 
32

.1
 

L
is

t o
f 

st
ud

ie
s 

on
 n

av
ig

at
ed

 U
K

A
 a

nd
 s

ys
te

m
s 

us
ed

A
ut

ho
rs

Y
ea

r
N

um
be

r 
of

 p
at

ie
nt

s 
(k

ne
es

)
St

ud
y 

de
si

gn
N

av
 s

ys
te

m
K

ne
e 

sy
st

em
Ty

pe
T

ra
ck

er
s 

ty
pe

Fi
xa

tio
ns

Je
nn

y 
et

 
B

oe
ri

20
03

60
 (

30
 N

A
V

)
R

et
ro

sp
ec

tiv
e 

re
vi

ew
O

rt
ho

pi
lo

t 
na

vi
ga

tio
n

Se
ar

ch
 p

ro
st

he
si

s,
 A

es
cu

la
p

IF
A

ct
iv

e
Sc

re
w

Pe
rl

ic
k

20
04

40
 (

20
 N

A
V

)
Pr

os
pe

ct
iv

e 
st

ud
y

C
i-

na
vi

ga
tio

n-
 

sy
st

em
, D

eP
uy

Pr
es

er
va

tio
n,

 D
eP

uy
 I

nc
.

IF
Pa

ss
iv

e
Pi

ns

C
os

se
y 

et
 a

l.
20

05
30

 (
15

 N
A

V
)

Pr
os

pe
ct

iv
e 

st
ud

y
St

ry
ke

r 
na

vi
ga

tio
n 

sy
st

em
W

in
do

w
s-

ba
se

d 
St

ry
ke

r 
L

ei
bi

ng
er

 s
ys

te
m

IF
Pa

ss
iv

e
Pi

ns

Je
nn

y 
et

 a
l.

20
06

87
(4

9 
N

A
V

)
R

et
ro

sp
ec

tiv
e 

re
vi

ew
O

rt
ho

pi
lo

t 
na

vi
ga

tio
n

O
xf

or
d 

II
I 

B
io

m
et

/
U

ni
va

tio
n 

I
IF

A
ct

iv
e

Sc
re

w

K
ee

ne
 e

t a
l.

20
06

20
 (

40
)

Pr
os

pe
ct

iv
e 

st
ud

y
C

i s
ys

te
m

 (
D

eP
uy

 
an

d 
B

ra
in

L
ab

)
IF

Pa
ss

iv
e

Pi
ns

Je
nn

y 
et

 a
l.

20
07

60
 N

A
V

Pr
os

pe
ct

iv
e 

st
ud

y
O

rt
ho

pi
lo

t 
na

vi
ga

tio
n

IF
A

ct
iv

e
Sc

re
w

R
os

en
be

rg
 

et
 a

l.
20

08
40

 (
20

 N
A

V
)

Pr
os

pe
ct

iv
e 

st
ud

y
T

re
on

 
pl

us
T

M
—

M
ed

tr
on

ic
O

xf
or

dT
M

 p
ha

se
 I

II
 

m
en

is
ca

l
IF

A
ct

iv
e

Pi
ns

Je
nn

y 
et

 a
l.

20
08

4 
gr

ou
ps

 2
56

 c
on

v.
 9

0 
ol

d 
na

v.
 

Te
ch

. 1
08

 M
IS

 a
nd

 1
20

 M
IS

 
N

av
.

R
et

ro
sp

ec
tiv

e 
re

vi
ew

O
rt

ho
pi

lo
t 

na
vi

ga
tio

n
Se

ar
ch

 p
ro

st
he

si
s,

 A
es

cu
la

p
IF

A
ct

iv
e

Sc
re

w

C
as

in
o 

et
 a

l.
20

09
20

 (
10

 U
K

A
 1

0 
T

K
A

)
Pr

os
pe

ct
iv

e 
st

ud
y

K
in

N
av

 s
ur

gi
ca

l 
na

vi
ga

tio
n 

sy
st

em
Pr

es
er

va
tio

n 
U

ni
t

IF
Pa

ss
iv

e
Sc

re
w

M
a 

et
 a

l.
20

09
98

 (
53

 N
A

V
 4

5 
co

nv
en

tio
na

l)
Pr

os
pe

ct
iv

e 
st

ud
y

Fl
uo

ro
G

ui
de

 (
iG

O
 

te
ch

no
lo

gi
es

)
FB

Pa
ss

iv
e

Pi
ns

L
im

 e
t a

l.
20

09
51

Pr
os

pe
ct

iv
e 

st
ud

y
O

rt
ho

pi
lo

t 
na

vi
ga

tio
n

FR
E

E
D

O
M

IF
Pa

ss
iv

e
Pi

ns

Se
on

 e
t a

l.
20

09
68

Pr
os

pe
ct

iv
e 

co
m

pa
ra

tiv
e 

st
ud

y
O

rt
ho

pi
lo

t
M

ill
er

-G
al

an
te

 (
Z

im
m

er
)

IF
Pa

ss
iv

e
Pi

ns

K
on

yv
es

 
et

 a
l.

20
10

28
(3

0)
Pr

os
pe

ct
iv

e 
st

ud
y

E
IU

S 
(s

tr
yk

er
)

IF
A

ct
iv

e
Sc

re
w

Ju
ng

 e
t a

l.
20

10
42

R
et

ro
sp

ec
tiv

e 
re

vi
ew

eN
ac

t K
ne

e 
N

av
ig

at
io

n
O

xf
or

d™
 p

ha
se

 I
II

 m
en

is
ca

l
IF

A
ct

iv
e

Pi
ns

Sa
ra

ga
gl

ia
 

et
 a

l.
20

12
33

Pr
os

pe
ct

iv
e 

st
ud

y
O

rt
ho

pi
lo

t
K

A
PS

 U
K

A
IF

Pa
ss

iv
e

Pi
ns

D
un

ba
r 

et
 a

l.
20

12
19

(2
0)

R
et

ro
sp

ec
tiv

e 
re

vi
ew

T
G

S
U

ni
co

nd
yl

ar
 K

ne
e 

Sy
st

em
; 

St
el

K
as

t, 
In

c.
Pa

ss
iv

e
Pi

ns

F. Picard et al.



451

W
eb

er
 

et
 a

l.
20

12
40

 (
20

 N
A

V
)

Pr
os

pe
ct

iv
e 

co
m

pa
ra

tiv
e 

st
ud

y
O

rt
ho

pi
lo

t
U

ni
va

tio
n

IF
Pa

ss
iv

e
Pi

ns

N
am

 e
t a

l.
20

13
32

(4
2)

Pr
os

pe
ct

iv
e 

st
ud

y
Pi

G
al

ile
o 

na
vi

ga
tio

n/
K

ne
eA

lig
n

IM
U

Pa
ss

iv
e

Pi
ns

W
eb

er
 

et
 a

l.
20

13
25

8
M

et
a-

an
al

ys
is

V
ar

io
us

V
ar

io
us

V
ar

io
us

N
/A

N
/A

N
am

 e
t a

l.
20

13
65

 (
80

)
R

et
ro

sp
ec

tiv
e 

re
vi

ew
K

ne
eA

lig
n 

2/
A

ch
ie

ve
C

A
S

A
cc

el
er

o.
 v

s.
 

IF
Pa

ss
iv

e
Pi

ns

So
ng

 e
t a

l.
20

16
68

Pr
os

pe
ct

iv
e 

co
m

pa
ra

tiv
e 

st
ud

y
O

rt
ho

pi
lo

t
M

ill
er

-G
al

an
te

IF
Pa

ss
iv

e
Pi

ns

G
ic

qu
el

 
et

 a
l.

20
16

50
 (

59
)

Pr
os

pe
ct

iv
e 

st
ud

y
Pr

ax
im

 S
ur

ge
tic

s
Z

im
m

er
®
 U

ni
co

nd
yl

ar
IF

Pa
ss

iv
e

Pi
ns

Sa
ra

ga
gl

ia
 

et
 a

l.
20

17
Pr

os
pe

ct
iv

e 
st

ud
y

O
rt

ho
pi

lo
t®

 
(B

B
ra

un
-A

es
cu

la
p

K
A

PS
®
 p

ro
st

he
si

s
IF

Pa
ss

iv
e

Pi
ns

M
at

su
i 

et
 a

l.
20

19
70

 (
80

)
R

et
ro

sp
ec

tiv
e 

co
m

pa
ra

tiv
e 

st
ud

y
K

ne
eA

lig
n 

2
O

xf
or

d 
ph

as
e 

II
I 

m
ed

ia
l 

un
ic

om
pa

rt
m

en
ta

l k
ne

e
A

cc
el

er
o.

Pa
ss

iv
e

Pi
ns

Su
da

 e
t a

l.
20

20
51

R
et

ro
sp

ec
tiv

e 
m

at
ch

ed
 

ca
se

–c
on

tr
ol

 s
tu

dy
O

rt
hA

lig
n 

Pl
us

Pe
rs

on
a 

Pa
rt

ia
l K

ne
e 

Sy
st

em
 (

Z
im

m
er

 B
io

m
et

A
cc

el
er

om
et

er
Pa

ss
iv

e
Sc

re
w

32 Navigation-assisted Unicondylar Knee Replacement



452

Ta
bl

e 
32

.2
 

Fu
nc

tio
na

l a
nd

 o
bj

ec
tiv

es
 o

ut
co

m
es

 o
f 

na
vi

ga
te

d 
U

K
A

A
ut

ho
rs

Fe
m

or
al

 c
om

po
ne

nt
 

co
ro

na
l a

lig
nm

en
t 

(d
eg

/p
-v

al
ue

)

Fe
m

or
al

 
co

m
po

ne
nt

 
sa

gi
tta

l a
lig

nm
en

t 
(d

eg
/p

-v
al

ue
)

T
ib

ia
l c

om
po

ne
nt

 
co

ro
na

l a
lig

nm
en

t 
(d

eg
/p

-v
al

ue
)

T
ib

ia
l c

om
po

ne
nt

 
sa

gi
tta

l a
lig

nm
en

t 
(d

eg
/p

-v
al

ue
)

Fu
nc

tio
na

l 
ou

tc
om

e 
te

st
Fu

nc
tio

na
l 

ou
tc

om
es

To
ur

ni
qu

et
 ti

m
e

N
av

ig
at

io
n 

(t
ib

ia
 o

nl
y 

T
O

; f
em

ur
 

an
d 

tib
ia

 
(F

T
);

 F
in

al
 

ch
ec

k 
(F

C
)

C
om

pl
ic

at
io

ns
/

di
ff

er
en

ce
s 

be
tw

ee
n 

N
av

. v
s.

 
C

on
v.

Je
nn

y 
et

 
B

oe
ri

N
o 

si
gn

ifi
ca

nt
N

o 
si

gn
ifi

ca
nt

N
o 

si
gn

ifi
ca

nt
Si

gn
ifi

ca
nt

N
/A

N
/A

N
/A

 o
pe

ra
tiv

e 
tim

e 
67

 v
s.

 8
6 

m
n 

(N
A

V
)

FT
N

/A

Pe
rl

ic
k

N
/A

N
/A

89
/0

.0
4

4.
7/

0.
02

8
N

o
N

/A
19

 m
in

 m
or

e
T

O
C

os
se

y 
et

 a
l.

Te
st

 d
ep

en
di

ng
 o

n 
tib

ia
l z

on
e 

p 
<

 0
.0

5

O
xf

or
d 

kn
ee

 s
co

re
17

 v
s.

 1
8

58
 m

in
 (

23
 

m
or

e)
FT

2 
D

V
T;

1 
SS

I 
tr

ea
te

d 
w

ith
 

or
al

 a
nt

ib
io

tic
s

Je
nn

y 
et

 a
l.

N
/A

N
/A

N
/A

FT

K
ee

ne
 

et
 a

l.
1.

3 
de

g.
 

(v
ar

us
)/

p 
<

 0
.0

01
N

o
N

/A
70

 m
in

 (
17

 
m

or
e)

N
on

e

Je
nn

y 
et

 a
l.

N
o 

si
gn

ifi
ca

nt
N

o 
si

gn
ifi

ca
nt

N
o 

si
gn

ifi
ca

nt
N

o 
si

gn
ifi

ca
nt

N
/A

N
/A

N
/A

 o
pe

ra
tiv

e 
tim

e 
80

 ±
 1

3 
vs

. 
75

 ±
 1

2m
n 

(N
A

V
)

FT
3%

 I
N

 b
ot

h 
gr

ou
ps

R
os

en
be

rg
 

et
 a

l.
91

.1
6

92
.1

1
87

.3
9

85
.7

5
N

/A
N

/A
81

.8
 m

in
 (

11
 

m
or

e)
FT

N
on

e

Je
nn

y 
et

 a
l.

N
o 

si
gn

ifi
ca

nt
N

o 
si

gn
ifi

ca
nt

N
o 

si
gn

ifi
ca

nt
N

o 
si

gn
ifi

ca
nt

N
/A

N
/A

N
/A

FT
FT

C
as

in
o 

et
 a

l.
St

ud
y 

lo
ok

ed
 a

t I
E

 
ro

ta
tio

n 
in

 fl
ex

io
n

R
O

M
N

/A
12

.7
 m

or
e

M
a 

et
 a

l.
−

3.
8/

0.
98

2.
8/

0.
2

−
2.

3/
0.

97
8.

0/
0.

3
W

O
M

A
C

 
an

d 
SF

-3
6

In
si

gn
ifi

ca
nt

N
/A

FT

L
im

 e
t a

l.
N

/A
N

/A
87

.1
/0

.4
−

3.
1

K
SS

In
si

gn
ifi

ca
nt

 
di

ff
N

/A
FT

N
/A

Se
on

 e
t a

l.
91

.0
/p

 =
 0

.1
16

88
.0

/p
 =

 0
.0

04
88

.9
/p

 =
 0

.3
95

86
.9

/p
 =

 0
.9

68
H

SS
, 

W
O

M
A

C
In

si
gn

ifi
ca

nt
90

 m
in

 (
5 

m
or

e)
FT

K
on

yv
es

 
et

 a
l.

N
/A

N
/a

N
/a

N
/A

O
K

S
In

si
gn

ifi
ca

nt
N

/A

F. Picard et al.



453

Ju
ng

 e
t a

l.
Si

gn
ifi

ca
nt

Si
gn

ifi
ca

nt
Si

gn
ifi

ca
nt

Si
gn

ifi
ca

nt
N

/A
N

/A
In

cr
ea

se
 b

y 
15

 m
in

N
/A

N
/A

Sa
ra

ga
gl

ia
 

et
 a

l.
N

/A
N

/A
86

.6
3.

6
N

o
N

/A
N

/A
FT

D
un

ba
r 

et
 a

l.
Si

gn
ifi

ca
nt

?
Si

gn
ifi

ca
nt

?
Si

gn
ifi

ca
nt

?
Si

gn
ifi

ca
nt

?
R

O
M

, K
SS

In
si

gn
ifi

ca
nt

93
 ±

 1
5

N
/A

W
eb

er
 

et
 a

l.
93

.9
5.

6
86

.6
87

.9
K

SS
N

17
 m

in
 m

or
e

FT

N
am

 e
t a

l.
N

/A
N

/A
0.

9°
N

/A
N

/A
N

/A
N

/A
F/

T
W

eb
er

 
et

 a
l.

M
et

a-
an

al
ys

is
N

o
N

/A
15

 m
in

 e
xt

ra
V

ar
io

us
N

/A

N
am

 e
t a

l.
Si

gn
ifi

ca
nt

N
/A

N
ot

 s
ig

ni
fic

an
t

N
/A

N
/A

N
/A

48
.1

 ±
 1

0.
2 

m
in

 
vs

. 
54

.1
 ±

 1
0.

5 
m

in

FT
/N

A

So
ng

 e
t a

l.
90

.8
/<

0.
01

91
.2

/0
.2

3
89

.1
/0

.0
3

87
.0

/0
.1

4
K

ne
e 

R
O

M
, 

H
SS

, 
W

O
M

A
C

, 
V

A
S 

pa
in

 
sc

or
e

Sp
lit

N
/A

FT
N

/A

G
ic

qu
el

 
et

 a
l.

N
/A

N
/A

<
0.

01
0.

11
N

/A
N

/A
N

/A
T

O
N

/A

Sa
ra

ga
gl

ia
 

et
 a

l.
H

K
A

 1
77

.7
3.

9
N

/A
N

/A
FT

M
at

su
i 

et
 a

l.
N

/A
N

/A
86

.7
 (

N
.S

)
82

.0
 (

N
.S

)
R

O
M

, 
K

SS
, K

SF
S

In
si

gn
ifi

ca
nt

11
0.

4 
m

in
 (

44
.2

 
m

or
e)

T
O

Su
da

 e
t a

l.
N

/A
N

/A
1.

0 
(v

ar
us

)/
p 

<
 0

.0
5

7.
0/

p 
<

 0
.0

5
N

N
/A

N
/A

T
O

32 Navigation-assisted Unicondylar Knee Replacement



454

use of these technologies in UKA will be similar 
even though still not fully proven. There is 
increasing evidence to confirm the benefits 
related to coronal sagittal alignment. Whilst there 
is some evidence to show improved positioning 
in terms of better rotational alignment and liga-
ment balancing, this still needs further study in 
particular for sagittal and rotational alignment.

However, there is still little evidence related to 
improved functional outcomes or better long- 
term survivorship as far as computer- and robotic- 
assisted surgeries are concerned, even though 
recent reports show a better early recovery with 
the use of these technologies [54]. It will take a 
few years and thorough analysis to confirm the 
long-term benefits of the use of CAS in UKA. It 
took almost 20  years to identify survivorship 
improvements in TKR and the low frequency use 
of UKA will certainly require longer to demon-
strate a clear trend in revision rates. By 2050, 
Inacio et al. predict 1.5 million TKAs per year in 
the USA and potentially between 8% and 50% of 
these could be undertaken as UKAs, a potential 
600,000 UKAs per year [62].

As in navigated TKR, operative time with 
navigated UKR is increased by an average 17 min 
with a range of 5–44 min (Table 32.2). Additional 
time is easily explained with increasing time 
related to setup and registration even though 
more recent figures for registration in TKR show 
a registration time less than 3 min! [63]. This lon-
ger operating time does not seem to have 
increased the number of complications as previ-
ously noted.

The learning curve in navigated TKR and 
robotic UKA has been well studied, less so with 
navigated UKA. In a recent review, Vermue et al. 
considered the following factors which should be 
included in learning curve studies: time required 
for surgery, stress levels of the surgical team, 
complications with regard to surgical experience 
level or time needed for surgery, size prediction 
of pre-operative templating and alignment 
according to the number of knee arthroplasties 
performed [64]. Out of the 11 selected studies 
they found that the operating time of robot- 
assisted unicompartmental knee arthroplasty 
(UKA) had a learning curve between six and 36 

cases. Surgical team stress levels show a learning 
curve of six cases for navigated robotic 
UKA.  Experience with robotic systems did not 
influence implant positioning, pre-operative 
planning and post-operative complications. There 
is a lack of evidence in navigated UKAs, but we 
can extrapolate the data found in TKR with a 
learning curve between 10 and 20 cases whereas 
the level of stress has never been clearly investi-
gated. It should be mentioned that routine users 
of navigation have a short learning curve in the 
use of other technologies [65].

The additional cost per navigated procedure 
can be close to neutral in comparison to standard 
instrumentation but can be in excess of $19,000 
per robotic case, much depending on the health-
care environment, volume of cases, implant and 
system used and industry contracts. The addi-
tional cost of pre-operative imaging and time to 
plan are often left out of the equation as is the 
cost of the prolonged operative time. Almost all 
systems and supporting software are implant and 
company-specific, and the costs are also signifi-
cantly different on either side of the Atlantic [66].

Most of the studies reviewed were retrospec-
tive or not randomised or prospective with level 
II/III evidence and included small patients’ num-
bers and so were underpowered and poorly con-
trolled [67, 68]. These studies were short- or 
medium-term reviews assessing patients with 
only subjective functional scores, all which 
reduce the possibility of identifying significant 
statistical differences between navigation and 
conventional groups. Moreover, many of the 
early studies were from university centres, high-
volume arthroplasty centres or industry consul-
tants, which may skew the conclusions for 
general orthopaedic surgeons (Table 32.1) [17].

In the future, multicentric studies, large RCTs, 
national registry databases and objective assess-
ments using measuring tools such as gait analysis 
should really be key to identify true functional 
differences between navigation and robotic and 
conventional instrumentation as well as long- 
term benefits.

There are significant differences between sys-
tems in their software, in their setup and in their 
human user interfaces and so it is essential for users 
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to understand how systems work, what they can and 
cannot do. Dissatisfaction can also arise from being 
misguided on commercially biased advertising.

Having finally found a profitable business 
model, all major orthopaedic companies now 
have their own robots: Smith and Nephew (Navio/
CORI), Stryker (MAKO), Zimmer Biomet 
(ROSA), Depuy J&J (Velys), THINK Surgical 
(Former Robodoc) along with many others 
offered by smaller companies. It is worth noting 
that to date only one study using the same robot 
(Praxitles) has shown some benefits over naviga-
tion [69]. This result cannot be extrapolated to 
other systems and only future well- designed 
studies will demonstrate any real short- and long-
term benefits [16].

32.5  Summary

Navigation systems used in UKR have been suc-
cessful; they work. However, at present for this 
technology there is no unique, strongly evidenced 
solution that significantly improves neither on 
patients’ functional outcomes nor on long-term 
benefits. Despite obvious advantages, it will require 
further well-designed studies to confirm if these 
exist and, as more recently demonstrated in TKR, 
analysis of national registry data will eventually 
confirm or not overall outcomes improvement and 
reduction of early and long- term revisions. 
Nevertheless, the technology has proven to be an 
excellent measuring tool giving immediate feed-
back to overcome intra-operative challenges [70].
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Patient-specific Instrumentation 
in Total Knee Arthroplasty

Chetan Sood

33.1  Introduction

The history of 3D Printing started in the early 
1980s, when the inventor Charles Hull, originally 
called it “stereo lithography”. Hull was working 
for a company that manufactured ultraviolet 
lamps to deposit a layer of plastic on surfaces for 
household use items. Hull discovered acrylic- 
based substances called photopolymers which 
harden when exposed to UV light. Once he dis-
covered this, he built a machine that had a UV 
laser to deposit the layers of acrylic into complex 
shapes. One of the main challenges Hull faced 
was writing the code to tell the printer how to 
engrave the acrylic layers.

Additive manufacturing (AM) was developed 
initially as a rapid prototyping tool and is concep-
tually a significant departure from conventional 
“subtractive” manufacturing techniques like 
molding, casting, cutting, and machining which 
are time-consuming, labor intensive, expensive, 
and entail substantial material wastage. There is 
dramatic rise in medical 3D printing applications 
over the past few decades with growth in both 
facility adoption and the versatility of this tech-
nology in medical applications. The unique abil-

ity of medical 3D printing to manufacture 
complex shapes in a variety of materials custom-
ized to the patient’s unique anatomy is a formi-
dable attribute with unforeseeable applications in 
medical industry. An existential change in thera-
peutic applications from “Each patient one 
Solution” to “One patient one Solution” is on the 
horizon.

33.2  Evolution of Patient-specific 
Instrumentation

First published use of PSI in TKA was in the year 
2004 by Hafez MA, Chelule KL, et al. Since then 
a variety of proprietary customized patient- 
specific instrumentation enterprises like 
Visionaire (Smith and Nephew), Trumatch 
(DePuy), Signature (Biomet), and PSI (Zimmer) 
to name a few were introduced as an alternative 
tool to assist in TKA surgery; however, over a 
period of time most of initial enthusiasm with 
customized TKA alignment and cutting guides 
dwindled rapidly mainly due to the very high 
direct and indirect costs involved to procure the 
guides for surgery and a long turnover time to 
manufacture the patient-specific guides; this 
along with a series of initial published reports of 
no substantial benefit in surgery time, accuracy of 
implant placement, blood loss, and postoperative 
recovery dissuaded both surgeons and manufac-
turing companies alike from further pursuing 
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mainstream applications of specific instrumenta-
tion usage in TKA surgery.

Initial challenges faced with using PSI 
guides have now been long overcome; increas-
ing number of high quality studies in the cur-
rent literature now favor PSI usage in TKA 
surgery. PSI has gradually become popular 
among orthopedic surgeons and is poised to 
position itself as a tool to improve component 
alignment and positioning, postoperative func-
tional recovery, and patient satisfaction [1]. 
Using 3D-printed PSI in TKA offers an unprec-
edented opportunity to the surgeon to fit instru-
mentation to patient and not otherwise. A study 
by Wohler’s in 2015 revealed that 13% of all 3D 
printing revenues come from companies that 
are linked to the medical industry. Furthermore, 
to date, more than 100,000 acetabular implants 
have been produced via AM with approximately 
50,000 of them implanted into patients. In 
2018, the additive manufacturing sector has 
grown to a global market of $9.3 billion with an 
annual growth predicted to be above 18%. All 
of these milestones continue to reinforce the 
important role AM now plays in the medical 
industry where custom products tailored to 
each individual can be manufactured.

33.3  Patient-specific 
Instrumentation in TKA

A sculptor is only as good as his tools, a 3D 
printer is only as good as the sophistication of the 
technology it uses and the processed data input it 
receives. Major steps include image acquisition, 
image segmentation (demarcation of the desired 
3D anatomy), creating 3D-printable file types for 
each segmented part, printing, and post process-
ing of 3D medical models. One of the biggest 
barriers in turning 3D printing into a production 
process is material constraints, but we have come 
a long way since the days of proprietary filaments 
and closed door additive manufacturing technol-
ogies. Initial enthusiasm about PSI usage in TKA 
was dampened very early as the PSI designs were 

only offered as implant or company-specific PSI 
guides, and there was a substantial increase in 
overall costs due to the direct and indirect 
expenses involved; long distance communication 
barriers between the surgeon and the design engi-
neers on a virtual platform was time-consuming 
and unsatisfactory, long turnover times typically 
ranging between 30 and 45 days for the produc-
tion and delivery of PSI guides further brought 
disfavor to this method. PSI guides have now 
made a comeback in recent years mainly due to 
availability of open source auto-segmentation 
software, drastic reduction in cost of 3D printers, 
easily available raw materials, and locally avail-
able medical 3D modeling and printing facilities 
for additive manufacturing which in turn ensure 
vital interaction between the surgeon and the 
design engineer; all these factors drastically 
reduced the costs of PSI guide production to 
approximately 10–15% of the proprietary PSI 
guides and at the same time reduce the turnover 
time to less than 07–10  days making it highly 
attractive to the surgeons. A trend toward cloud- 
based open platform and Point of Care (PoC) 3D 
printing of PSI guides using highly efficient 
desktop 3D printers is already on the horizon and 
will further cut down costs and turnover time in 
coming years making PSI an extremely cost- 
effective and user-friendly option to conventional 
TKAs.

33.4  Planning PSI in TKA

Indications for PSI; PSI can be planned for any 
patient who meets the criterion to undergo 
TKA. However, it is especially useful and may 
offer an advantage in certain situations like 
 bilateral TKA cases, coronary artery disease, 
extra- articular deformities, existing metal hard-
ware in the femoral medullary canal, high embo-
lism risk, and geriatric age group.

PSI–TKA surgical planning has four essential 
components, and it is vital for the surgeon to be 
intensely involved in each step for optimum 
results (Fig. 33.1).
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• Medical image acquisition
• Image data processing and three modeling
• Virtual surgical planning
• Manufacturing of PSI

33.4.1  Medical Image Acquisition

Acquiring a high quality is the foundation of a 
high efficiency PSI in TKA.  The images for 
planning a TKA are acquired as per a specified 
imaging protocol preloaded on the imaging 
machine and can vary from center to center. A 
generic CT scan protocol used in our center is 
illustrated (Fig. 33.2). The most common imag-
ing modalities for 3D printing PSI are computed 
tomography (CT) and magnetic resonance 
imaging (MRI). The international standard for-
mat for these imaging files is Digital Imaging 
and Communications in Medicine (DICOM), 
these files containing medical images once 

acquired can be segmented and converted to a 
file type that is recognized by 3D printers. 
Common file types include Standard Tessellation 
Language (STL), OBJ, VRML/WRL, AMF, 
3MF, and X3D [2].

33.4.1.1  Image Spatial Resolution 
and Slice Thickness

Medical imaging data for production of PSI 
should have sufficient spatial resolution to cap-
ture the native anatomy of the knee in great detail. 
Slice thickness, which influences the spatial reso-
lution and image noise should be optimized, a 
large slice thickness will result in stair-step 
boundaries which may be seen in the 3D model 
(Fig. 33.3). For CT, in combination with scan dis-
tance, collimation (the thickness of the X-ray 
beam) and overlap need to be optimized; cone 
beam CT has technical differences with conven-
tional CT, and often results in a lower patient 
radiation exposure and subsequently less image 

Protocol based CT/MRI
Scan for Image acquisition Cloud based Platform

Design Team

Mobile App for planning

Operating Surgeon

Virtual Surgical Planning

3D printing of PSI for TKA

Workflow of PSI—TKA Guide Production

Fig. 33.1 Workflow of PSI–TKA guide production
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contrast than typical clinical CT images. Signal 
to Noise Ratio (SNR) is a metric of image quality 
and Contrast to Noise Ratio (CNR) is the ratio of 
the difference in signal strength (contrast) 
between two areas with noise scaling. High con-
trast between the bone and soft tissue around the 

knee is necessary to delineate structures for 3D 
printing. The SNR and CNR of the image used 
for 3D printing must be equal to or higher than 
SNR and CNR of images used “3D visualiza-
tion”. For MRI, voxels may be isotropic or rect-
angular solids and the resolution can be variable 
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in all three dimensions. The size of the voxel 
depends on the matrix size, the field of view 
(FOV), and the slice thickness [2].

33.4.1.2  Image Data Sharing/
Transmission

Image data thus acquired are required to be trans-
ferred to an image processing platform to gener-
ate a 3D model of the knee joint for virtual 
surgical planning of TKA bone cuts and PSI. In 
most cases, the patient is consented for sharing 
data with a third party for data processing and 
data loaded on a DVD dispatched for processing 
by a specialized center. With new cloud-based 
online platforms available, it is now feasible to 
upload directly from the scan center substantially 
saving time and logistic expenses. Direct upload 
of data reduces error rate and reduces image 
quality distortion and brings down the indirect 
costs of PSI–TKA.

33.4.2  Image Data Processing and 3D 
Modeling

33.4.2.1  Software
Software plays the pivotal role in PSI model pro-
duction as the accuracy of the model generated is 
directly related to 3D model extracted from seg-

mentation software which eventually reflects on 
component placement and alignment.

Open Source Software
Since the segmentation technique and require-
ment have increased day by day, there are plenty 
of open source software available [3]. Few of 
them are 3DSlicer, InVesalius, 3D doctor, etc. are 
widely used by researchers but have limited 
application in medical industry as it is not vali-
dated as per regulatory standards.

Off the Shelf Software
Unlike the open source variety; off the shelf soft-
ware is now widely used in PSI–TKA design as 
they comply with the extant regulatory standards. 
Among the available segmentation software, 
MIMICS, SIMPLEWARE, D2P, and AMIRA are 
the commonly used ones.

33.4.2.2  Image Segmentation
The conversion of 2D CT or MRI images in 3D 
virtual model is known as the segmentation pro-
cedure. Image segmentation is necessary to cre-
ate 3D printable files from medical images; the 
segmentation process begins by importing a set 
of DICOM images to create a mask; multiple 
manual and automatic editing tools are used to 
create an appropriate mask of the Region of 

Fig. 33.3 Low-spatial resolution images causing stair-step boundaries and its effect on software-generated 3D model
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Interest (ROI). Once the mask is finalized, the 
software creates a surface-based 3D model as per 
the preloaded requirements (Fig.  33.4). Widely 
used and accepted file format for medical 
3D-printed objects is the STL file.

33.4.3  Virtual Surgical Planning

Virtual surgical planning is the most important 
step in complete end to end process of design and 
manufacturing.

33.4.3.1  Offline Planning Platforms
Planner replicates preoperative planning proce-
dure as per surgeon inputs. The software used for 

planning could be SOLIDWORKS, Pro-E. Also, 
there are customized design software like 
3-Matic, Geomagics freeform, etc. available 
which are more suitable for CAD.

33.4.3.2  Online Planning Platform
Proprietary virtual planning platform was ini-
tially developed by manufacturers to enable the 
surgeon to access the planning and interact with 
design engineer often located in a far off place. 
Once the design engineer makes an initial plan, 
the surgeon can modify and approve the final 
plan for production. Cloud-based open access 
platforms are now available for the design and 
planning of PSI guides for TKA, these plat-
forms are surgeon friendly ensuring high level 
of participation by the surgeon in the planning 
process and a high degree of interaction 
between the surgeon and the design team 
(Fig. 33.5).

On these highly interactive and user-friendly 
virtual surgical planning platforms, the PSI 
guides with the planned resection levels on the 
tibial and femoral sides can be visualized and 
bone cuts measured on an interactive screen 
(Fig. 33.6).

Use of virtual surgical planning and its clini-
cal significance are well documented in litera-
ture. However, the VSP (Virtual Surgical 
Planning) is highly significant in cases of severe 
varus or valgus deformities, bone defects, hypo-
plasia, extra-articular deformities, revision 
cases, metal hardware near the medullary canal 
region, etc., for better assessment and better 
preparation of surgeries [4]. Virtual surgical 
planning is extremely useful in size prediction; 
apart from the obvious advantage of drastically 
reducing the implant inventory and instrumenta-
tion arrangements, practical challenges of over-
hang, notching, and overstuffing can be 
pre-empted and catered for at the planning stage. 
Providing these vital inputs to the surgeon for 
planning implant sizes, implant positioning, and 
instrumentation thereby helps the surgeon to be 
better prepared [5].

Fig. 33.4 3D model of the knee generated from the 
acquired imaging data
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33.5  Manufacturing of PSI

33.5.1  Materials

The material selection for manufacture of patient- 
specific guides vastly depends upon method of 
printing adopted. In cases where SLA (Stereo 

lithography) technology is used, the materials 
used could be resins like ABS, PC, and SL. If SLS 
(Selective Laser Sintering) technology is being 
used, material used is polymer powder like Nylon 
PA; most manufacturers use a bio-compatible 
polyamide polymer (PA2201) known to have 
high strength and excellent inertness against 

Medial angle
179.35

5 degree tilt-
posterior slope

Fig. 33.5 Virtual surgical planning of cuts, alignment of the HKA axis, and tibial slope

Fig. 33.6 3D image of planned femoral and tibial cuts with PSI guides in situ
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chemicals as per ISO 10933-1 and FDA, 21 CFR, 
177.1500 9(b.) standards. FDM technology is 
compatible with PLA, ABS, PC, ULTEM, etc. 
materials [6].

33.5.2  3D Printers

33.5.2.1  SLS Machines
These printers use powder-based materials which 
solidify using directed laser and the process 
repeats till the accomplishment of the model. 
Accuracy of SLS- based machine depends on 
quality of laser and fineness of the powder. Due 
to polyamides, these products show excellent 
mechanical strength without compromising in 
the accuracy [7].

33.5.2.2  SLA Machines
The material used here is resin, which solidi-
fies by photo polymerization when exposed to 
UV laser beam. SLA machine produces high-
est level of detailing by preserving even small-
est of detail but comparatively the mechanical 
strength of custom-made guide made of SLA 
technology may be lesser than SLS-based; 
there are chances of breaking down of the 
guide made with SLA.

33.5.2.3  Fused Deposition Modeling 
(FDM Machines)

This type of machine is less expensive but at the 
same time produces comparatively less accurate 
models. The nozzle extrudes the liquid plastic 
material on platform, these plastics after cooling 

down eventually takes the shape of 3D model 
they are most suitable for demo purposes.

33.5.2.4  3D-printed PSI Guides
PSI models are printed in layers as a multiplier of 
the smallest geometry of region of interest (ROI). 
Whenever medical images are used to generate 
3D- printed models, it is important that the reso-
lution of the 3D printer should be equal to or 
superior to that of the clinical images used to seg-
ment the model. 3D- printed PSI models are 
scaled to be of anatomic size to ensure an exact 
fit. Additional patient identifiers such as model 
sidedness (left, right) and labels can be incorpo-
rated (3D printed) into the model itself (Fig.33.7).

33.5.3  Sterilization of PSI Guides

Compressed steam, dry heat, ethylene oxide gas 
(ETO), hydrogen peroxide gas plasma, and liquid 
chemicals are the main sterilizers used in health-
care as per the Center for Disease Control’s 
(CDC) Guideline for Disinfection and 
Sterilization in Healthcare Facilities (released in 
2008 [8]). Compressed steam, dry heat, ethylene 
oxide gas (ETO), hydrogen peroxide plasma gas, 
and liquid chemicals are the most important dis-
infectants in healthcare. Unlike sterilization, dis-
infection is not sporicidal. A recent study by 
Török, G., Gombocz, et al. shows that the steam 
sterilization at 121  °C and plasma sterilization 
have no significant effects on the dimensional 
changes and properties of the material used in 3D 
manufactured precision parts [9].

Fig. 33.7 3D-printed femoral and tibial PSI cutting guides placed on corresponding bone models
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33.6  Surgical Considerations

Initial proprietary PSI was launched where the 
planning and finalization of 3D model were done 
on a platform where the design engineer and the 
surgeon had no real-time effective communica-
tion on the intricacies of the final model sent for 
production. Crucial inputs on the patient’s clini-
cal findings, knee deformity, soft tissue condi-
tion, and perceived implant positioning could not 
be easily factored in the earlier available plat-
forms. Frequent review of the generated model 
and the proposed bone cuts on the electronic plat-
forms frequently delayed the production of the 
PSI guides. Moreover, most OEMs and service 
providers for patient-specific guides were based 
in only a few locations worldwide and often 
required transcontinental logistical arrangements 
causing antecedent delays and further increasing 
indirect expenses. Osteophytes, arthritic tibial 
and femoral bone contours, and bony edges are 
defining elements of the patient’s surgical anat-
omy crucial to achieve a good fit for seating the 
PSI cutting guides; inordinate delays in surgery 
after the patient’s radiological data have been 
processed due to long turnaround time to manu-
facture PSI guide have an inherent risk of change 
in the osteophyte size, detachment of osteo-
phytes, eburnation, and change in dimensions of 
the tibial and femoral articulating surfaces; all 
these factors may significantly alter the patient’s 
surgical anatomy making the patient-specific 
guide inaccurate or even ineffective.

Today PSI design platforms are locally avail-
able which ensures an intricate constructive inter-
action between the design team and the surgeon. 
It is now possible to iterate the design of a guide 
based on direct feedback from the surgeon within 
a matter of hours. High efficiency cloud-based 
design platforms and rapid printing technologies 
can print a new prototype for evaluation or usage 
in a few days. The fast feedback loop accelerates 
design development and rapidly curtails the 
learning curve. High value inputs by the surgeon 
on the level of resection, femoral component 
axial and rotational placement, tibial slope, and 
the tibial component rotation customized to the 

patient’s surgical parameters provide a vital base-
line for the surgeon to build on at the time of 
TKA surgery.

For a successful outcome, the surgeon must be 
aware of the limitations of PSI usage and com-
mon determinants of errors in accurate guide 
placement and alignment of cuts. An accurate fit 
between a PSI cutting guide and its predeter-
mined engaging bone surface requires that the 
selected bone contact surface and the PSI guide 
footprint have a snug fit with a limiting bone con-
tact surface placing the guide in an accurate 
alignment in all three planes (Fig. 33.8); a large 
footprint engaging with a contoured bone surface 
will improve the fit.

In patients with osteoarthritis undergoing PSI- 
assisted joint arthroplasty, large attached osteo-
phytes are a source of error in the data collected 
from the CT images. The PSI guide foot print, 
which should exactly match the bone surface, 
else it can result in PSI guide seating error or 
alignment error going undetected. Adequate soft 
tissue exposure of the knee joint by expertly 
clearing the fat, soft tissue, menisci, and any 
loose osteophytes for seating the PSI guide and at 
the same time taking care to preserve the bony 
features factored for a stable fit of the PSI guide 
are crucial for achieving the desired fit of the PSI 
guide. Surgeons once convinced of the PSI guide 
placement should proceed with caution and ver-
ify the position and alignment of the cutting 
guides at each stage if required with the help of 
conventional instrumentation. Blindly following 
the PSI cutting guides in the crucial bone cuts is 
not recommended especially in the initial stages 
of the learning curve. The PSI designs which 
only mark the joint with pins and carry on with 
the TKR set’s regular cutting guides seem to offer 
numerous advantages like complete control over 
implant sizing and prosthesis alignment in the 
coronal, sagittal, and rotational planes. However, 
it may as well be its weak side considering any 
error in any phase may affect all related aspects. 
On the other hand, simpler PSI design paradigms 
focusing mainly on coronal and sagittal  alignment 
may prove to be more effective in obtaining ideal 
alignment (Fig. 33.9).
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33.6.1  Learning Curve

Initial studies in the literature comparing PSI and 
conventional instrumentation have reported a 
trend to longer surgical times, high abandonment 
rates with no formidable difference in alignment 
of the components achieved, and no difference in 
outcomes. Much of the initial literature published 
may have been part of the learning curve in the 
introduction of a new technology. High confi-
dence on a new alignment tool, an evolving soft-
ware platform for PSI designing, primitive 
understanding of the PSI design, lack of any pre-
vious surgical experience in using PSI, and a fail-
ure to verify all steps may have plagued some of 
the initial research published in the literature on 
PSI for TKA [10]. Abandonment of PSI tech-
nique has been reported to be as high as 16–32% 
[11–13]. High rates of intraoperative changes to 
the preoperative plan have also been reported by 
various researches [14, 15].

Better results of TKA using PSI indicate the 
fact that a good understanding of the PSI system 
and some experience are crucial for obtaining 
good results with the PSI [16].There is a steep 

learning curve for usage of PSI by an experi-
enced surgeon who never performed PSI-based 
TKRs [17].

33.6.2  Cost-effectiveness of PSI

Presently PSI falls in mid-range of prices when 
comparing it with conventional and computer- 
assisted TKA. Direct costs in PSI–TKA are the 
PSI guide designing and production costs, indi-
rect costs are the preoperative CT scan, surgeon’s 
time for planning, logistics for transportation and 
sterilization costs; these indirect costs could go 
up to 40% of total PSI cost [18]. In a targeted 
literature search, Gong S, Xu W, Wang R, et al. 
found seven studies using 3D-printed anatomic 
models in maxillofacial surgical care demon-
strated a mean 62  min ($3720/case saved from 
reduced time) of time saved, and 25 studies of 
3D-printed surgical guides noticed that the 
 technique can save up to a mean 23 min ($1488/
case saved from reduced time). An estimated 63 
models or guides per year (or 1.2/week) were 
predicted to be the minimum number to break-

Fig. 33.8 Patient-specific guides for pin positioning applied on tibial and femoral side
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even and account for annual fixed costs. A mean 
of $62 per operating room minute (range of $22–
$133 per min) was used as the reference standard 
for operating room time cost [19].

Cost-effectiveness of PSI–TKA is best evalu-
ated in the light of reduction of indirect costs of 
TKA surgery. Considerable reduction in operat-
ing room time, low turnover time for manufac-
turing, low inventory costs, overall better 
outcomes, and longer implant survival are poten-
tial factors which contribute to the overall long-

term cost efficiency of PSI–TKA on the health 
system. As the initial cost of tools involved in 
Additive manufacturing (AM) technology at 
both software and hardware side will further 
reduce in future, a drastic reduction in direct 
costs of PSI–TKA is expected. Cloud-based 
platforms, sophisticated open access auto-seg-
mentation software, shared facilities, and higher 
efficiency of 3D printers and materials will play 
a major role in cost dynamics of this technology 
in the future.

Fig. 33.9 Pre and 
postoperative erect 
scanogram of a patient 
after PSI–TKA of right 
knee
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33.6.3  Blood Loss

Theoretically PSI–TKA should have reduced 
blood loss compared to conventional TKA. Since 
the medullary canal is not violated, the blood loss 
during surgery and the blood ooze from the med-
ullary canal postsurgery are negated; also a 
reduced operative time and reduced soft tissue 
trauma during surgery can reduce blood loss in 
PSI–TKA. In a study, Gong S, Xu W, Wang R, 
et al. (2019) state that PSI–TKA could reduce the 
perioperative blood loss by approximately 90 ml 
compared to SI due to noninvasion of the femoral 
medullary cavity and shortened operative time 
[19]. Other similar published studies have 
reported analogous outcomes [20–22]. Kizaki K, 
Shanmugaraj A, et al. in a meta-analysis includ-
ing 15 studies concluded TKA–PSI decreased 
blood loss as compared to standard TKA with 
SMD −0.36 (95% CI −0.57 to −0.15, p = 0.001) 
although the effect size was small equivalent to 
hemoglobin 0.4 g/dl (95% CI 0.18–0.88) reduc-
tion; however, there was no difference in the 
transfusion rate [23].

33.6.4  Operative Time

There is reduction of surgical exposure and the 
operative time when PSI is used compared to 
conventional instrumentation, this is directly a 
derivative of the reduction in the number of steps 
required to align the blocks. Anywhere between 6 
and 14 sequential steps for accurate alignment 
and positioning of femoral and tibial bone cutting 
guides can be reduced depending on the type, 
sophistication, and design of the PSI block used. 
Gong S, Xu W, et al. (2019) in their study con-
cluded that compared to conventional instrumen-
tation, PSI reduced the operative time by an 
average of 7 min which was statistically signifi-
cant probably due to simplification of the opera-
tive procedures [19]. Several other published 
studies supported the finding of reduction of 
operative time, improved alignment, and operat-
ing room efficiency with patient-specific instru-
mentation for TKA. In an RCT on 100 patients, 
Vide J, Freitas TP, et al. concluded that using PSI 

for TKA reduced operative time substantially, in 
the study the surgical time was reduced on an 
average by 18 min (24.8%) with the PSI [24].

33.6.5  Complications

In PSI–TKA, the medullary canal is not violated 
thereby reducing embolism risk, there is less 
requirement of soft tissue retraction, reduced 
blood from the medullary canal, and overall 
reduction in surgery time; theoretically it should 
transform to faster recovery, less pain, lower 
embolic complications, lower infection rate, and 
overall better outcomes. However in our own 
experience and in the literature, there is no differ-
ence in the complication rate between conven-
tional TK and PSI–TKA.  In a meta-analysis 
including overall 24 studies with 11 RCTs and 13 
non-RCTs comparing PSI–TKA to conventional 
TKA, Kizaki K, Shanmugaraj A, et al. found no 
difference in the composite complication rates; 
however, three prominent complications (i.e., 
SSI, DVT, and revision TKA) for TKA–PSI in 
the short-term follow-up periods (maximum 
44-months) were small: 1.3% in SSI, 1.0% in 
DVT, and 0.5% in revision TKA, however was 
reported [23].

33.7  Discussion

3D printing of patient-specific medical devices 
and patient models improves medical profession-
als’ understanding of the patient-specific anat-
omy. For arthroplasty surgeons, PSI in TKA not 
only allows a tactile and visual understanding of 
the patient-specific anatomy and pathology but 
also anticipates the operative challenges before-
hand. For patients, TKA being a lifestyle 
enhancement surgery it induces a comfort level 
by allowing an interaction with the surgeon about 
a medical product that is designed especially for 
their anatomy.

Although not recommended routinely in TKA, 
the availability of PSI cutting guides and bone 
models of the patient’s knee allows the surgeon to 
perform a “dry run” of the procedure and is a highly 
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valuable tool in complicated cases and in the initial 
phases of arthroplasty training. The suitability of 
the implant design and the size can be ascertained 
prior to surgery, which in turn will positively 
impact costs involved in inventory arrangements 
and instrument trays required at the time of surgery. 
3D-printed models can also be used for training 
and teaching, as bone characteristics can be repli-
cated for normal and pathological examples. This 
has the potential to bypass the traditional training 
approach and can accelerate the training pathway, 
giving surgeons the opportunity to practice on 
complex or uncommon pathologies.

The measure of success used to determine the 
efficacy and effectiveness of 3D-printed PSI is 
accuracy of surgery or positioning, fit of the PSI 
guide, operating time, and requirement of intra-
operative changes or abandonment of operative 
plan, blood loss, recovery time, and functional 
outcomes. From the studies that compared 
against a control; that is conventional instrumen-
tation, the 3D-printed devices used for preopera-
tive planning and aiding surgery consistently 
found decreases in operating time and increases 
in surgical accuracy, the two most important indi-
cators of effectiveness of a technique. Operating 
time is an indicator for device success because it 
is easy to measure and quantify and corresponds 
to decreased blood loss and faster recovery. 
Anatomical models and surgical templates are 
mainly used to provide surgeons with better 
information about the surgical area and to guide 
the surgeon hand. Therefore, measuring the accu-
racy of the surgeries indicates whether these aims 
have been met.

Literature reports the rate of component mal-
positioning to be 20%–40% using standard 
instrumentation (SI) [25]. Component position-
ing is an essential factor that affects postoperative 
functional recovery, patient satisfaction, and 
especially long-term component survival [26, 
27], although previous research on this aspect is 
controversial, it is today widely accepted that 
poor alignment for TKR is related to shorter 
lifespan of the implant [28].

PSI improves component alignment, position-
ing, postoperative functional recovery, and 
patient satisfaction [29]. Given the impact of 

malalignment on TKA results and implant survi-
vorship, in recent years, patient-specific instru-
mentation (PSI) has gradually become popular 
among orthopedic surgeons as a bridging option 
between CAS and conventional surgery.

In an RCT involving 100 patients comparing 
PSI–TKA to conventional TKA, Vide J, Freitas 
TP, et al. reported that in no patient they had to 
abandon PSI, minor changes to preoperative plan 
occurred in 14.9% of the patient, cut review in 
4.3%, and insert change in 10.6% in comparison 
to the original plan [24]. Compared with PSI, the 
standard instrument has more outliers in coronal 
alignment, and the relative risk is 3015 compared 
to PSI. Surgery time was significantly reduced by 
18  min (24.8%) in the PSI–TKA cases. There 
was significant reduction of length of stay in hos-
pital as well. Number of blood units spent were 
significantly less in the PSI group and a low rate 
of intraoperative adjustments [30].

In a study published by Elhadi S, Charles K, 
et al. involving 80 patients, the percentage of out-
liers for the femoral component in the 3D-guided 
group (one patient) was significantly lower com-
pared to the control group (seven patients 
p  =  0.02). They restored the coronal femoral 
angle accurately in the 3D-assisted group 
(−0.1°  ±  1.4°) compared to the control group 
(1.6° ± 2.5°). The operation time of the 3D group 
was significantly shortened. The clinical out-
comes were better in the 3D group at the 2-year 
follow-up with fewer failures and a lower stan-
dard deviation in IKS scores [31].

Eduardo M, Ulrich L, et al. in a low-volume 
center (<50 per year) compared navigated and 
PSI–TKA to conventional group reported that the 
risk of postoperative mechanical alignment outli-
ers (>3°) was reduced by 89% in the navigated 
group (4% outliers) as compared to the conven-
tional group (35%) (RR = 0.11; p < 0.0001). No 
significant improvement was observed in the PSI 
group (27%) (RR = 0.91; p = 0.772). There was a 
twofold increase in the risk of tibial component 
alignment outliers in the PSI group (29%) 
(RR = 1.94; p = 0.110) [32]. The study highlights 
the importance of an alignment guidance tool 
navigation/PSI in a low-volume center or training 
establishments where the risk of error in achiev-
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ing acceptable alignment is high. PSI in such sce-
narios will offer a definite cost advantage.

Sebastian Parratte, Gullame Blanc, et  al. in a 
study comparing rotation of conventional and 
PSI–TKA implants reported no difference between 
the two groups concerning the frontal and sagittal 
position of the implants on the ML and AP X-rays. 
No significant difference of femoral rotation was 
observed between the two groups; however in tib-
ial rotation, the variations were much higher. Mean 
tibial rotation was 8° of internal rotation in the PSI 
group and 15° of internal rotation in the standard 
group which was statistically significant [33]. To 
ascertain, the overall impact of rotation of one or 
more component of TKA on outcomes needs fur-
ther high quality studies.

Kim K et al. (2019) reported satisfactory align-
ment in more than 85% of each plane of the femur 
and in the coronal plane of the tibia and relative 
to the transepicondylar axis. Sufficient experience 
and precise preoperative planning are required to 
improve the accuracy of the sagittal alignment of 
the tibia [34]. Gong S, Xu W, Wang R, et al. in the 
study concluded that PSI has advantages in axial 
alignment of the femoral component to achieve 
desired femoral component external rotation 
within 0.4° of the TEA [19].

Huijbregts et  al. in an analysis of 21 RCTs 
involving 1587 TKAs concluded patient-specific 
instrumentation resulted in slightly more accu-
rate hip-knee-ankle axis (0.3°), coronal femoral 
alignment (0.3°), femoral flexion (0.9°), tibial 
slope (0.7°), and femoral component rotation 
(0.5°). Contrarily in the same study, they also 
reported an increased risk ratio of a coronal plane 
outlier (>3° deviation of chosen target) for the 
tibial component in the PSI group (RR = 1.64). 
No significant impact was found for other radio-
graphic measures. Operation time, blood loss, 
and transfusion rate were not influenced by use of 
PSI–TKA [35].

However, minimal impact on clinical benefits 
of radiographic alignment and minimal effect on 
operation time by the use of PSI in TKA warrant 
questions about cost-effectiveness for procedure 
involving CT scan/MRI, data processing, and 
manufacturing of PSI guides. Contradictory 
results have been reported in this regard Nunley 
et  al. (2012) and Tibesku et  al. (2013) [36, 37]. 

Barrack et al. (2012) found lower total operative 
time and instrument processing time, but increased 
additional costs of the MRI and the cutting guide, 
resulting in lower overall costs for standard instru-
mentation [38]. The benefits of PSI in cost reduc-
tion and reduced operative time were highlighted 
in a study conducted in 2011 by Watters et  al. 
They too found a reduction in preoperative prepa-
ration time when PSI was used [39].

Huijbregts HJ et al. in a meta-analysis reported 
a significantly reduced hospital stay (approx. 8 h) 
when PSI–TKA was used and the number of sur-
gical trays used decreased by 4 in the PSI group. 
Postoperative Knee Society scores (KSS) and 
Oxford knee scores were almost similar. Mean 
tibial slope was closer to intended in the PSI 
group. Total operation time varied from 12 min in 
favor of PSI.  Increased operational efficiency 
was observed from a reduction in the number of 
surgical trays used for the procedure [36]. A ran-
domized controlled trial comparing CI and 
Visionaire PSI by Noble et al. found a significant 
decrease in the length of hospital stay with PSI 
[40], while a similarly conducted study by 
Vundelinckx BJ, Bruckers L, et al. found no sig-
nificant difference between groups [41]. Length 
of hospital stay is influenced by multiple factors 
and therefore it is difficult to attribute surgical 
technique as the primary influence on the dura-
tion of the hospital stay.

33.8  PSI Versus CAS

In contrast to computer navigation-assisted tech-
niques that require bulky navigation facilities and 
a machine operator, theoretical PSI technique has 
the advantage of improving surgical accuracy by 
using simple personalized instruments with 
smaller operative setup and without the need of 
monitoring, or observing data or images out of 
the surgical field. Initial cost of setup in CAS is 
high; the recurring cost of disposables in CAS is 
significantly less than the proprietary PSI; 
 however, with the advent of open access online 
segmentation software and low-cost desktop PoC 
(point of care) 3D printers now available, the cost 
of PSI cutting guides is comparable to recurrent 
cost of disposables in CAS.
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Compared with assisted navigation technol-
ogy, PSI does not have intraoperative visual feed-
back from preoperative images and can reveal 
errors. CAS being a dynamic operative platform 
provides the surgeon with a real-time feedback 
on implant position, alignment, and soft tissue 
balance while in PSI, the alignment implant posi-
tion as per predetermined plans is fixed and intra-
operative changes in the implant positioning and 
its effect on soft tissue alignment are left to sur-
geon’s assessment akin to conventional instru-
mentation. Inaccurate placement of a PSI and the 
subsequent incorrect guided procedure may be 
undetected intraoperatively and may result in 
deviation error from the planned procedures. In 
addition, conventional intraoperative algorithms 
can also be used to quantitatively verify correct 
positioning of PSI guides which may further 
minimize the data computation/manufacturing 
errors of PSI.

PSI–TKA now truly has the potential to fill up 
the vast divide between conventional and CAS 
TKA by providing a tool which focuses on 
implant positioning and alignment which are con-
sidered key determinants of outcomes and implant 
survival and leaving out the soft tissue dynamic 
balance to surgeons skill and expertise at a signifi-
cantly low cost. Present positioning of PSI as low- 
cost alternative to CAS is highly relevant in 
developing countries with high volumes.

33.9  Future

Future of PSI in TKA surgery is bright consider-
ing the rapid advancements in software and hard-
ware of additive manufacturing

Enhanced Productivity: “Fast” in 3D printing 
means that a product can be made within few 
hours. New age 3D metal and composite mate-
rial printers can transform medical device 
industry. In addition to speed, other qualities, 
such as the resolution, accuracy, reliability, 
and repeatability of 3D printing technologies, 
are also projected to improve.

Better Scanning Machine: Quality of CT/MRI 
machines has gone notch higher with autode-
tection of patient motion and significantly 

reduction of artifacts with cutting edges tech-
nologies in radiology.

Software-based Advancements: Segmentation 
software companies are slowly inclining 
toward automatic segmentation which eventu-
ally will save good amount of processing time. 
Mostly all the manufacturers are working on 
automatic segmentation and can be consid-
ered as future advancements.

Training and Education: Integration of artificial 
intelligence, virtual reality, and haptic feed-
back on the virtual surgical planning platform 
will enable both the surgeon and the patient to 
comprehend a TKA surgery on a virtual plat-
form in near future. Although the technology 
is immature in clinical application; however, it 
has immense possibilities in surgical training 
and education.

Democratization and Collaboration: 3D printing 
data files offer an unprecedented opportunity 
for sharing data among researchers, sharing of 
resources, cloud-based collaboration, and 
reduction of costs unlocking the potential for 
personalized medicine and collective care.

33.10  Summary

Change is inevitable; progress is optional—Tony 
Robins.

Role of PSI in arthroplasty in the near future is 
destined to evolve. Presently its perceived role as 
a tool to aid the surgeon in improving accuracy of 
TKA alignment may further extend to achieving 
accurate ligament balance and kinematics in 
TKA surgery. PSI–TKA although promising in 
its potential to provide some solutions to the sur-
geons is still in a nascent stage and cannot yet 
completely mitigate all pitfalls of TKA surgery. 
Surgeons must be actively involved in the 
 preoperative imaging, planning process, and 
design optimization for each patient. The intraop-
erative peculiarities of PSI should be considered, 
and the surgical method should be fine-tuned if 
necessary. Double-checking alignment and bony 
resections at relevant surgical steps according to 
traditional concepts are crucial for a successful 
outcome of PSI–TKA.
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3D printing is a rapidly expanding technology 
that offers benefits in efficiency, accuracy, and 
ease of customization. These applications will 
extend in the future, perhaps even to the 3D bio-
printing of tissue and organs. Once the technolo-
gy’s potentials are realized, 3D printing will 
become increasingly used in medical procedures. 
However, a word of caution; despite recent sig-
nificant and exciting medical advances involving 
3D printing, notable scientific and regulatory 
challenges remain and the most innovative and 
transformative applications for this technology in 
medical field will evolve over a period of time.
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34.1  Introduction

Total Knee Arthroplasty (TKA) is a well- 
established and highly successful treatment for 
end-stage OA [1], with over 90,000 TKAs per-
formed annually in the United Kingdom (UK) 
[2]. However, the rate of patient satisfaction is 
lower than that of total hip arthroplasty [2]. 
Specifically, despite improvements in implant 
designs, techniques, development of enhanced 
recovery programmes and patient-specific com-
ponents; up to 20% of patients report dissatisfac-
tion with their TKA [3–10]. It is recognised that 
implant alignment and accuracy of its positioning 
are fundamental factors for predicting functional 
outcomes, patient satisfaction and implant survi-
vorship [11–16]. Thus to augment this process 
further, the development of robotic-assisted total 
knee arthroplasty (RATKA) has evolved.

Robotic technology has gained an ever- 
expanding role in a variety of surgical fields [15, 
17]. Within orthopaedics, the first RATKA was 
performed in 1988 using the ACROBOT robotic 
system (Imperial College, London, UK) [18]; 
however, a recent surge in popularity for robotic- 
assisted arthroplasty has arisen from develop-
ments in this field [15, 17, 19, 20]. Principally, 
the aim of RATKA is to enhance the accuracy of 

the femoral and tibial bone cuts as decided by a 
pre-operative plan, which best restores a patient’s 
knee kinematics and soft tissue balance. Studies 
have increasingly demonstrated the ability of 
robotic assistance to achieve this, and thus further 
improvements in functional outcomes and survi-
vorship. There are a number of systems which 
claim to be ‘robotic’; however, each varies con-
siderably in their technique and application, thus 
each should be judged upon its own data. At pres-
ent, there are four major robotic-assisted systems 
in clinical use for knee arthroplasty—(1) The 
MAKO Robotic Arm Interactive Orthopaedic 
system (Stryker Ltd., Kalamazoo, MI, USA); (2) 
The Navio PFS (Navio Surgical System Smith 
and Nephew); (3) Robodoc (Curexo Technology) 
and (4) iBlock robotic cutting guide (OMNIlife 
Science). Critics of the technology remain scepti-
cal of RATKA because of large installation costs 
and limited long-term evidence comparing func-
tional outcomes and survivorship against conven-
tional jig-based TKA.

This chapter provides an overview of robotic 
technology within TKA. It explores current sur-
gical techniques, ongoing research and chal-
lenges within robotics include cost effectiveness 
and future directions for this field.

A. K. Asokan (*) · M. S. Ibrahim · B. Kayani · 
F. S. Haddad 
University College London Hospitals, London, UK
e-mail: fsh@fareshaddad.net

34

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-8591-0_34&domain=pdf
https://doi.org/10.1007/978-981-16-8591-0_34#DOI
mailto:fsh@fareshaddad.net


478

34.2  The Role of Functional 
Alignment

Central to the justification for robotics in TKA is 
restoring optimal limb alignment. With the 
advent of robotics and computer navigation, the 
novel concept of functional alignment has devel-
oped [21]. Conventional mechanical TKA aims 
to restore the neutral alignment of the knee, in 
that the bone cuts of the femur and tibia are made 
perpendicular to the mechanical axis of the 
respective bone. The overarching goals are to 
maximise knee flexion and attain symmetrical 
component wear. The disadvantage however, is 
the knee is then forced into an unnatural position, 
which alters its biomechanics through its range 
of movement [21, 22].

To help overcome this and better restore the 
native, patient-specific biomechanics of the pre- 
arthritic knee, a number of alignment concepts 
are now in use. It has been shown that only 
5–5.5% of the general population have natural 
neutral mechanical alignment [23], and these phi-
losophies aim to recreate a patients’ native align-
ment, rather than restoring neutral mechanical 
alignment. The theoretical benefits are to avoid 
forcing the knee into an unnatural position, which 
would change the knee orientation in all three 
orthogonal axes and alter periarticular ligament 
tension, quadriceps function, patella tracking and 
overall knee kinematics through the arc of motion 
[24–27]. Kinematic alignment aims to restore 
native knee alignment but the accuracy of execut-
ing this technique is limited by the poor precision 
and reproducibility of current manual alignment 
guides, paucity of intra-operative data on soft tis-
sue tension and inability to fine-tune bone resec-
tions and implant positioning based on live 
kinematic data on flexion-extension gaps, medio-
lateral soft tissue tension, limb alignment and 
range of motion [21, 22, 24].

Functional alignment in TKA has been devel-
oped as a technique to restore native joint line 
height, obliquity and knee kinematics by using 
computer-assisted technology to manipulate 
bone resections and fine-tuning implant position. 
The goal is to implant the components in the 

position that least compromises the soft tissue 
envelope by restoring the plane and obliquity of 
the joint as dictated by the soft tissues. This is 
achieved using robotic technology, which uses 
optical motion capture tracking to provide objec-
tive intra-operative data on limb alignment, 
mediolateral flexion-extension gaps and range of 
motion. A robotic arm with sawblade action con-
fined to haptic boundaries is used to intra- 
operatively modify bone resections in the coronal, 
sagittal and axial plane to execute individualised 
patient-specific limb alignment and knee kine-
matics, whilst ensuring limb alignment is 
achieved within the pre-defined safe zones. 
RATKA with functional alignment reduces the 
need for controlled soft tissue releases and inad-
vertent periarticular soft tissue injury compared 
to conventional jig-based TKA with mechanical 
alignment. There is optimism that TKA with 
functional alignment will enable restoration of 
patient-specific knee kinematics to improve 
patient satisfaction and functional outcomes, 
whilst respecting the safe boundaries for mechan-
ical alignment to optimise implant durability and 
survivorship [21, 22, 28, 29].

As with robotic arthroplasty in general, the 
combination of functional alignment and robot-
ics is an evolving field. A number of prelimi-
nary studies have shown benefits of RATKA 
with functional alignment relative to traditional 
mechanically aligned TKA; including reduced 
soft tissue release and periarticular soft tissue 
injury, improved post-operative functional 
rehabilitation, earlier hospital discharge and 
reduced analgesia requirements [29, 30]. 
However, there is paucity of data surrounding 
long-term outcomes both functional and survi-
vorship in TKA with functional alignment. 
Most recently, a prospective randomised trial 
has been registered comparing 100 patients 
undergoing RATKA, with 50 patients undergo-
ing functional alignment and 50 patients under-
going mechanical alignment. The outcome 
measures are patient satisfaction, clinical out-
comes, gait, cost-effectiveness, component sur-
vivorship and complications between these 
treatment techniques [29].
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34.3  The Process of Robotic- 
assisted TKA

The operative process of RATKA is one that var-
ies between systems, but the fundamental princi-
ples are not dramatically different to conventional 
knee arthroplasty. In this chapter, we will outline 
the process of the MAKO Robotic Arm Interactive 
Orthopaedic system (Stryker Ltd., Kalamazoo, 
MI, USA) in TKA (Fig.  34.1), which currently 
has the most published data of any robotic system 
for TKA. It was first approved by the Food and 
Drug Administration (FDA) in 2008. It consists 

of a semi-active robotic arm designed to assist in 
TKA, with a sawblade which acts within stereo-
tactic boundaries and stops if resections go 
beyond these pre-determined parameters. There 
are no requirements for jigs or blocks to carry out 
precise bone cuts. The process of RATKA may 
be separated into five individual stages.

34.3.1  Pre-operative Planning

With any RATKA, the process begins in the pre- 
operative phase, with templating of implants 

b

c

a

Fig. 34.1 (a) MAKO Robotic-assisted surgical system. 
(b) Femoral and tibial arrays shown with femoral and 
tibial pins within the same TKA incision. (c) Femoral and 

tibial arrays shown with femoral within same TKA inci-
sion but tibial in separate incision

34 Overview of Robotics in Total Knee Arthroplasty
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based upon a patient’s plain radiographs or CT 
scan. In the MAKO system, a MAKO-specific 
CT protocol is used for accurate registration of 
bony landmarks, which is vital in order to define 
the mechanical axes of the femur and tibia, as 
well as the anteroposterior (AP) axes and medio-
lateral (ML) axes.

This information is then used to template 
implants using computer software. The ideal 
implant size is identified to achieve optimal 
implant alignment and positioning to achieve 
optimal limb alignment and bone coverage. With 
this in mind, bone resection windows are created 
by the computer to achieve the specified implant 
positioning. Implants are originally placed in 
neutral mechanical alignment, and adjustments 
may be made to compensate for pre-operative 
deformities particularly rotational and coronal 
plane. At each stage of the procedure, these val-
ues can be customised by the surgeon to attain 
optimal knee kinematics. In the MAKO system, 
this templating process is outsourced to specialist 
remote templating teams at the design centre, and 
once complete is verified and adjusted accord-
ingly by the lead surgeon. An example of this 
process is shown in Fig.  34.2 which displays a 
pre-operative template with the suggested opti-

mal implant sizes in neutral mechanical align-
ment, without any resection adjustments made.

34.3.2  Intra-operative Registration

Once a patient is set up as per the manufacturer’s 
guidance, the surgeon’s preferred approach to the 
knee joint may be used. A key addition in RATKA 
is the insertion and calibration of bone arrays 
which are used to register the patient’s skeleton 
via optical motion capture technology. For the 
MAKO system, a tibial array is inserted into the 
tibial crest using two bicortical pins, and a simi-
lar array inserted into the femur with bicortical 
pins. Both of these may be through separate inci-
sions or included in the same TKR incision as 
shown in Fig. 34.1b, c.

The process of ‘Bone Registration’ can now 
begin, and is crucial in calibrating the on-table 
anatomy to the patient’s pre-operative imaging 
and templating. This involves identifying the 
extremities of the femur and tibia to register them 
as shown in Fig. 34.3a, then proceeding to iden-
tify a number of individual bony landmarks (up 
to 40 each for tibia and femur) to confirm the 
patient’s osseous geometry prior to bone resec-

Fig. 34.2 Pre-operative template produced for Triathlon PS TKA (Stryker Ltd), with no resection adjustments made. 
Indicates templated optimum implant sizes
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tion, as shown in Fig. 34.3b. This process ensures 
precision of the robotic sawblade when creating 
bone resections.

34.3.3  Bone Resections

Once registration is complete, bone resections to 
the distal femur, posterior femur and proximal 
tibia may begin as per the pre-defined pre- 
operative plan without the need for jigs or blocks; 
however, this plan can be refined based on the 
registration and gap balancing. The robotic arm 
maintains a pre-planned boundary, using stereo-

tactic feedback to ensure the surgeon stays within 
these boundaries as shown in Fig. 34.4. The use 
of stereotactic boundaries is shown to reduce soft 
tissue damage, and maintains a high level of pre-
cision. The robotic arm will guide the user 
towards the bone at a suitable angle to carry out 
the required resection, and will only action whilst 
within the boundaries. There is facility to extend 
the boundaries if required.

This ability to reproducibly and reliably per-
form bone resections with high precision is a 
major advantage for RATKA.  Osteophytes 
should be removed from the tibia and femur once 
initial registration is made, to allow the next stage 

a

b

Fig. 34.3 (a) Intra-operative bone registration using 
prominent bony landmarks to register both femur and 
tibia. (b) Use of probe to register multiple individual 

points upon femur and tibia to calibrate to pre-operative 
CT using optical capturing device

34 Overview of Robotics in Total Knee Arthroplasty
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of balancing the knee and making fine adjust-
ments prior to bone resections.

34.3.4  Knee Balancing and Fine 
Adjustment

Robotic technology allows for intra-operative 
assessment of flexion and extension gaps, joint 
stability, range of movement and limb alignment. 
This is a major advantage of robotics in allowing 
functional alignment to be achieved. The knee 
may be balanced in real-time and corrections to 
fixed flexion deformities, recurvatum, valgus/
varus deformity can be achieved intra-operatively 
with simultaneous adjustments to the implant 
template to assess the effect. Overall limb align-
ment, knee flexion/extension and knee rotation 
are displayed in real-time with continuous updat-
ing throughout the motion arc.

A spacer block or a knee tensioning device 
may be inserted, and assessment of the above 
parameters and flexion and extension gaps may 
be assessed in real time as shown in Fig.  34.5. 
Minimal soft tissue releases may be required at 
this point to achieve the desired flexion gaps. 
Should any further bone resections to achieve 

optimal alignment and implant positioning, 
be required, they can be virtually templated in 
real-time to evaluate its effects upon flexion-
extension gaps prior to physically performing the 
resections. Figure 34.2 shows the screen which 
would be displayed in the MAKO system, with 
the first column representing any distalisation of 
the femoral component or coronal adjustments; 
the second column representing any rotational 
adjustments and the third column displaying any 
flexion or extension of the components.

The aforementioned stereotactic boundaries 
may be extended if required to meet these align-
ment goals. Although this is within safe limit, one 
must be wary to protect the soft tissues of iatro-
genic damage when using extended boundaries.

34.3.5  Implantation

Finally, the implant is sited as specified. In both 
cemented and cementless forms, this is inserted 
manually by hand in TKA. Once inserted, a final 
check of soft tissue balance may be performed 
with the optical arrays.

At present, the MAKO system is designed to 
work solely with the Triathlon Total Knee System 
(Stryker Orthopaedics), which has survival rates 
of up to 97.3% at 7 years [2]. Other robotic sys-
tems are being designed as an open system for 
use with multiple implant manufacturers 
[31–33].

34.4  Learning Curve

The implementation of any new technology takes 
time, effort and experience to become proficient 
with its use. Critics of robotic arthroplasty have 
cited it to be associated with extended surgical 
times, whereas advocates for robotics state repro-
ducibility and precision as fundamental advan-
tages in allowing surgeons of any calibre to 
produce comparable results [17, 34].

Kayani et  al. performed a prospective cohort 
study of 60 RATKAs following 60 consecutive 
conventional TKAs, analysing the learning curve 
of RATKA using metrics of operative time, 

Fig. 34.4 Robotic arm with sawblade attachment has a 
pre-defined boundary shown by the green outline, which 
uses stereotactic feedback to stop the sawblade and pre-
vent extending past this boundary. The green-shaded arm 
signifies bone yet to be cut, whereas white signifies satis-
factory bone resection

A. K. Asokan et al.



483

surgical- team anxiety levels and accuracy of 
implant positioning and alignment [35]. They 
found a learning curve of seven cases for both 
operative time (P = 0.01) and surgical team anxi-
ety levels (P  =  0.02); but no learning curve for 
achieving planned implant positioning and align-
ment when using robotics. Similarly, Sodhi et al. 
analysed the learning curve comparing two sur-
geons using mean operative time as the primary 
outcome, and found it to be 20 consecutive 
RATKAs relative to conventional TKA, with the 
final 40 RATKA taking significantly less time to 
the first 40 (p < 0.05), however comparable to con-
ventional TKA [36]. In their series of 70 RATKAs, 
Siebert et al. report a decrease of mean operating 
time from 135 min to 90 min in the last patients in 
their cohort, although they did not define the case 
load for this decrease to occur [37].

At present RATKA is associated with a learn-
ing curve between six to 20 patients, but crucially 
implant positioning and alignment are not seen to 
be affected by experience with robotics [38]. 
Thus suggesting one must plan for the initial 
learning phase in developing RATKA into their 
centre; however, precise results can be expected 
regardless of experience. Though the perception 

of increased operative times with RATKA exists, 
the literature at present shows a dramatic reduc-
tion in operative time with familiarisation, and 
strategies have been suggested to optimise this 
further to bring operative time in line with con-
ventional TKA [39].

34.5  Current Evidence Base

The use of Robotics in TKA has shown to pro-
vide a number of benefits over conventional jig- 
based TKA, including: improved accuracy of 
implant positioning, reproducibility of alignment 
within safe limits and improve soft tissue balance 
with reduced periarticular soft tissue damage; all 
of which provide potential improvements in 
functional outcomes and implant survivorship 
[28, 40, 41].

34.5.1  Alignment

The use of stereotactic feedback to produce hap-
tic boundaries that limit sawblade action improves 
the precision of femoral and tibial bone cuts. This 

a b

c

Fig. 34.5 (a) Gap balancing with knee in extension and 
valgus stress applied. (b) Gap balancing with knee at 90° 
flexion and varus stress applied. (c) MAKO program 

whilst gap balancing, showing effect of varus stress with 
opening of lateral compartment
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has been shown to translate into improved accu-
racy compared with conventional TKA.  Song 
et  al. undertook a randomised trial with 50 
patients undergoing unilateral RATKA, and 50 
patients with conventional TKA. They found no 
outliers in mechanical axis (>±3° from neutral) in 
the robotic cohort, compared to 24% in the con-
ventional cohort [42]. Bellemans et al. conducted 
a prospective study of 25 patients undergoing 
RATKA. They concluded at 5-year follow-up, all 
femoral and tibial implants were within 1° of pre- 
planned positions in all three axes [43]. Liow 
et al. conducted a prospective randomised study 
between 31 RATKA and 29 conventional 
TKA.  They found a statistically significant dif-
ference in rate of outliers of deviation from 
mechanical axis between the robotic (0%) and 
conventional (19.4%) cohorts (p  =  0.049) [44]. 
Overall, robotic assistance has shown to consis-
tently reduce the incidence of outliers, providing 
more precise results [45].

34.5.2  Soft Tissue Trauma

The use of haptic boundaries not only improves 
bone resection precision, but also is advanta-
geous in protecting the soft tissue envelope. It is 
accepted that controlled soft tissue releases are 
often required in conventional TKA to balance 
mediolateral laxity and flexion-extension gaps 
[13, 46–48], which are essential parameters in 
optimising knee kinematics, stability and implant 
survivorship [46, 49, 50]. However, RATKA is 
shown to limit the amount of soft tissue release 
required, by fine-tuning bone resections with 
high precision and subsequent implant position-
ing. This is thought to reduce post-operative 
swelling, reduced analgesic requirements, earlier 
rehabilitation and improved functional outcomes 
[41, 51]. Khlopas et al. performed cadaveric stud-
ies comparing six RATKAs and seven conven-
tional TKAs. They used blinded observers to 
assess soft tissue trauma following bone resec-
tion in these two groups, and found RATKA to 
exhibit reduced trauma to the posterior cruciate, 
medial collateral and lateral collateral ligaments 
[52]. Kayani et al. performed a prospective study 

comparing 30 RATKAs with 30 conventional 
TKAs to assess soft tissue trauma. They found 
reduced periarticular soft tissue trauma in 
RATKA relative to conventional (P < 0.05) [30].

34.5.3  Functional Outcomes

Improved alignment and reduced soft tissue 
trauma theoretically improve functional out-
comes of RATKA, as shown in a number of early 
studies [53]. Kayani et al. conducted a prospec-
tive cohort study comparing early functional out-
comes in 40 RATKAs and 40 conventional TKAs 
[51]. They reported RATKA to show reduced 
post-operative pain, analgesia requirements, time 
to discharge, need for inpatient physiotherapy. 
Their reported median time to discharge in 
RATKA patients was 77 h, compared with 105 h 
in conventional TKA (p < 0.001). Marchand et al. 
performed a prospective cohort study to measure 
patient satisfaction at 6 months post-operatively 
following 28 robotics TKAs and 20 conventional 
TKAs, using the Western Ontario and McMaster 
Universities Arthritis Index (WOMAC) to com-
pare pain scores, physical function and total sat-
isfaction [54]. They report mean pain scores of 
5 ± 3 in conventional TKA and 3 ± 3 in RATKA 
(p  <  0.05). Mean total WOMAC scores were 
14 ± 8 in conventional TKA and 7 ± 8 in RATKA 
(p < 0.05). These studies as well as a number of 
others in the literature show promising results of 
RATKA in producing better functional outcomes 
in the early post-operative period compared to 
conventional TKA [37, 55–57].

This significant improvement in functional 
outcomes in the early post-operative period is 
not currently replicated in the medium- to long-
term. Liow et  al. report functional outcomes 
using Oxford Knee Scores (OKS) and Knee 
Society Scores (KSS) at 6 months and 24 months 
post- operatively in 31 robotics TKAs and 29 
conventional TKAs. They found no statistically 
significant differences in these scores at either 
period between the two groups [58]. Equally, 
Song et al. found no difference in WOMAC or 
Hospital for Special Surgery (HSS) scores 
between 50 RATKAs and 50 conventional TKAs 
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at 2-year follow-up [42, 59]. In the long-term, 
although there is paucity of data, Cho et al. have 
recently reported functional outcomes at mini-
mum 10-year follow-up in 155 RATKAs and 
196 conventional TKAs, concluding no statisti-
cal differences in WOMAC, OKS, or KSS 
scores [60].

The evidence at present shows a clear discrep-
ancy in functional outcomes in the early post- 
operative period, with RATKAs exhibiting 
improved performance. However, this advantage 
is not currently seen in the medium- to long-term 
period between the two groups. Given robotic 
technology is a relatively new concept, particu-
larly in arthroplasty, there is paucity of long-term 
data.

34.6  Cost-effectiveness and Other 
Challenges

Although encouraging research supports the use 
of robotics in TKA through improved early func-
tional outcomes, greater precision and reproduc-
ibility of implant position and alignment; the fact 
remains there are many challenges which lay 
ahead. Principles of which, are the substantial 
associated costs with implementing robotic tech-
nology through high installation costs (purchase 
price of $600 k to $1.5 million USD depending 
on robot specification), increased imaging and 
radiation, staff training, software, greater con-
sumable and increased operative times in the 
learning phase. Advocates of robotics suggest 
costs may be offset by reduced revision surgery 
through better outcomes [45, 61], and the econo-
mies of scale which are achieved in high-volume 
centres which can offset large proportions of the 
setup costs [62, 63]. One of the most comprehen-
sive analyses to date of global costs between 
RATKA and conventional methods, including 
outpatient analysis was performed by Mont et al. 
in 2019 [64, 65]. They analysed health care utili-
sation between these 519 RATKAs and 2595 
conventional TKAs at 30, 60 and 90 days includ-
ing index procedure costs. They found consis-
tently lower mean costs in the RATKA cohort, 
with cohort average costs of $18,565 versus 

$20,960 (p < 0.0001) at 90 days post-operatively 
in the robotic and conventional cohorts, respec-
tively. This is attributed to significantly reduced 
outpatient costs in the robotic cohort; with 47% 
fewer patients seeking skilled nursing facilities at 
30 days (p < 0.0001), fewer home health visits 
(p  <  0.05) and fewer emergency department 
attendance and readmissions (p = 0.0423).

In addition to cost analysis, other clinical 
challenges exist in RATKA.  The additional pin 
sites currently required to undergo bone registra-
tion require additional incisions. There is limited 
research surrounding pin-site morbidity, with 
Wysocki et al. presenting two patients suffering 
femoral fractures at their pin-sites 3 months fol-
lowing computer-navigated TKA [66], and 
Siebert et al. reporting three patients with super-
ficial skin irritation following RATKA [37]. 
There is inadequate evidence to analyse the risk 
of surgical site infection and periprosthetic joint 
infection with RATKA [31]. The pre-operative 
phase has time delays in awaiting the remote 
planning team to template the optimal implant 
sizing and positioning, to then undergo final 
adjustments by the operative surgeon. In addi-
tion, there is increased exposure through pre- 
operative CTs and CT-guided robotics.

34.7  Future Direction

The expansion of robotic surgery within arthro-
plasty has rapidly evolved over the last three 
decades, continually exhibiting promising results. 
The infancy of the technology inherently limits 
the amount and quality of the data, in addition to 
the large cost basis at present. Ongoing and future 
researches are focussed on a number of different 
areas, with emphasis on attaining high quality 
data, with prospective trials concentrated at a 
handful of centres worldwide.

The novelty of functional alignment leads to 
further trials evaluating the outcomes of func-
tional alignment relative to mechanical align-
ment in RATKA. Kayani et al. recently registered 
a prospective double-blinded randomised control 
trial comparing outcomes in 100 patients under-
going RATKA, with 50 functionally aligned and 
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50 mechanically aligned [29]. They include clini-
cal and functional outcomes, in addition to accu-
racy of implant position, limb alignment, gait 
analysis and cost analysis at 2 weeks to 2-year 
follow-up.

A number of trials are underway comparing 
outcomes between RATKA and conventional 
TKA using a variety of metrics [67, 68]. One 
study aims to evaluate the outcomes of implant 
positioning and alignment between these two 
cohorts and its effect on over all limb alignment 
[69]. An ongoing trial at University College 
Hospital, London aims to compare the level of 
inflammatory response between the two cohorts, 
as it is hypothesized intra-operative soft tissue 
trauma may be a leading cause for poor early 
patient-reported outcomes in conventional TKA 
[70]. This study looks into the effects of soft tis-
sue trauma on time to discharge, post-operative 
pain and functional outcomes. There are yet to be 
any high quality studies evaluating long-term 
functional outcomes and survivorship of TKA 
performed with robotic assistance, and thus this 
must be a priority of focus in future.

Improving the overall surgical efficiency and 
cost basis is a priority in integrating RATKA into 
routine orthopaedic practice. Preliminary studies 
have shown methods to do this, and in highlight-
ing the learning curve associated with this. 
Further efforts to understand and reduce the 
learning curve, define and reduce operative time 
at each phase of surgery and widening access to 
this technology will all help in improving the 
cost-effectiveness of RATKA [38]. Finally, fur-
ther assessments on the true cost savings through 
reduced revision rates and outpatient costs should 
be evaluated in the long-term to give better justi-
fication for the use of robotics in TKA.

34.8  Summary

Robotic-assisted surgery is a rapidly evolving 
field, which has shown great promise within total 
knee arthroplasty. Clear improvements in early 
functional outcomes have been shown so far. But 
the infancy of the technology means this gambit 
is yet to show improvements in longer term func-

tional outcomes and implant survivorship. The 
use of RATKA is expanding into more centres; 
however, the cost basis is a limiting factor. 
Studies showing equivalent operative times to 
conventional methods after the initial learning 
phase combined with reduced post-operative out-
patient requirements and theoretically improved 
long-term survivorship should all help to greatly 
improve the cost-effectiveness of this technology. 
Although questions remain, it is clear that robotic 
technology is the beginning of a revolution in 
arthroplasty.
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35.1  Introduction

Total knee arthroplasty (TKA) is one of the most 
commonly performed safe and efficient surgeries 
for end-stage osteoarthritis. However, the dissat-
isfaction rates among patients undergoing TKA 
are still about 15–20%; with revision rates of up 
to 6% within 5 years after primary TKA [1–4]. To 
improve on the clinical and radiological outcome, 
surgeons have adopted various strategies like 
computer-assisted surgery (CAS), robotic assis-
tance, accelerometer or sensor application [5, 6] 
and different knee alignment techniques [7, 8]. 
CAS has shown to improve the accuracy of 
implant positioning by providing the patient- 
specific data to the computer, which provide live 
kinematic information on-screen during surgery 
[9]. However, the bone preparation is done manu-
ally, and there is no active restraint on the sur-
geon [10]. Hence, robotic systems were 
developed, which differ from CAS by three key 
features, i.e. creation of haptic boundary, provid-
ing real-time feedbacks and augmented reality, 
which improve surgeon experience [11].

Robotic systems may be broadly categorised 
based on the type of technology platforms [12].

 a. Autonomy: Robotic systems may be classified 
depending on its autonomy into active, semi- 
active and passive. Active robotic systems are 
truly autonomous and execute the task inde-
pendently, without much input from the sur-
geon intra-operatively. These systems initially 
fell out of favour due to high complication 
rates and repetitive failures, but now have 
gradually evolved and are back into use. 
Passive systems, on the other end of the spec-
trum, work exclusively under the supervision 
of the surgeon. Presently, semi-active robotic 
systems are the most prevalent type, which 
work in synchrony with inputs from the sur-
geons, providing real-time feedback. This sys-
tem offers a haptic boundary and speed/depth 
control for the end effector tool, i.e. saw or 
burr.

 b. Image-based or Imageless Systems: Based on 
planning strategy, robotic systems can be 
image-based or imageless. The image-based 
systems involve pre-operative CT or MRI 
scan, for accurate pre-operative planning of 
implant position and alignment. This ‘preap-
proved’ plan is later executed during the sur-
gery. Imageless systems, on the other hand, 
rely on intra-operative registration of patient’s 
anatomy after the surgical exposure. These 
solely rely on the surgeon’s accurate input of 
data during the surgery.
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 c. Closed or Open Platform: Robotic systems 
which are compatible exclusively to a specific 
manufacturer’s implant are ‘closed’ platforms. 
‘Open’ platform allows different implants to 
be used with the system according to the sur-
geon’s preference or patient’s needs. However, 
the limitation is that the open platform sys-
tems may lack specificities of various implant 
designs, thus unable to incorporate finer 
adjustments specific for different implants.

In this chapter, we are discussing the semi- 
active, image-based robot, MAKO (Mako Surgical 
Corp. (Stryker), Fort Lauderdale, Florida) which 
utilises a pre-operative CT scan for planning the 
implant size, positioning and limb alignment 
(Fig. 35.1). This system provides audio-visual and 
haptic feedback during bone preparation and also 
controls the saw within the confines of a haptic 
boundary. MAKO is a closed system, compatible 
exclusively with triathlon implants (Stryker, 
Mahwah, New Jersey) only [13].

35.2  Pre-operative Planning

The MAKO TKA software enables the surgeon 
to do pre-operative implant planning using a 
patient-specific CT-based bone model and virtual 
implant templates. The primary purpose of pre- 
operative planning is to size, align and position 

the implant to bony anatomy. It also provides 
options for a ‘measured resection’ or ‘ligament 
balancing’ workflow according to the surgeon 
preference. Fine-tuning of the implant plan using 
additional clinical information such as patient- 
specific kinematics, fixed deformities and soft 
tissue tension will be performed during intra- 
operative planning. The MAKO TKA pre- 
operative planning involves the close 
collaboration of the surgeon with MAKO Product 
Specialist (MPS). This person helps in operating 
the MAKO TKA application software during the 
surgery. The pre-operative planning involves the 
following steps as follows:

35.2.1  CT Landmarks

MPS does the segmentation from the limited CT 
scan of the patient to create a virtual 3D anatomy 
of the knee. Following which a set of bony land-
marks collected from the CT scan have to be 
reviewed by the surgeon. This step is critical as 
the precise definition of these landmarks helps in 
accurate implant alignment with respect to the 
femoral and tibial mechanical axes, anteroposte-
rior (AP) axes and mediolateral (ML) axes 
(Fig. 35.2).

35.2.2  Resection Landmarks

The surgeon reviews and modifies resection land-
marks which are used to compute the medial and 
lateral resection thicknesses of the distal femur, 
posterior femur and proximal tibia (Fig. 35.3).

35.2.3  Implant Positioning 
(Pre-operative)

The software allows the surgeon to position the 
implant on the patient’s virtual 3D anatomy tak-
ing into account the six degrees of freedom, 
implant alignment in all three planes and consid-
ering the key anatomic landmarks such as the 
transepicondylar axis (TEA), posterior condylar 
axis and the mechanical axis. It also helps in opti-

Fig. 35.1 The Mako robotic arm-assisted total knee 
arthroplasty system (Mako Surgical Corp. (Stryker), 
USA)
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mising the component size by displaying graphi-
cal information regarding implant overhang, 
anterior notching and overstuffing of the patello-
femoral joint (Fig. 35.4).

35.3  Surgical Technique

35.3.1  Patient Positioning

The patient is positioned supine on the surgical 
table with operative limb mounted on the Stryker 
leg positioner, which secures patient foot and leg 
into a leg holder boot (Fig.  35.5). This ensures 

the stability of the limb during bone resection. 
The non-operative limb may be supported using 
split-table support or hung down 90° at the knee. 
The surgeon stands on the ipsilateral side of the 
operative knee and assistant on the contralateral.

35.3.2  MAKO System Setup

The MAKO system consists of the robotic arm 
positioned on the ipsilateral side and camera 
stand with ‘Surgeon Monitor’ and the ‘Guidance 
Module’ for the MPS on the opposite side 
(Fig. 35.6).

Fig. 35.2 Determining the important CT landmarks which help in determining the different axes, for accurate implant 
planning pre-operatively

a b

Fig. 35.3 (a) Determining the resection landmarks for femur; (b) resection landmarks for tibia
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35.3.3  Surgical Exposure

The standard manual surgical approach and arthrot-
omy may be done according to the surgeon’s pref-
erence. When performing a posterior cruciate 
ligament (PCL) retaining procedure, evaluation on 
the integrity of the PCL is done. The osteophytes 
will be removed only after bone registration.

35.3.4  Tracker Array Placement

Via stab incisions, two 3.2  mm bicortical 
threaded pins are inserted approximately 10 cm 
distal to tibial tuberosity and two 4  mm pins 

inserted 10 cm proximal to the superior edge of 
the patella through the sleeves of the array stabi-
liser. Femoral pins are inserted with the knee in 
90° of flexion and 30°–40° from the midline in 
an anteromedial to posterolateral direction to 
avoid tethering of quadriceps tendon. The tibial 
and femoral arrays are then secured to the pins 
with clamps. The array assembly is oriented in a 
way that it is visible to the infrared camera 
throughout the range of movement of the knee 
(Fig. 35.7).

35.3.5  Bone Registration

Registration involves three steps.
3.5.1 Bone Registration
Registering the patient landmarks includes 

registration of the hip centre by circumducting 
the hip, followed by medial and lateral malleolus 
using a blunt probe (Fig. 35.8). These landmarks 
are critical in calculating the mechanical axis of 
the limb, which helps in computing the coronal 
and sagittal alignment of the implants.

3.5.2 Bone Reference points
Two ‘bone checkpoints’ are placed just super-

omedial to the medial epicondyle of femur and 
another just medial to the tibial tuberosity, at 

Fig. 35.4 ‘Implant planning’ page providing detailed information regarding the position of the implant in all three 
planes and the size

Fig. 35.5 Leg positioner securing the leg and foot
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least 10 mm away from the nearest cut (Fig. 35.9). 
This helps in verifying the trackers attached to 
pins has not moved in relation to the bone before 
the bone preparation.

3.5.3 Registration of the distal femur and 
proximal tibia

This helps in linking the real bony anatomy of 
the patient in the operating room with the virtual 
3D bony model stored in the software. Forty reg-
istration points each from femur and tibia are col-

lected using a sharp tip probe and are verified for 
accuracy (Fig. 35.10).

35.3.6  Intra-operative Planning

Once the registration is completed, the osteo-
phytes are removed. By manual valgus and varus 
stress, the coronal plane deformity is then pas-
sively corrected in knee extension, and these 
‘poses’ are ‘captured’ (Fig. 35.11a, b). This helps 
in predicting the medial and lateral compartment 
extension gaps and limb alignment after making 
the bone cuts as determined from the plan.

Application of varus and valgus stress in flex-
ion may be difficult due to the inability to restrain 
the rotation of the femur. For this bone, paddles 
or spacer spoons are applied to distract the com-
partments in 90° flexion to determine the flexion 
gap (Fig. 35.11c, d).

Once the surgeon is satisfied with the gap bal-
ance in flexion and extension as determined by 
the pose captures, the pre-operative plan may be 
accepted to proceed. If the gaps are not accept-
able, then slight modifications can be made to 
implant position and alignment, to improve the 

Fig. 35.6 Operating room (OR) setup

Fig. 35.7 Tracking arrays being secured to the pins
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balance in flexion and extension. These fine 
adjustments to the implant position help in reduc-
ing the requirement for more soft tissue releases.

In usual varus knee scenarios, the gaps in the 
lateral compartment can be slightly looser than 
the medial, especially in flexion. By fine adjust-
ments of the femoral component by distalising 
or moving it anteriorly or posteriorly, the exten-
sion and flexion gaps can be equalised. Varus or 

valgus tilt of the femoral component may be 
done to balance the gaps if there is medial or 
lateral gap tightness (>2 mm) only in extension. 
If the medial/lateral gaps are tight (>2 mm) in 
both flexion and extension, then tibial varus/
valgus alignment can be modified. The software 
also provides an option to rotate the femur if 
the medial or lateral gap is tighter only in 
flexion.

a b c

Fig. 35.8 Registration of patient landmarks. (a) Hip center, (b) medial malleolus, (c) lateral malleolus

a b

Fig. 35.9 Verification of femoral and tibial checkpoints

a b

Fig. 35.10 Femoral and tibial bone registration
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If the unaffected compartment gaps measure 
greater than 20 mm, then complete correction of 
the gaps should be avoided. This scenario arises 
when soft tissues are stretched out. Attempting to 
balance such knees exclusively with modified 
bone cuts would result in severe malalignment. 
Appropriate releases and cuts according to sur-
geon’s plan and intra-operative decision can be 
executed well with help of the robot.

It is good to note that in gross deformities with 
bony defect and ligament laxity, it would be ideal 
to balance the gaps first and then proceed with 
the bone cuts. In other situations with milder 
deformities, measured resection technique can be 
done if the surgeon prefers it.

35.3.7  Positioning the Robot

The robot base has to be locked in position at the 
level of patient’s ipsilateral hip, making sure that 
the base array is visible to the camera. The robotic 
arm with saw handle is positioned 10 cm above 
the knee centre. The self-retaining retractors fixed 

to the leg holders retract the medial and lateral 
joint lines, negate the need for an assistant, thus 
avoiding a hindrance to the camera (Fig. 35.12).

35.3.8  Bone Preparation

Bone preparation begins with verification with a 
probe on the sawblade and bone checkpoints. 

a

c d

b

Fig. 35.11 (a) Pose capture of knee without correction in 
extension; (b) pose capture after correction with valgus 
stress shows the balanced gaps in extension; (c) spacer 

spoons applied to distract compartments in flexion; (d) 
pose capture in flexion showing balanced gaps

Fig. 35.12 Optimising the position of robot on the ipsi-
lateral side of the patient with base array in line with the 
camera
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There are two different saws; the 90° angled 
saw for the distal femur and posterior chamfer 
cuts, and a straight saw for anterior, anterior 
chamfer, posterior femoral cuts as well as for 
the tibial cuts. The saw is attached to a hand-
piece which has a trigger for activation. Once 
the trigger is pressed, motorised alignment of 
the sawblade to the ‘cutting zone’ occurs within 
a stereotactic boundary. The trigger is released 
and then held pressed to start the bone prepara-
tion. The surgeon completes the resection with 
the help of on- screen guidance to saw all the 
areas of the bone appearing green. The robotic 
arm gets inactivated automatically the moment 
saw moves out of the haptic boundary. This fea-
ture is critical in protecting the adjacent vital 
soft tissues and in improving precision. The 
haptic boundary also helps in retaining an island 
of bone around the PCL if the cruciate-retaining 
implant is planned. In addition, there is an 
option of extending the haptic boundary tempo-
rarily to resect the bone that is outside the 
default boundary, which is based on the implant 
size (Fig. 35.13).

35.3.9  Trial Reduction and Joint 
Assessment

35.3.9.1  Soft Tissue Balancing 
with Trial Implants

Once all the cuts are completed, with trial 
implants in place, the stability may be assessed 
by varus and valgus stresses applied in near full 
extension and around 90° of flexion. Also, the 
compartmental gaps can be checked live on- 
screen. If the gaps are not equal in flexion and 
extension, fine adjustments to the position of 
implants or soft tissue releases may be done to 
improve the balance. A change in the plan may 
require additional cuts by the robotic arm. 
Different situations that may probably arise will 
be a tighter extension gap that requires more dis-
tal femoral cut, or a tight flexion gap that may 
need downsizing of the femoral component or 
shifting the implant anteriorly. The tibial slope 

may be increased if the PCL is tight, which may 
be visualised as an excessive femoral rollback on 
the screen. Partial release or resection of PCL can 
be done if the PCL is still tight despite balanced 
flexion and extension gaps. A cruciate-retaining 
implant may readily be converted to a posterior- 
stabilised (PS) implant.

35.3.9.2  Soft Tissue Balancing 
with Tensioner

Another technique to balance the soft tissues is 
with a tensioner device available as a part of 
instrumentation (Fig. 35.14b). Here gaps can be 
assessed after all the bone cuts in both extension 
and 90° of flexion by inserting the tensioner 
device. Soft tissue releases or modification of the 
pre-operative plan may be done to balance the 
gaps. Changes to pre-operative plan may lead to 
additional bone removal using the robotic arm 
from the tight compartment.

An alternative workflow is by using the ten-
sioner after performing a distal femur and tibial 
resection. The extension gaps can be assessed 
using a spacer block and further balanced by soft 
tissue releases with or without changes in the 
implant position (Fig.  35.14a). Once the exten-
sion gaps are balanced, the tensioner is applied to 
90° flexed knee. Then the tensioner is applied to 
distract medial and lateral compartment gaps for 
assessing the flexion gap balance. If the gaps are 
unsatisfactory, the femoral component position 
can be adjusted to balance the gaps here, in a 
manner discussed previously.

35.3.10  Final Component 
Preparation 
and Implantation

Preparation of patella and femoral box for PS 
femoral component is done manually. Once satis-
fied with the balance and knee kinematics, the 
components are implanted via standard tech-
nique. After the cement is set, final alignment of 
the limb and gap measurements are recorded in 
flexion and extension.
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35.4  Discussion

MAKO robotic arm-assisted surgery was first 
started in 2006 for partial knee replacements, 
which soon became very popular due to its accu-
rate planning and execution. The next application 
of this system was for total hip arthroplasty 

(THA) in 2010, and subsequently, the software 
was rolled out for TKA by 2017. At present, there 
are about 1000 systems installed all over the 
world. The increasing interest and acceptance of 
this image-based system are due to its versatility 
in planning, improved implant alignment, precise 
selective replacement of the affected 

a 

b

c

Fig. 35.13 (a) Robotic 
arm-assisted bone 
preparation; (b) 
graphical progression of 
the bone preparation as 
seen live on-screen; (c) 
OR setup during bone 
preparation, surgeon 
monitoring the progress 
on-screen
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 compartments, feedback on soft tissue balancing 
and enhanced tissue protection. Hence, this sys-
tem has considerable potential in improving the 
radiological and functional outcome of TKA.

35.4.1  Accuracy of Implant 
Positioning

MAKO TKA system has proven benefits in 
improving the accuracy and reproducibility of 
implant positioning. On comparison with conven-
tional jig-based TKA, this system has improved the 
coronal and sagittal positioning of implants and the 
overall limb alignment [14, 15]. It also restored 
posterior condylar offset ratio, Insall-Salvati Index 
and the joint line better than the conventional jig-
based TKA [15, 16]. Recent CT-based studies have 
further established the accuracy of this system in 
executing the pre- operative plans for implant posi-
tioning with respect to all planes, including rota-
tional alignment [17, 18]. This precision may be 
attributed to the CT image-based pre-operative 
planning and haptic feedback from the robotic arm. 
This image-based system also has the potential to 
reduce the operative time compared to the image-

less ones, as the pre-operative planning is done 
before incision is made. The precision of the sys-
tem has been documented in unicompartmental 
knee arthroplasty (UKA) and THA application as 
well [19, 20].

35.4.2  Soft Tissue and Bone 
Preservation

MAKO system enhances the soft tissue protec-
tion by virtue of its accurate CT-based pre- 
operative plan, intra-operative audio-visual and 
tactile feedback and by the haptic- guided saw. 
The system alerts the surgeon and disables the 
cutting action of the sawblade if it inadvertently 
encroaches the defined haptic boundary. 
Operative and cadaveric studies have demon-
strated protection of the integrity of PCL with 
well-defined bone island, medial and lateral col-
lateral ligaments, poplitei and patellar ligaments 
and iliotibial bands compared to manual TKA 
[21–23]. In addition, patellar eversion or tibial 
subluxation may not be needed during the sur-
gery to improve visualisation. This reduces the 
damage due to soft tissue stretch and thereby less 
complication and pain [23]. Also, the MAKO 
system expedites bone preservation, as evidenced 
by the accuracy of bone resection found as high 
as 94.29% within 1 mm of the planned resection 
[24].

35.4.3  Functional Outcome

At present, there are only short-term clinical out-
come studies concerning the MAKO TKA sys-
tem. Majority of them show better results with 
respect to immediate post-operative pain, reduced 
opioid usage and earlier time to discharge com-
pared to conventional TKA [25–27]. This may be 
attributed to the preservation of peri-articular soft 
tissue and reduced iatrogenic trauma. However, 
some studies show statistically insignificant dif-
ference in functional outcome at 6 months and 
1-year post-surgery [28, 29]. Long-term 
 follow- up of the functional outcome is necessary 
to bring out meaningful results.

b

a

Fig. 35.14 (a) Extension gap being assessed with a 
spacer block. (b) Tensioner applied to 90° knee flexion to 
assess the flexion gap
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35.4.4  Complications and Implant 
Survivorship

The early complication rates of MAKO were not 
significantly different from conventional TKA 
[25, 30]. Main short-term complications docu-
mented with this system were manipulation 
under anaesthesia and wound dehiscence, which 
were comparable to conventional TKA [25, 26, 
29]. A 2-year follow-up multicentric study 
involving 188 MAKO TKA cases showed four 
(2.12%) revisions; two for infections and two 
aseptic revisions for unexplained pain and a peri- 
prosthetic fracture [31]. To assess the implant 
survivorship, existing studies are not sufficient, 
since most revisions usually occur in mid-term or 
long-term even for surgical mistakes.

35.4.5  Learning Curve

A learning curve of seven cases has been noted for 
MAKO TKA workflow assessing operative time 
(89.2 vs. 66.8 min, p = 0.01) and the surgical team 
stress levels. However, there was no learning curve 
for accurate implant positioning and planned limb 
alignment [15]. Another comparative study involv-
ing 240 cases showed a significant difference in 
mean operative times (81 vs. 68 min, p < 0.05) for 
the first robotic TKA cohort and conventional 
cohort. However, no significant difference in mean 
operative times (70 vs. 68  min, p  >  0.05) was 
noticed for the last robotic-assisted cohort and the 
conventional cohort [32]. This shows that the oper-
ative time for MAKO TKA becomes comparable 
with conventional TKA as the surgeon and his 
team are acquainted with the workflow.

35.5  Drawbacks

35.5.1  Pin Tracts-related 
Complications

Peri-prosthetic fractures due to stress riser effect 
of the pin tracts for optical tracking arrays have 
been a documented complication for navigation- 
assisted surgery [33, 34]. This risk may be 

reduced by placing the pins towards the metaphy-
seal region of the distal femur. Other theoreti-
cally plausible complications related to pins are 
neurovascular injury, pin-tract pain, infection and 
wound dehiscence.

35.5.2  Radiation Exposure

Since this is an image-based system that includes 
a limited pre-operative CT scan for planning, 
risks of radiation have been of concern. However, 
the mean effective dose of this imaging being 
around 4.8 mSv, which is only about 2.5–3 times 
the radiation dose of a complete hip or knee 
X-ray series [35]. Moreover, other studies show 
that a mean ED of 4.8 mSv has a negligible influ-
ence on cancer risk; for example, a 65-year-old 
male has a 44.9% risk of developing cancer dur-
ing his lifetime. A single exposure to an ED of 
4.8  mSv increases lifetime cancer risk from 
44.9% to only 44.92% [36]. Thus, the benefits 
from accurate pre-operative planning and robot-
ics may outweigh this risk [37].

35.5.3  Operative Time

The robotic systems in TKA are known to 
increase the operative times. This is mainly due 
to the registration process and challenge in main-
taining the tracking array orientation to the cam-
era, especially during the learning curve. 
However, as the surgeons and operating team 
become more accustomed to the workflow, 
robotic-assisted and conventional case operative 
times become comparable [32].

35.5.4  Cost

The capital expenditure on the purchase of the sys-
tem is high and may be prohibitive for low- volume 
centres. Also, there is a recurring expense for the 
disposables and consumables, along with the main-
tenance cost. But recent studies have shown there is 
a reduced cost in robotic-assisted TKA as per 
90 days episode-of-care cost analysis and compar-
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ative cost analysis with manual TKA [30, 38]. This 
has been attributed to reduced length of stay, fewer 
analgesics requirement, reduced readmission and 
post-discharge resource utilisation [30].

35.6  Case Examples 
Demonstrating the Accurate 
Execution of Different 
Alignment Options

Case 1. Mechanical alignment (Fig. 35.15)
65/F with advanced varus osteoarthritis knee with a 
hip-knee-ankle (HKA) angle of 11° was planned 
for a mechanical alignment. Here, the LDFA (lat-
eral distal femoral angle) was 91° and MPTA 
(medial proximal tibial angle) was 86° (Fig. 35.15a). 
The goal of mechanical alignment is to get the 
HKA angle to neutral, i.e. LDFA and MPTA to 90° 
as seen in the pre-operative plan (Fig. 35.15b). The 
post-operative X-ray shows accurate execution of 
the planned alignment (Fig. 35.15c).

Case 2. Individualised alignment
59/F with a pre-operative HKA angle of 9° under-
went right TKA with an individualised alignment, 
in accordance with the kinematic alignment phi-
losophy. Individualised alignment aims at match-
ing or closer to the native LDFA and MPTA for 
the patient. Here, the post-operative scanogram 
shows the accurate restoration of native LDFA 
(90°) and MPTA (86°) with the resultant HKA 
angle of 4° of varus (Fig. 35.16c). The patient also 
underwent a robotic UKA on the left side.

35.7  The Future

Despite the limited data available showing the 
superiority of this image-based robotic system, 
there is clear evidence of its capability in execut-
ing the pre-operative plans accurately. Due to this 
proven feature, now surgeons can execute differ-
ent alignment options according to their choice 
with precision. This also helps in future research 

a

b

c

Fig. 35.15 (a) Pre-operative scanogram; (b) pre-operative plan; (c) post-operative scanogram demonstrating the accu-
rate execution of mechanically aligned knee
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in accurate comparison of various alignment 
options, as this removes the surgeon and 
instrumentation- related variability. Due to the 
unparalleled accuracy of this system, the applica-
bility of cementless implants may increase in 
future. Cementless implants with MAKO, which 
is now US FDA approved, have potential in 
enhanced preservation of bone stock, reduced 
operative time and avoidance of cement-related 
complications. The possible development of 
newer implant designs and patient-specific 
implants can come up in a big way in future due 
to the versatility of this system.

35.8  Summary

• MAKO is a versatile semi-active image-based 
robot that incorporates a pre-operative CT 
scan for precise planning.

• Involves a haptic guidance system for the sur-
geon, thus enhancing soft tissue and bone 
preservation.

• Proven benefits in the precise execution of the 
planned implant position and limb alignment.

• Short-term results show better functional 
recovery than conventional technique; how-
ever, needs long-term follow-up to establish 
clinical benefits.
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36.1  Introduction

In the USA alone, surgeons perform more than 
600,000 knee replacements annually. By 2030, 
experts expect a 673% increase in knee replace-
ments [1]. Over the last decade, robotic technol-
ogy has been implemented to minimize human 
error, improve surgical precision, and improve 
long-term clinical outcomes [2]. It has been 
found to improve the accuracy of implant posi-
tion and all for better-aligned knee replacement 
that may improve long-term implant survivor-
ship [3].

Unicondylar knee arthroplasty (UKA) 
accounts for 8–10% of all knee procedures that 
aim to relieve medial compartment osteoarthritis 
or focal osteonecrosis in one compartment of the 
knee [4]. UKA offers advantages over total knee 
arthroplasty (TKA), such as improved preserva-
tion of bone stock, reduced operating times, and 
improved functional outcomes at the expense of 
implant survivorship and increased revision rates 
[5]. The increased revision rates may be attrib-
uted to the technically demanding nature of the 
surgery.

Robotic approaches have been divided into 
three types of technical platforms, active, semi- 
active, and passive. Active systems do not involve 

the surgeon while performing the task. Semi- 
active systems involve the surgeon but are limited 
by tactile feedback from the system. The final 
approach is passive systems, including computer- 
assisted surgery, which provides the surgeon with 
information prior to and during the procedure but 
remains under direct control by the surgeon [6]. 
Technical improvements, including haptic guid-
ance, include the advancement of semi-active 
systems [7]. Semi-active systems restrict the cut 
volume by defining constraints of cut motion in 
space but call for surgeon manipulation [8]. 
Haptic sensation is provided to the surgeon 
through auditory, tactical, and vascular cues that 
provide quantitative feedback to the surgeon, 
including 6 degrees of freedom (3 translational 
and 3 rotational), to prevent over resection and 
malpositioning during the surgery.

The use of robotic unicondylar knee arthro-
plasty (rUKA) has risen in efforts to combine a 
minimally invasive approach while overcoming 
the technical difficulties of the surgery. rUKA 
was shown to be cost-effective for a high-volume 
arthroplasty center when annual case volume 
exceeds 94 cases per year and the 2-year failure 
rates were below 1.2% [2]. rUKA has demon-
strated improved accurate implementation of the 
femoral and tibial components in all three planes 
as well as better functional outcomes and accel-
erated recovery. In addition, early improved 
implant survival has not been fully investigated 
in mid- to longer-term analyses yet [9].
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36.2  Patient Selection

Historically, rUKA has a similar selection pro-
cess to manual unicondylar knee arthroplasty 
(mUKA). Recommendations are based on (1) 
the work of Kozinn and Scott, who supported 
the use in low-demand patients older than 
60 years, and (2) a modern belief that supports 
the use in younger and active patients. The gen-
eral indications for UKA include isolated medial 
compartment osteoarthritis and preservation 
joint space in other compartments of the knee 
joint. Kozinn and Scott recommend UKA in 
patients with intact anterior cruciate ligament 
(ACL), angular deformity less than 10 degrees 
of varus or 15° of valgus, minimum 90° flexion 
arc and flexion contracture of less than 5°, and 
no pain or exposed bone in the patellofemoral 
compartment [10].

The inclusion of patients younger than 
60  years and obese patients has shown mixed 
results regarding outcomes and survivorship in 
these groups that have been previously excluded 
from consideration for UKA. Today, UKA is sup-
ported in younger patients as well when the func-
tional instability is limited, and there is an 
absence of severe deformities and ligament insta-
bilities throughout the knee. Felts et al. showed a 
94% UKA survival rate and improvement on 
KOOS scores at 12  years postoperatively in a 
cohort of 62 patients aged 60 years and younger 
[11]. However, large studies have found increased 
revision rates and poorer long-term outcomes in 
patients less than 65 years old [12, 13]. Naal et al. 
and Cavaignac et al. found no difference in BMI 
and the rate of survival of fixed-bearing prosthe-
sis and long-term UKA survival at a mean of 
2  years and 12  years, respectively [14, 15]. 
Berend et  al. found that a BMI greater than 32 
was associated with increased risk of failure in 
patients undergoing medial UKA [16]. It is nec-
essary to perform similar studies on rUKA to see 
if the outcomes remain the same.

Examining contradictions can play an impor-
tant role in identifying who is eligible for 
rUKA.  Contraindications include hemophilia, 
inflammatory arthritis, previously failed osteot-
omy or ipsilateral UKA, symptomatic knee insta-

bility, inflammatory disease, ACL deficiency or 
insufficiency, substantial subchondral bone loss, 
and severe patellar malalignment issues. 
However, one analysis revealed that out of over 
4000 total knee arthroplasties (TKA), only 4.3% 
met the clinical indications for UKA and 6.1% 
met the anatomic indications [17]. The inclusion 
and exclusion criteria need to be continually 
examined but favor the inclusion of as many 
patients as possible in a surgery that combines 
the minimally invasive nature, surgical precision, 
and component alignment of robotic-assisted 
techniques.

36.3  Planning

The appropriate indications and contraindications 
should be addressed based on a history, physical 
examination, and use of radiographic analysis. 
Surgery should only be considered after failed 
nonsurgical treatment options, such as NSAIDs 
and injections. Physical examinations should 
reveal no edema, increased temperature, or ery-
thema. Radiographic analysis should include 
standing AP and lateral views to assess the degree 
of osteoarthritis and potential osteophytes, joint 
space narrowing, and subchondral cysts. The gen-
eral steps involved in planning are consistent 
throughout most robotic systems: (1) A patient-
specific model is created, (2) the model and plan 
are intraperatively registered according to the 
patient’s anatomy and (3) robotic assistance is 
used to carry out the preoperative plan and make 
bony cuts [7].

36.3.1  Preoperative

rUKA systems utilize computed tomography 
(CT) scans to create a three-dimensional model 
of the patient’s knee. The images from the CT 
scan are segmented into a model of the patient’s 
knee, allowing the surgeon to plan the size, 
alignment, and position of the implant with the 
aid of the robotic system. The surgeon can rotate 
the view of the three-dimensional model to bet-
ter see and plan their surgical approach, which 
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can reduce the margin of error tied to manual 
preparation. The surgeon aims to replicate a nor-
mal knee and, with the aid of the system, can see 
how different sized implants would fit the 
patient- specific knee, allowing for an ideal fit 
before starting surgery (Fig. 36.1). Figure 36.1 

shows the patient-specific options based on the 
individual kinematics of the knee. The three- 
dimensional model of the knee is used to aid in 
the preoperative implant positioning, in the over-
all leg alignment, and in the varus and valgus 
measurements [18].

36.3.2  Intraoperative

Intraoperative bone registration is used to con-
firm the patient’s knee anatomy prior to the bone 
resection. In CT-free systems, registration is per-
formed by mapping the patient’s anatomy onto a 
virtual model of the knee joint, while the plan-
ning of implant positioning and bone resec-
tion is performed intraoperatively (Fig.  36.2). 
Figure 36.2 shows this process in four colors: the 
native bone in white, the planned resected bone 
in green, resected bone in white, and the over- 
resected bone in red. In CT-based systems, the 

Fig. 36.1 Patient-specific planning

Fig. 36.2 Bone resection
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patient-specific model is mapped intraoperatively 
to confirm bone geometry [12]. The intraopera-
tive planning consists of mapping the cartilage 
surface as well as confirming or fine-tuning the 
preoperative plan. Arrays are attached to the knee 
at different key points, the center of the hip, the 
ankle, the femur, the tibia, and location of the 
damage in order to better register the location and 
position of the bone. A probe is used to map out 
the surface of the cartilage to further aid the robot 
in locating the region in which the surgery will be 
done. The three-dimensional model of the knee is 
updated in real time, allowing the surgeon to 
adjust and fine-tune the surgical plan throughout 
the surgery [13].

36.4  Surgical Approach

36.4.1  Design Approach

Two design concepts that are prevalent in rUKA 
prostheses are fixed-bearing (FB) UKA and 
mobile-bearing (MB) UKA.  However, it is not 
clear-cut in the literature regarding the efficacy of 
the two implants since most of the evidence is 
based on mUKA procedures. FB UKA benefits 
from the technical ease of ligamentous balancing 
and decreased risk of implant dislocation in com-
parison with MB UKA [19–21]. However, the 
implant is susceptible to peripheral wear due to 
the restriction by its rigid articulating surface 
design [22]. On the other hand, MB UKA works 
to reduce polyethylene wear and maintain natural 
knee kinematics at the expense of more common 
dislocations [23, 24]. Ko et al. found the overall 
re-operation rate was comparable between mixed 
and mobile bearings, but mobile bearings led to 
re-operations in patients from aseptic loosening, 
implant dislocation, and progression of osteoar-
thritis [19]. Koon found no statistical differences 
in clinical assessments between 50 cases of FB 
rUKA compared to 50 cases of MB 
rUKA. However, she did find a statistical differ-
ence in postoperative radiological corrected 
alignment, favoring the FB cohort and supporting 
the theoretical differences between the two pros-
theses [25].

In 2000, Justin Cobb first introduced rUKA in 
order to maximize implant position in reporting 
overall tibiofemoral coronal plane alignment 
within 2° for every case performed with robotic 
assistance. This level of accuracy was only 
achieved by 40% of conventional surgery. In 
2006, MAKO Surgical Corporation became the 
first to receive US FDA clearance to implant 
haptic- controlled passive robotic arms in medial 
UKAs. The implant design was based on 
CT-based parameters of over 100 healthy and dis-
eased knees and aims to combine the dynamic 
tracker marker arrays and the ability for the sur-
geon to freely adjust limb position and orienta-
tion during bone cutting [26].

36.4.2  Surgical Technique

The arrays are attached to the patient and moni-
tored by stereoscopic infrared cameras, allowing 
the surgeon to view a three-dimensional model of 
the patient’s knee in real time. The robotic arm uti-
lizes a high-speed 6-mm burr guided by the sur-
geon to resurface only the degenerative surfaces 
while preserving the healthy surfaces and main-
taining an optimal mechanical axis, implant align-
ment, and femorotibial alignment. The mechanical 
burr tip can be removed from the surgical zone at 
any point throughout the surgery to allow a tracker 
probe to visualize accuracy and cuts on the 
patient’s CT scan. The robotic system uses stereo-
tactic boundaries set in the preoperative planning 
to prevent any unnecessary damage to soft tissue 
during the surgery. A screen shows the model of 
the knee, depicting the bone that needs to be cut 
and the bone that has already been cut [18].

The robotic system also aids the surgeon in 
dynamic ligament balancing to achieve balanced 
medial and lateral gaps, as well as balanced 
extension and flexion gaps. Two techniques used 
to accomplish this are (1) distal/tibia cut first or 
(2) pre-resection balancing. The distal/tibia cut 
first technique involves making the resections in 
the distal femur and the proximal tibia before uti-
lizing a knee tensioner to equalize the ligaments. 
When executing the pre-resection balancing 
technique, the ligaments are balanced before any 
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bone resections are made (Fig. 36.3). Figure 36.3 
shows the ligament balancing options, including 
resizing of both femoral and tibial components 
and extension gap assessment. This technique is 
only to be used when osteophytes are removed, 
adhesions are released, flexion contracture or 
recurvatum is absent, ligaments are properly ten-
sioned, and the unaffected compartments have 
healthy cartilage [18].

In the preoperative planning, the size and 
positioning of the implant are selected. Changes 
to the plan can be made even after the initial bone 
resections during the surgery. Although the 
robotic system aids the surgeon in the surgery, 
the surgeon is still in control and can override the 
system if necessary (Fig.  36.4). Therefore, the 
surgeon’s judgment is still extremely important 
as the robotic system only helps execute a plan 
with more reproducible results [18].

36.5  Discussion

36.5.1  Implant Positioning

Several studies reported on postoperative limb 
malalignment, optimal knee alignment, base 
plate positioning, and reproduction of femoral 
axis, which represents the consensus regarding 
the high levels of accuracy of implant positioning 
in rUKA. Batailler et al. found the postoperative 

Fig. 36.3 Ligament balancing

Fig. 36.4 Robotic system as a surgical guide
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limb malalignment outliers ±2° greater in the 
manual group in their matched study with 80 
patients undergoing UKA using the same pros-
thesis [27]. Kleeblad et al. showed that the opti-
mal knee alignment achieved in the robotic group 
was 2% and acceptable in 36% of cases in their 
study of 200 patients with large preoperative 
varus deformities (7°–18°) [28]. MacCallum 
et al. found the base plate positioning was more 
accurate with the robot compared with the con-
ventional (2.6° vs. 3.9°, p  <  0.0001) at the 
expense of the sagittal alignment (4.9° vs. 2.3°, 
p < 0.0001) [16]. Coon et al. compared 44 manu-
ally implanted UKAs to 33 rUKAs and found the 
accuracy of implant positioning was improved by 
a factor of 2.8 in the sagittal plane and an average 
root-mean-square (RMS) error of 3.2° in the cor-
onal plane [29]. Finally, Hansen et al. found the 
robotic group superior to reproduce femoral axis 
(p  =  0.013) but no difference in accuracy of 
placement of component on medial tibial in coro-
nal plane (p  =  0.076), tibial resection depth 
(p = 0.094), or change in joint line (p = 0.902) 
[30]. A completed rUKA is shown in Fig. 36.5.

36.5.2  Recovery and Hospitalization

Quicker recovery and shorter hospitalization 
have been associated with patients undergoing 
rUKA, which may be attributed to the small inci-
sions. Clement et al. showed that length of stay 
was significantly shorter in the rUKA group com-
pared to the mUKA group (median 2 days vs. 
median 4 days, p < 0.001) [9]. Similarly, Sephton 

et al. found that patients treated with rUKA had a 
shorter length of stay when compared to other 
techniques (median 51  h vs. median 72  h, 
p = 0.008). They found that independent predic-
tors of increased length of stay after UKA were 
ASA grade of 3–4 and a history of cardiovascular 
disease [31]. Several additional studies also 
found the feasibility of UKA as a day-case proce-
dure [32, 33], which could be maximized by 
patients with patient-related factors, such as low 
ASA grade. The literature does not provide evi-
dence in comparing the impact of patient-related 
factors to surgeon-specific or hospital-related 
factors in determining or evaluating recovery 
time after rUKA.

36.5.3  Pain Outcomes

The literature has reviewed pain scores for rUKA 
in comparison with mUKA, between age groups 
and between onlay UKA and inlay UKA. Blyth 
et  al. discovered the median pain scores in the 
robotic arm-assisted group were 55.4% lower 
than those in the manual surgery group (p = 0.040) 
from the first postoperative day through to week 8 
postoperatively [34]. Zuiderbaan et al. found that 
patients aged <65 years had greater improvements 
in pain (p = 0.04) at 2.3-year follow-up [35]. Also, 
Gladnick et al. found greater improvement in pain 
score for onlay UKA, which has a metal base 
plate on top of flat tibial cut that is supported by 
cortical bone compared with inlay UKA, which is 
polyethylene-only implants on the tibial surface 
that use the subchondral bone for support (9.2–1.7 
vs. 8.3–4.0) [36]. The improved pain outcomes in 
rUKA may come in the form of better pain con-
trol, enhanced functional rehabilitation, reduced 
need for physiotherapy, and earlier time to hospi-
tal discharge [37].

36.5.4  Functional Outcomes

Several studies reported on the functional out-
come after rUKA in comparison with mUKA. 
van der List et al. reported that medial rUKA had 
better functional outcomes (WOMAC) in patients Fig. 36.5 rUKA implant
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aged <70  years, with BMI  <  30  kg/m2, and 
>30 kg/m2 compared with total knee arthroplasty 
(TKA) [38]. Clement et al. found that patients in 
the rUKA cohort had a significantly greater 
Oxford Knee Score (OKS) at six months 
 compared to the mTKA cohort (difference 7.7, 
p  <  0.001) and EQ-5D (difference 0.148, 
p  =  0.002) for isolated medial compartment 
arthritis [9]. In a meta-analysis of seven articles, 
Gaudiani et  al. found similar improvements in 
clinical outcome measurements between rUKA 
and mUKA (26% vs. 24%, p = 0.6) [39]. Dunbar 
et al. showed patient improvement of ROM from 
a preoperative value of 119 degrees to 126 
degrees of flexion and was maintained at 125 
degrees to 3 years postoperatively [40]. However, 
another meta-analysis comparing patients under-
going rUKA to mUKA revealed no significant 
difference in ROM (p  =  0.85), Visual Analog 
Scale (VAS) Pain (p  =  0.65), American Knee 
Society Score (AKKS) (p = 0.24), and revision 
rate (p = 0.19) [41]. The literature does suggest 
positive functional outcomes for rUKA in com-
parison with mUKA, but studies with more 
patients and longer follow-ups are necessary to 
draw stronger conclusions.

36.5.5  Survivorship

The survivorship of rUKA has been explored in 
recent years and includes studies with longer 
follow-up. Gilmour et al. found that survivorship 
was 100% in the robotic-arm-assisted group and 
96.3% in the manual group in their randomized, 
controlled trial of 139 participants at 2-year fol-
low- up [42]. Conditt et  al. showed a two-year 
revision rate of 1.1% in their study of 890 knees 
with 71% of patients reported feeling “Very 
Satisfied” with their overall knee function [43]. 
Robinson et al. reported the pooled survivorship 
at 6-year follow-up was 96% in their systematic 
review that included 16 articles on rUKA [24]. 
Coon et  al. reported a 98.9% survivorship and 
92% satisfaction in a multicenter study of 854 
patients at 2-year follow-up [44]. Comparative 
studies with longer follow-up are necessary 
regarding the impact of rUKA on survivorship.

36.5.6  Cost-Effectiveness

The cost-effectiveness of rUKA has begun to be 
examined throughout the literature. A cost- 
effectiveness analysis comparing rUKA with 
mUKA revealed that rUKA was more cost- 
effective provided the annual caseload was 
greater than 94. They attributed this to the 
increased implant survival and secondary quality- 
adjusted life-year (QALYs) gained [2]. Clement 
et al. showed the cost-effectiveness of rUKA in 
comparison with both mUKA and mTKA, which 
found the improved functional outcomes to yield 
a cost per QALY of £8604 compared to a cost per 
QALY of £574 for a high-volume center per-
forming 200 rUKAs per year [45]. They also 
found the length of stay and volume of center to 
be important determinants of cost per QALY of 
rUKA. This suggests that the increased costs of 
surgery and revision burden were compensated 
by the cost savings of a 1 day shorter length of 
stay for rUKA compared to mUKA.

36.6  Summary

rUKA has consistently demonstrated improved 
implant positioning, early functional outcomes, 
quicker hospitalization recovery time, and 
lower cost per QALY estimates. It is still to be 
determined whether the positive effects of 
rUKAs translate to an improved long-term sur-
vivorship, but the early results are promising. 
The effectiveness of the procedure can be 
attributed to the greater degree of control by the 
surgeon in terms of soft tissue balance, tibial 
and femoral component alignment size, and 
fixation methods. More studies are necessary to 
correlate the improved surgical technique with 
the clinical manifestations.
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37.1  Introduction

Total knee arthroplasty (TKA) is one of the most 
common and successful orthopedic procedures 
worldwide [1]. It is an effective surgical treatment 
for pain and functional disability due to osteoar-
thritis. Recent trends show that patients undergo 
surgery at a younger age [2, 3]. Furthermore, they 
want to return to their daily activities and work as 
soon as possible, which led to origin of the concept 
of fast-track TKA. The terms “fast track,” “accel-
erated,” or “rapid recovery” surgery are based on 
enhanced recovery after surgery (ERAS) concept, 
which was first given in 1997 by Dr. Henrik Kehlet 
in colorectal surgery, with the target of reducing 
surgical stress and organ dysfunction, thereby 
accelerating postoperative recovery; hence, these 
protocols are nowadays very well implemented in 
most of the orthopedic surgical interventions [4].

Fast-track total knee arthroplasty (FT-TKA) 
was implemented in 2003 by Husted et al. and is 

a well-established concept nowadays, which 
improves the outcome in TKA patients [5]. Early 
mobilization after rapid recovery protocols has 
been shown to reduce both physiological stress 
and emotional stress on the patients [6]. This 
requires multidisciplinary care involving sur-
geons, anesthesiologists, nurses, physiothera-
pists, and nutritionists for early patient mobility, 
early rehabilitation, and reduced length of hospi-
tal stay (LOS), thereby being cost-effective.

Fast track is defined as a hospitalization, 
which provides the best possible evidence-based 
treatment and a hospital stay of maximum of 
3 days, utilizing fewer clinical resources with the 
aim of decreasing perioperative morbidity and 
LOS [7].

The feasibility of performing this FT-TKA 
depends on certain factors namely patient factors 
(age and comorbidities), surgical factors (using less 
invasive approach, bilateral TKA, and revision 
TKA), teamwork, and the hospital environment [8].

However, some of these constraints can be 
reduced by surgical planning, preoperative 
screening for anemia, venous thromboembolism, 
pulmonary embolism, and muscle strength. 
Perioperative risk of developing complications 
can be reduced by maintaining adequate analge-
sia, reducing blood loss, controlling postopera-
tive nausea and vomiting (PONV), and using 
absorbent wound dressings. Postoperative con-
straints that must be addressed include orthostatic 
intolerance, cognitive dysfunction, and ongoing 
treatment of comorbidities [9].
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37.2  Components of Fast-Track 
Protocol

These fast-track protocols can be further divided 
according to the phases in which we interact with 
our patients.

37.2.1  Preoperative Phase

In the preoperative phase, clinical evaluation and 
optimization of co-existing medical problems 
hold great value before any elective surgery. 
Psychological preparation of patient by educat-
ing and informing about the procedure, expecta-
tions, etc., can help to reduce stress. Both 
anesthesia and surgical team must have a preop-
erative interaction with patients to address their 
queries if any.

37.2.1.1  Optimization 
of Comorbidities

Pre-existing disorders such as coronary artery 
disease, hypertension, chronic obstructive pul-
monary disease, and diabetes determine the pos-
sible postoperative complications, which decide 
the LOS. Hence, interacting with patient weeks 
before the scheduled surgery helps to optimize 
these conditions and review ongoing treatment 
and compliance and any associated potential risk. 
A very important factor to be addressed is preop-
erative anemia, which must be corrected with 
iron supplements or erythropoietin as required 
according to the risks associated. Also, alcohol 
and smoking cessation benefits need to be high-
lighted to the patient.

37.2.1.2  Patient Education
Preoperative patient education should include 
details about course of action during the hospital 
stay, pros and cons of procedure, postoperative 
pain management, physiotherapy, and mobiliza-
tion. This considerably reduces anxiety and emo-
tional stress. Also, it helps to establish greater 
patient satisfaction and eliminates their unrealis-
tic expectations.

37.2.1.3  Preoperative Fasting 
and Nutrition

Prolonged fasting periods have been challenged 
in fast-track protocol as it can lead to a catabolic 
state, which can increase the stress response to 
surgery resulting in insulin resistance and hyper-
glycemia, hence prolonging the recovery period. 
As a general protocol, clear liquids can be 
allowed up to 2  h before anesthesia and solid 
intake can be allowed 6 h before surgery. This, 
however, does not hold for patients with morbid 
obesity and poorly controlled diabetes.

Malnutrition is associated with wound infec-
tion, delayed healing, sepsis, and increased risk 
of mortality. Two hours prior to surgery, loading 
with carbohydrates has been shown to decrease 
insulin resistance, hunger, and anxiety [10].

37.2.2  Intraoperative Phase

The aim in the intraoperative phase is to reduce 
anesthesia-related and surgical stress in order to 
attenuate the trauma-induced physiological 
responses leading to a reduction in morbidity and 
mortality.

37.2.2.1  Anesthesia Approach
Neuraxial anesthesia technique has always been 
preferred in fast-track protocols as they provide a 
sympathetic blockade, inhibits stress hormone 
release, and attenuates postoperative insulin 
release. When compared with general anesthesia, 
spinal anesthesia has been associated with short-
ened length of hospital stay, reduction in pulmo-
nary complications, kidney injury, blood 
transfusion, and a 30-day mortality [11].

Local infiltration of anesthetic agents by sur-
geons intraoperatively, in and around the joint, is 
useful in TKA. Ropivacaine is a commonly used 
local anesthetic, mixed with epinephrine and/or 
steroids, and provides postoperative pain relief 
for 6–12 h after TKA.

Maintaining perioperative normothermia and 
preventing intraoperative heat loss have been 
associated with reduced infections, coagulopa-

M. Sharma and B. Dhanjani



519

thy, blood transfusion rate, and cardiovascular 
complications [12]. Hypothermia induces the 
increased release of stress hormones, which can 
be reduced by using a Bair Hugger (warm air 
blanket).

Goal-directed fluid management is important 
as it results in less postoperative infection, organ 
dysfunction, and transfusion requirements [13]. 
Negative fluid balance affects tissue oxygenation, 
thereby interfering with wound healing. Blood 
conservation strategies such as hypotensive 
 anesthesia (reduces chances of ischemic renal 
injury, angina, and stroke), blood salvage tech-
niques (autologous blood transfusion and cell 
saver/salvage techniques), and using tranexamic 
acid (orally, intravenously, or topically into the 
joint space) can reduce blood loss.

37.2.2.2  Surgical Procedure
 (a) Meticulous and minimal access surgery 

reduces soft tissue trauma. Surgical approach 
should be “quadriceps-friendly” with mini-
mal or no violation of the quadriceps mecha-
nism [14, 15]. The far medial subvastus 
approach allows patients to walk early after 
TKA without aids [9]. We prefer performing 
TKA using computer navigation for accurate 
alignment of components (Fig.  37.1a, b). 
Navigation helps perform surgery with 
utmost precision, minimal soft tissue 

releases, and reduced blood loss along with 
early mobilization. A watertight closure of 
the arthrotomy with barbed sutures is recom-
mended [16].

 (b) The duration of the surgical procedure should 
be minimized as short as possible to reduce 
the rate of surgical site infection and other 
associated complications. The risk of infec-
tions is also decreased by avoiding the use of 
wound drains and bladder catheters. 
Tourniquet usage should be avoided or used 
for minimal possible duration at the time of 
cementation.

37.2.3  Postoperative Phase

The postoperative phase is important for main-
taining analgesia and early rehabilitation to 
reduce hospital stay.

37.2.3.1  Multimodal Analgesia
Combining various analgesia techniques is 
important to provide effective postoperative pain 
relief. Epidural analgesia (continuous or patient- 
controlled), peripheral nerve blocks such as 
adductor canal and femoral nerve blocks (single 
injection or continuous), acetaminophen, 
NSAIDs, gabapentin, and ketamine are utilized 
as per the need. The aim of postoperative pain 

a b

Fig. 37.1 Navigation helps in restoring accurate align-
ment and deformity correction. (a) Preoperative versus 
alignment of 13.5 degrees and a fixed flexion deformity of 

11.5 degrees. (b) Final alignment achieved using naviga-
tion, correction achieved to 1 degree versus and full (0 
degree) extension
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management should be directed toward reducing 
the discomfort and eliminating the pain.

37.2.3.2  Prophylaxis Against 
Thromboembolism

Unfractionated and low molecular weight hepa-
rin is commonly used for venous thromboembo-
lism (VTE) prophylaxis as recommended by the 
American College of Chest Physicians (ACCP) 
and the American Academy of Orthopedic 
Surgeons (AAOS). The ACCP recommends 
10–14 days of prophylaxis. The AAOS is more 
focused on pulmonary embolism prevention [12].

37.2.3.3  Early Mobilization 
and Rehabilitation

Early mobilization and supervised physiotherapy 
are vital postoperatively as delay is associated 
with increased risk of thromboembolism, pulmo-
nary complications, and delayed wound healing. 
Early physical therapy with adequate analgesia is 
vital in the postoperative period. A multidisci-
plinary team including nurses, physical and occu-
pational therapists, and caregivers can address 

patient’s physical, social, and psychological 
needs prior to their surgery (Fig. 37.2).

37.3  Protocol at Our Institute

The authors at their institution follow the follow-
ing protocol when conducting fast-track TKA.

37.3.1  Patient Selection

Patients <60 years, with an active lifestyle with 
no or minimal comorbidities, having single joint 
involvement, are emotionally sound, and willing 
for an early rehabilitation, are selected for this 
surgery. Patients must have caretakers at home 
for taking care later on.

37.3.2  Preoperative Considerations

Counseling regarding the pros and cons of proce-
dure along with addressing the queries of patients 

Preoperative
Phase

PATIENT EDUCATION

• Psychological counselling 
• Reduces stress & anxiety
• Addresses expectations

OPTIMISATION OF CO-
MORBIDITIES
• CAD,HTN,Diabetes,COPD
• Correction of Anemia
• Cessation of Smoking & 
  Alcohol

FASTING & NUTRITION
• Avoid Prolonged Fasting
• Malnutrition hinders 
  recovery & increases 
  infection rate

Intraoperative
Phase

ANESTHESIA

• Neuraxial anesthesia preferred
• Adductor canal & Femoral 
  blocks used
• Goal directed fluid management
• Hypotensive Anesthesia

SURGICAL TECHNIQUE

• "Quadriceps Friendly"
• Minimaly invasive
• Computer navigation
• Avoid Drains & catheters
• Minimize tourniquet time

Postoperative
Phase

MULTIMODAL 
ANALGESIA
• Epidural drugs
• Peripheral Nerve 
  Blocks
• ±Gabapentin

PROPHYLAXIS 
AGAINST 

THROMBOEMBOLISM

EARLY 
MOBILIZATION & 
REHABITILATION

Fig. 37.2 Flowchart showing the components of fast-track total knee arthroplasty (FT-TKA)
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and family members is done by the team in the 
preoperative period. Educative videos and pictures 
are shown for better understanding of the whole 
procedure and rehabilitation protocol. This patient-
centered approach helps in building better doctor–
patient rapport and increases patient satisfaction. 
Pre-anesthetic check-up and biochemical investi-
gations are done beforehand on an outpatient basis 
in order to minimize the delay.

37.3.3  Surgical Considerations

Minimally invasive parapatellar surgical 
approach is used. Efforts are made to minimize 
the tourniquet and total surgical time. Computer 
navigation is used, which ensures accurate place-
ment of implants and also reduces the blood loss. 
Wound drains and urinary catheters are avoided 
to decrease the risk of infection.

37.3.4  Postoperative Rehabilitation

Multimodal analgesia is given to minimize the 
discomfort and aids in early mobilization. 
Intravenous antibiotics are given for 48  h fol-
lowed by oral antibiotics for 5 days. Patients are 
mobilized under the supervision of trained phys-
iotherapists on the same day postsurgery. DVT 
prophylaxis is given till 14  days postsurgery. 
Wound inspection is done after 48 h of surgery.

37.3.5  Precautions

Patients are usually discharged on third day post-
surgery with advice of continuing supervised 
physiotherapy, oral analgesics, antibiotics, and 
anticoagulants.

37.4  Discussion

Fast-track total knee arthroplasty (FT-TKA) is a 
multidisciplinary approach to total knee arthro-
plasty aimed at accelerated return to recovery. 
Using a protocol-based approach, patients are 

counseled, optimized, and operated on using a 
meticulous and precision surgery. Early pain-free 
recovery in turn translates into early discharge, 
better function, satisfaction, and 
cost-effectiveness.

Patient and family education reduces anxiety, 
improves postoperative pain tolerance, and 
enhances functional recovery and quality of life 
[17]. Kennedy et al. in their study clearly stated 
that patient and family education should be indi-
vidualized based upon surgeon’s experience [18]. 
Preoperative optimization for anemia and malnu-
trition is important as it increases the risk of post-
operative transfusion and related complications, 
thereby increasing LOS [19, 20].

Postoperative pain relief also plays a crucial 
role in early rehabilitation in TKA patients. Pre- 
emptive analgesia is the best way to control pain 
in the preoperative and postoperative period [21].

The risk of VTE and fatal pulmonary embo-
lism after FT-TKA are similar to the risk of other 
published regimens utilizing extended prophy-
laxis (up to 7 weeks) and hospitalization (up to 
11 days) [19]. Prophylaxis given in hospital alone 
has been found to be safe in fast-track TKA 
patients with LOS of ≤5 days since the patients 
are mobilized early and this reduces chances of 
developing deep vein thrombosis and pulmonary 
embolism [22].

Length of stay (LOS) in accelerated recovery 
protocols has been reduced from 4–12  days to 
1–3 days with no significant increase in postop-
erative complications or readmission rates [23–
25]. Khan et  al retrospectively analyzed 1744 
patients who underwent fast-track TKA and 
reported significantly reduced LOS, reduced re- 
operation rates, readmission rates, transfusion 
rates, and cardiac events when compared to those 
undergoing the traditional TKA [25].

Factors contributing to outcomes after a 
FT-TKA include patient characteristics such as 
age, sex, comorbidities, patient counseling, pre-
operative dependency on walking aids, hemoglo-
bin levels (need for blood transfusions), ASA 
score, time to mobilization, LOS, and patient sat-
isfaction in fast-track TKA [26].

Although a lot of progress has been made in 
fast-tracking patients for TKA, there is a need for 
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understanding and screening specific preopera-
tive and postoperative risk factors to drastically 
reduce complications and LOS. Vigilant medical 
monitoring and supervised personalized physio-
therapy under adequate analgesia enhance the 
recovery of the patient physically and 
emotionally.

Most of the morbidity seen after TKA is 
related to uncontrolled systemic inflammatory 
response, decreased tissue perfusion and oxygen-
ation, reactions to blood volume shifts, thrombo-
genic reactions, and central nervous system 
sensitization. Hence, less invasive surgical tech-
niques and use of navigation certainly reduce 
these physiological changes and reduce 
morbidity.

37.5  Summary

• A successful FT-TKA involves the commit-
ment and collaboration of a multidisciplinary 
team of arthroplasty surgeons, anesthesiolo-
gists, counselors, nurses, nutritionists, and 
physiotherapists.

• Patient, counseling, commitment, and partner-
ship have a crucial role in early rehabilitation 
and improving surgical outcomes.

• Optimization of analgesic regimen starting 
from preemptive analgesia, peripheral nerve 
blocks, local infiltration anesthesia, postoper-
ative multimodal analgesia, and prevention of 
postoperative nausea and vomiting; early 
physiotherapy and functional recovery exer-
cises and follow-up management after dis-
charge play the key role.

• This concept of FT-TKA has led to the devel-
opment of the concept of “Day Care” total and 
partial knee replacement surgeries, which are 
being introduced across the globe.
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38.1  Introduction

Total knee replacement (TKR) is a well- 
documented method of treatment in the manage-
ment of osteoarthritis of the knee for any reason. 
It is considered to be a success when measured 
against pain relief but may not always be the case 
when measured against functional achievement 
[1, 2]. The indications and contraindications are 
well described and understood.

Long-term results following knee replacement 
surgery have improved significantly with the 
improvement of surgical skills and the materials 
used in the manufacture of the implant and the 
process of sterilization. The outcomes following 
total knee replacement surgery have improved, 
and we understand the mechanisms and other 
modalities better. Kurtz et  al. predicted that the 
number of primary TKR across the world will be 
approx. three million by 2020 [3]. While that 
number is staggering, it is equally concerning to 
note there are a number of patients who are 
unhappy with the outcome of their TKR as 
reported by Bourne, Baker, and Brenkel [4–6].

Revision was considered to be the failure 
point for a very long time. If we looked at the 
meaning of failure, then it implies the inability to 
achieve the desired outcome, and hence, the 
meaning and understanding of failure are very 
variable.

The mechanisms of failure can be classified 
into early when in the first 2 years following sur-
gery or late when after. They can also be classi-
fied based on the surgery, the surgical technique, 
the implants, and the patient-related factors.

In 1982, Rand et al. [7] and later Cameron and 
Hunter [8], Moreland [9], and Sharkey et al. [10] 
independently reported their experience with 
failure and revision surgery related to TKR. The 
most common indications for revision surgery 
were infection, loosening, instability, and patel-
lafemoral joint pain. In 2001, Fehring et al. [11] 
reported the commonest cause of revision to be 
infection. Instability was still high, but the risk of 
loosening due to poly wear and osteolysis was 
lower and the smallest group contained problems 
like arthrofibrosis, malalignment, or peripros-
thetic fractures. Sharkey in 2002 classified fail-
ures into early within 2  years and late beyond 
2  years. The early causes of failure included 
infection, instability, arthrofibrosis, and loosen-
ing. The late causes included polyethylene wear, 
component loosening, and instability [12]. 
Mulhall in 2006, using a classification similar to 
Sharkey, suggested that the majority of the fail-
ures were beyond 2 years and were mechanical in 
nature. Early revisions still remained related to 
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infection. Late revisions were related to instabil-
ity, poly wear, and component loosening [13].

The use of joint registries today gives us the 
best idea of the causes of failure of TKR.  The 
registries from Australia [14], New Zealand [15], 
Scandinavia [16], and the UK [17] provide a 
detailed analysis of the causes of failure of 
TKR. The latest figures from the various studies 
are in Table 38.1.

38.2  Mechanisms of Failure 
in Total Knee Arthroplasty

38.2.1  Infection

Infection remains the commonest cause of fail-
ure in the early category of total knee replace-
ment. Infection as a cause of failure was only 
0.2% as reported by Rand et al. in 1982 [7]. In 
2001, it was reported to be 38% by Fehring et al. 
Infection has continued to be the main cause of 
early failure in several papers published since 
and is also reflected in the report for the joint 
registries [11].

The definition of prosthetic joint infection has 
been very well described by Parvizi et  al. [18] 
(Fig. 38.1). It is very well recognized that infec-
tion prevention can be minimized by ensuring 
that appropriate measures are taken while carry-
ing out the surgical procedure. Appropriate pre-
operative assessment forms a huge part in 
minimizing the risk of infection. This includes 

assessing the nutritional and general health of the 
patient and ensuring that the local conditions at 
the site of the operation are optimal for the proce-
dure to be carried out. The role of the surgical 
time, timing of the antibiotics, minimal traffic in 
the operating room, sterile technique, and man-
aging the operating room environment are very 
important.

38.2.2  Aseptic Loosening

Aseptic loosening (Fig. 38.2) remains one of the 
common causes of failure of TKR, particularly in 
the late stages. In the early reports, it was noted to 
be very common and more frequent than infec-
tion. The improvement of polyethylene manufac-
ture has led to the decrease in modes of failure 
related to poly wear and subsequent osteolysis 
[19]. Surgical technique has a big role to play in 
determining how soon the implant becomes 
loose. The technique involves the role of balanc-
ing of the soft tissues, the sizing of the compo-
nent, and the cementation itself. It often leads to 
the question being asked as to whether the 
implant was fixed properly in the first place. 
Hossain et  al. [19] and Schroer et  al. [20] in a 
multicenter analysis showed aseptic loosening to 
be the cause of failure in 31.2% of cases. Although 
it is expected that the rate should go down signifi-
cantly with the improvement of polyethylene, it 
still remains a cause of failure ranging from 29 to 
40% across the various joint registries. The rate 

Table 38.1 Enumeration of the mechanisms of failure of TKA reported incidence in the literature

References Loosening Infection Instability Malalignment Poly/lysis Other
Rand et al. [7] 34.9 0.2 16.7 14.8 – 5
Moreland et al. [9] MC 2nd MC
Fehring et al. [11] 3% 38 26 5 7 5
Sharkey et al. [10] 17/34 25/7.8 21/22 12/44 12/44
Mulhall et al. [13] 41 25/7 29 9 6/25
Hossain et al. [19] 3/12 12/12 4/3 4/3 1/12
Schroer et al. and Lombardi  
et al. [20, 21]

19/31 23/16 25/19 8/7 1/10 2/1

Sharkey et al. [12] 22/40 38/28 12/8 3/2 2/4
Kasahara et al. [24] 40 24 9 9 18
Koh et al. [25] 33 38 7 1 15 8
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of poly as cause of failure has decreased as 
reported by Sharkey et al. [12].

38.2.3  Instability

Instability remains as one of the more common 
causes of revision of TKR after infection both in 
the early and late stages of failure after TKR 
(Fig. 38.3). The cause of the instability is related 

a b

Fig. 38.1 (a, b) Infection presenting as redness, discharging sinus, and eschar

Fig. 38.2 Aseptic loosening of the tibial component 
leading to a varus collapse

Fig. 38.3 Instability arising from an incompetent MCL
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to the surgical technique and often the failure of 
the operative surgeon to appreciate the preopera-
tive and intraoperative issues. Lombardi reported 
this to be a leading cause of revision before 
2  years [21]. The review of the joint registries 
continues to support that view. Several factors 
lead to the issue of instability. However, the 
majority of the times it is a combination of fac-
tors that relates to the problem. It is important to 
understand these as failure to do so makes it 
 difficult to correct the problem and improve the 
situation.

Factors that lead and contribute to the overall 
instability include malalignment and an unbal-
anced knee, two important factors that give rise 
to instability in the early stages. This along with 
functional or anatomical deficiency of ligaments, 
especially the PCL and MCL, contributes to feel-
ing of instability. In the later stages, subsidence 
of the components due to any cause along with 
loss of bony support due to loosening or bone 
loss gives rise to instability.

While it is often easy to demonstrate the insta-
bility, subtle midflexion instability related to flex-
ion and extension mismatch, due to PCL 
deficiency in CR knees, can only be understood 
by listening to the patients carefully.

38.2.4  Arthrofibrosis

Arthrofibrosis remains a devastating cause of 
failure of TKR. It presents with the failure for the 
patient to progress despite the most intense phys-
iotherapy and rehabilitation regimes. Present in 
3–6% of cases, it is extremely devastating for the 
patient, especially if not consented properly 
preoperatively.

Multiple factors related to the patient, sur-
geon, and the surgery are responsible and con-
tribute toward the development of this condition. 
The role of the preoperative stage of the knee in 
the post-op result has been well described by 
Kim et al. [22]. Restoration of the posterior con-
dylar offset (PCO) by Bellemans et al. is equally 
well described [23]. Surgical issues include poor 
balancing and inappropriate sizing; in particular, 
oversized components contribute toward the 

knee being stiff and difficult to mobilize. CR 
knees in particular are affected by poor balanc-
ing, and this should be recognized and dealt with 
intraoperatively.

Systemic factors contributing to arthrofibrosis 
include diabetes, rheumatoid arthritis, previous 
extensive surgical procedures and subsequent 
scarring. Malunited fractures of conservatively 
treated femoral shaft fractures often present with 
preoperative stiffness of the joint which tends not 
to improve with joint replacement. In such cases, 
care should be taken during the preoperative and 
intraoperative assessment.

38.2.5  Polyethylene Wear

Polyethylene wear has been a cause for revision 
of TKR from the time causes for revision was 
listed by Rand et al. [7]. This has ranged from 2 
to 21% of the cases as reported by Schroer [20], 
Kasahara [24], and Koh [25]. The last decade has 
seen a significant change in polyethylene with 
changes in the manufacturing, sterilization, and 
storage process. The addition of antioxidants and 
radiation has increased the cross-linking of the 
polyethylene resulting in lower wear rate. While 
the outcome of the modern polyethylene has been 
well described in hip replacement surgery, that 
related to TKR is not as well documented pres-

Fig. 38.4 Retrieved polyethylene showing extensive 
wear
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ently. It is, however, expected that the newer poly-
ethylene will demonstrate a significantly lower 
wear and potentially increasing the life span of 
the TKR between 20 and 30 years (Fig. 38.4).

38.2.6  Malalignment

Malalignment of components constitutes up to 
2–8% and is one of the top five [NJR 2020 17th 
Report] causes of failure of TKR.  Inability to 
appreciate the normal alignment of the patient 
and inadequate or excessive balancing of soft tis-
sues along with malaligned bony cuts are respon-
sible. While a malaligned THR fails sooner as the 
hip dislocates, a TKR often survives longer 
before it fails. The use of navigation to perform 
TKR surgery was expected to reduce the risks 
and improve survivorship, and this has not been 
comprehensively demonstrated. Navigation is 
still widely used, but the results still remain very 
user-dependent (Fig. 38.5).

38.2.7  Periprosthetic Fractures

Periprosthetic fractures are an increasing chal-
lenge and issue faced by trauma and the arthro-
plasty surgeons. The increasing numbers of 
arthroplasty being done have undoubtedly got a 
role in the increasing numbers of periprosthetic 
fractures. While the majority of these result due 
to low-velocity trauma, other causes have also 
been identified. Predisposing factors including 
patient-related and surgery and implant-related 
factors have been well described.

In terms of TKR, a periprosthetic fracture is 
defined as one occurring within 15 cm of the joint 
surface or 5 cm from the stem (Yoo et al. [26]). 
The reported incidence varies from 0.3 to 2.5%. 
Periprosthetic fractures are more common around 
the femoral component, but they are equally 
commonly seen around the tibial and patellar 
component. Several classification systems are 
available and useful. The latest classification of a 
unified system by Duncan et al. addresses that all 
arthroplasty is interesting and useful for general 
consideration [27]. Investigations including plain 

Fig. 38.5 X-ray showing a malaligned knee

Fig. 38.6 X-ray showing a peri prosthetic supracondylar 
fracture
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X-rays and CT scan are extremely valuable in the 
management of these conditions. The knowledge 
of the implant used helps in a huge way in plan-
ning out what should be done (Fig. 38.6).

38.3  Diagnosis and Evaluation 
(Table 38.2)

History
Similar to all branches in medicine, the history 
given and obtained from the patient leads to the 
differential diagnosis as to what are the potential 
causes of complaints with the TKR.

It is vital to elicit the situation of the knee 
after the index procedure itself. This includes 
issues related to immediately after the surgery, 
the postoperative rehabilitation phase, issues 
with swelling, and stiffness of the use of aggres-
sive rehabilitation measures like the CPM 
machine.

Pain
The location, timing, relation to activity of the 
pain helps determine the various causes of failure 
of TKR.  The most important answer to have 
about pain is whether it was lost in its entirety 
after the index procedure. If it was not lost, and in 
the absence of any obvious reasons, other reasons 
need to be explored.

One of the common causes for this is a stiff 
OA hip, other spinal conditions, or occasionally 
issues related to pain tolerance.

Swelling
Persistent swelling is a cause of concern both to 
the patient and to the surgeon. It is often related 
to the generalized soft tissue irritation with no 

obvious cause but does need looking into. The 
appearance of the swelling and location of it 
often give us an idea as to whether it is related to 
the implant itself or related to a more general 
cause.

Stiffness and Mobility
The delayed onset of stiffness of the joint is often 
a result of an internal derangement of the TKR or 
early signs of failure. Knowledge of the post-op 
range of movement achieved by the patient at the 
end of the first 6 months to a year post-op is a 
good guide if there is complaint of stiffness. The 
6 weeks and 3-month range of motion is not as 
good a guide for subsequent assessment of a stiff 
knee.

Examination findings
The role of physical examination of the knee can-
not be underestimated.

The basic orthopedic method of examination 
of look, feel, move, and special tests should be 
followed.

The site of pain, swelling, and assessment of 
the active and passive range of movements help 
provide a good working diagnosis. The assess-
ment of stability in the anteroposterior (AP) and 
mediolateral (ML) planes is important. The ML 
assessment should be done in full extension along 
with varying degrees of flexion.

The examination is complete with assessment 
of the hips, spine, and the distal neurovascular 
status.

38.4  Investigations

38.4.1  Plain Radiographs

The basis of all imaging investigations in a failed 
TKR. The comparison should be made with all 
available images including the immediate pre-op 
and post-op.

The presence of radiolucent lines and sugges-
tion of subsidence or movement on an X-ray are 
of concern to a clinician. Radiolucent lines are of 
no significance unless demonstrated to be pro-

Table 38.2 Evaluation of failure

History
Pain
Swelling
Stiffness
Mobility
Examination findings
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gressive. Radiolucent lines, movement, or sub-
sidence is best appreciated on review of previous 
X-rays.

It is accepted that all images may not be of the 
same magnification and exposure. Digital images 
give us the ability to try and match exposure to 
appreciate changes better.

38.4.2  CT Scan

This is not always necessary. In the presence of a 
periprosthetic fracture and where a lot of lysis is 
seen, there is a role for the scan to define the 
extent of involvement and destruction. The CT 
scan helps appreciate the bone stock, particularly 
where there is a lot of lysis and the extent of 
involvement in case of periprosthetic fractures. It 
does help in the planning of the management of 
these conditions.

The element of scatter and disturbance 
because of pre-existing metal needs to be 
appreciated.

38.4.3  MRI Scan

MRI is the imaging modality of choice for most 
MSK conditions. There has been huge increase in 
the number of arthroplasties and the need for 
revision. The common causes for revision include 
osteolysis, loosening, and infection. Metal arti-
fact reduction sequence (MARS) MRI scan cor-
rects for the metal artifact providing 
high-resolution images with bone and soft tissue 
contrast [28].

The pictures seen in the various situations 
have been very well described by Pilania K et al. 
in 2019 and Fritz et al. in 2015 [29, 30].

This helps in early diagnosis of conditions 
before the features become more obvious on 
plain images.

38.4.4  Bone Scan

Nuclear medicine imaging has been a helpful 
imaging modality for a long period of time. It has 

been useful in helping frame a painful 
TKR. However, the specificity in differentiating 
infection from aseptic loosening is low. The scan 
may remain positive for at least 2 years after the 
index surgery limiting its sensitivity. 99mTC- 
MDP is the widely performed imaging. The 
uptake is dependent on the blood flow and the 
rate of new bone formation. There are several 
conditions like fracture, infection, arthritis, 
remodeling, neoplasm, and loosening that result 
in increased bone turnover, and hence, this scan 
will be positive and not necessarily be specific.

The hot patella situation though is helpful in 
knees with anterior knee pain. This may suggest 
that resurfacing in these cases will be helpful. 
Ga67 and leukocyte-labeled bone scans are more 
helpful in differentiating infection. As these are 
taken up by the leukocytes, the presence of an 
increased amount of leukocytes in infection and 
inflammation makes these scans more sensitive 
(Niccolli et al. [31]).

38.4.5  SPECT Scan

Bone single-photon emission computed tomog-
raphy (SPECT) is considered as beneficial in 
unhappy patients with pain, stiffness, or swelling 
after total knee arthroplasty (TKA) [32, 33]. It 
has excellent sensitivity and specificity in the 
diagnosis of some of the common problems of 
failure of TKR in the early periods. This is when 
the changes are not seen on a plain image. The 
use is probably restricted to costs and availability 
but will become a more regular part of the inves-
tigation algorithm soon. The role of the SPECT 
scan has also been very well described in the role 
of infection management. SPECT/CT should be 
part of the routine diagnostic algorithm for 
patients with pain after TKA.

38.5  Summary

Total knee replacement remains a well- 
recognized and established procedure in the 
management of an arthritic knee. Unfortunately, 
knee replacements do fail. The failure can be 
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due to a variety of mechanisms—some occur-
ring more frequently in the short term, while 
others commoner in the longer term. A detailed 
history and examination remain the basis to 
come to the differential diagnosis and subse-
quently the diagnosis of the cause of the failure. 
The role of the investigations cannot be under-
estimated. The interpretation of these results 
needs to be understood and correlated to the 
symptoms, the signs, and the clinical examina-
tion. Once the cause of the failure is understood, 
the clinician will be able to plan surgery, espe-
cially from the technical and equipment aspect. 
It will then be possible to impress upon the 
patient the revision procedure and consent the 
patient appropriately.
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39.1  Introduction

The number of revision total knee arthroplasty is 
going up due to increasing indications of total 
knee arthroplasty and improved longevity. 
Postoperative infection also remains a major 
cause for revision. There are other causes for fail-
ure of a total knee arthroplasty like malalign-
ment, instability, and aseptic loosening, which 
may also necessitate a revision surgery [1–6]. 
Regardless of the cause of failure, a safe surgical 
approach and proper management of the soft tis-
sue envelope are essential.

Surgical approach that has least possibility of 
complications is the key to the success. Revision 
TKA requires good exposure to remove the old 
implanted prosthesis, to maintain and preserve 
the extensor mechanism, soft tissue integrity, and 
bone stock, and to implant a new prosthesis. 
Inadequate exposure leads to various complica-
tions like damage to extensor mechanism, collat-
eral ligaments, bony avulsions, malposition of 
components, and sizing errors [7–13].

Numerous surgical approaches have been pro-
posed, out of which a medial parapatellar arthrot-
omy with synovectomy is the preferred approach. 
If further exposure is needed, a snip through the 
quadriceps tendon often works well [9]. It is sim-

ple to perform and does not alter the postopera-
tive rehabilitation. In cases of stiff/ankylosed 
knee, where additional exposure is needed, or 
when it is difficult to remove the cemented com-
ponents, a tibial tubercle osteotomy (TTO) may 
be used [10–12]. V-Y patellar turndown or quad-
riceps plasty is another such technique, which is 
rarely indicated due to risk of postoperative 
extensor lag and is usually reserved for cases 
where TTO is not possible [12–14]. The femoral 
peel [15, 16], banana peel [16, 17], and the Engh 
medial epicondylectomy are other techniques of 
exposure in difficult knees [18].

Surgical approach to knee is important because 
knee is a superficial joint, and it is separated from 
the exterior only by the quadriceps mechanism 
and the cutaneous sleeve. Improperly placed inci-
sion and over retraction can hamper the vascular-
ity of the skin and can lead to skin necrosis, thereby 
compromising the results of the surgery. This 
becomes further complicated if more than one 
incisions have been used previously (Fig.  39.1a, 
b). The approach should be according to the need 
of surgery and should vary accordingly.

39.2  Surgical Exposure

A number of surgical approaches can be used to 
access the knee joint. Capsular incision can be 
medial or lateral to the patella as the need be. 
Surgeon has to be careful about: patellar tendon 
rupture, quadriceps tendon rupture, per-operative 
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fracture, and skin necrosis. It is not unusual to 
find multiple incisions over knee while perform-
ing revision TKA.

It is very important to understand the anatomy 
and blood supply of anterior aspect of knee. In 
case there are multiple prior incisions, lateral side 
incision should be used to avoid further skin 
complications as the blood supply of anterior 
aspect of the knee is from medial to lateral [14]. 
Full thickness large flaps should be raised safely, 
and the dissection should occur in the subfascial 
plane only (Fig. 39.2a, b).

39.3  Vascular Supply of Anterior 
Part of Knee [19–22]

Superficial Vascular supply:

• Lies in the superficial fascia. Because of this 
reason, subcutaneous dissection and under-
mining of skin should be avoided.

Deep Vascular supply:

• The network is formed on the medial and lat-
eral sides.

• Medially by (i) the descending genicular, (ii) 
the superior medial genicular, and (iii) the 
inferior medial genicular arteries.

• Laterally by (i) the descending branch of lat-
eral circumflex femoral artery, (ii) the superior 
lateral genicular, (iii) the inferior lateral genic-
ular, (iv) the anterior tibial recurrent, (v) the 
posterior tibial recurrent, and (vi) the circum-
flex fibular arteries.

• The medial and lateral arteries form longitudi-
nal anastomoses on each side of the patella, 
which are interconnected to form transverse 
anastomoses above and below the patella and 
above the tibial tuberosity.

In case of high tibial osteotomy where there is 
a transverse incision, it should be transected at a 
perpendicular angle [21, 22]. An angle of <60° to 

a b

Fig. 39.1 (a and b) Multiple and improper skin incisions because of previous surgeries

a b

Fig. 39.2 (a) Undermining skin should be avoided and (b) full thickness flap being lifted
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a prior incision should be avoided to prevent skin 
complications. There should be a bridge of skin 
of at least 6–8 cm to avoid necrosis [22].

There is higher risk of avascular necrosis of 
patella because of the damage of blood supply 
from three sides during primary TKA [22]. This 
includes the medial vessels, superior and inferior 
lateral geniculars, and recurrent anterior tibial 
artery. The degree of range of motion both active 
and passive, any fixed flexion deformity prior to 
revision TKA, is an important determinant of 
exposure technique. Extensile methods of expo-
sure are only needed if we are dealing with a stiff 
knee having restricted movements of less than 
60–70°. The patellar inversion technique can be 
routinely used (Fig.  39.3a, b). In a stiff knee, 
quadriceps snip is used to safely expose the knee. 
In the follow-up, the knee must be checked for 
any extensor lag and also for location and move-
ment of patella.

Important to note is that the blood supply of 
the anterior knee is predominantly from the 
medial side; hence, if multiple previous incisions 
are present, the most lateral incision should be 
used. Earlier transverse incisions can generally 
be ignored. Dissection should be deep, and a 
thick flap should be raised.

Blood supply to patella remains in plexus 
around the patella and partly in the fat behind the 
ligamentum patellae. Hence, at least one-third of 
the fat should be preserved in primary TKA to 
maintain the vascularity of the patella and the 

patellar tendon [21, 22]. Same approach is pre-
ferred in revision TKA as well [23].

Any history of injury to ligamentum patellae 
in previous surgery should be noted. Careful 
examination of the X-ray may show presence of 
anchor sutures, which must be noted, and quadri-
ceps snip must be planned right from the begin-
ning. Excessive fibrous tissues at the attachment 
of tendon and tissues having tendency to peel off 
should alert the surgeon, and an extensile 
approach should be planned.

A temporary pin may be used at tibial attach-
ment to prevent avulsion of ligamentum 
patellae.

Radiographs are useful in assessment of bone 
loss or presence of any bony block, which causes 
restriction in flexion. Anteroposterior view can 
show any capsular ossification, new bone forma-
tion, or subsidence of a component, while lateral 
view can show posterior osteophytes, new bone 
formation, and location of patella. Full-length 
standing radiographs are useful in assessment of 
alignment, quality of fixation, and extent of fem-
oral or tibial stem.

The medical history of various comorbidities 
like diabetes, rheumatoid arthritis, psoriasis, 
renal failure, AIDS, use of corticosteroids, and 
methotrexate may affect the outcome of revision 
TKA. Details of any previous surgery over knee 
and any complication related to wound healing or 
stiffness should also be noted.

a b

Fig. 39.3 (a and b): Medial capsular arthrotomy. Avoid eversion of patella. Inversion of patella is preferred
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39.4  Exposures for Easy Revision

The preferred approach for exposure is medial 
parapatellar with adequate synovectomy. In revi-
sion cases, midvastus, and subvastus approaches 
should be avoided because of limited and compro-
mised exposure of the knee. The capsular incision 
should be performed with the knee in flexion and 
extended both proximally and distally.

If after the incision, exposure is limited and 
there is risk of patellar tendon avulsion, extensile 
approach must be considered as mentioned below 
in the section of exposures for difficult revision.

39.4.1  Medial Parapatellar Approach

Medial parapatellar approach is the most widely 
used approach [24, 25]. This approach offers 
excellent exposure with best potential to heal 
even in challenging cases. It is familiar to most 
orthopedic surgeons. Only disadvantage remains 
the indirect approach for lateral retinacular 
release, which may jeopardize patellar circula-
tion if extensive lateral release is performed.

Important anatomical parameters to be con-
sidered are that the skin flap should be thick, in 
single layer up to the deep fascia—to avoid de- 

vascularization. Please remember that vascularity 
to the superficial flap of skin runs between super-
ficial and deep fascia originating from medial 
genicular artery. Therefore, no dissection should 
be done between superficial and deep fascia; oth-
erwise, the risk of flap necrosis is significant.

Incision should be given and sutured back in 
flexed position, if possible. Minimum length of 
incision should be used, adhering to the empirical 
concept that the incision will be extended when 
its ends are under tension; i.e., when ends of inci-
sion take the U shape (sign of tissue tension), 
incision must be extended (Fig. 39.4a, b). Avoid 
cutting the skin overlying the bony prominences 
as here tissues are thin with greater strain.

Standard medial arthrotomy should be per-
formed. Incision should strictly be within the ten-
don with no damage to vastus medialis, which is 
a very sensitive muscle to undergo postoperative 
atrophy, even if damaged even partially. Incision 
in medial capsule should remain approximately 
half centimeter medial to the medial border of 
patella. Fibrous adhesions must be removed 
using blunt or sharp dissection as the need be. 
Care must be taken to avoid damage to medial 
collateral ligament, which is best protected under 
medial meniscus. In an obese patient, the identi-
fication of tibial tubercle is difficult, but it is 

a b

Fig. 39.4 (a, b): Edge of the incision should always be in “V” shape. If it takes shape of “U” because of stretching, 
incision should be extended
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important to prevent any damage to the tendon 
inadvertently. Eversion of patella should be 
avoided to protect the tendon and also to mini-
mize the postoperative pain.

39.4.2  Lateral Parapatellar

Lateral parapatellar approach is useful for a fixed 
valgus deformity, where a lateral plate from distal 
femur is to be removed, or having multiple lateral 
incisions from previous surgeries. In this approach, 
blood supply of patella is preserved and lateral reti-
nacular release is easier, but patient may lose more 
blood. One must remember that medial eversion of 
patella is comparatively more difficult to achieve. 
This approach can be used with the tibial tubercle 
osteotomy successfully [9, 14].

39.4.3  Tissue Sparing Arthrotomy

Tissue sparing arthrotomy includes subvastus, 
midvastus, and trivector: propose to avoid viola-
tion of the extensor mechanism with reduction in 
the surgical incision and less soft tissue damage. 
It may have better outcome, in esthetic and surgi-
cal terms as well as in terms of pain and func-
tional recovery in primary TKA, but in my 
opinion, they have no role in revision TKA.

39.5  Deep Dissection

After capsular incision, remove carefully all the 
fibrous adhesions from suprapatellar pouch, 
medial and lateral gutters. The quadriceps expan-

sion, including both the vastus medialis and 
 lateralis, should be freed completely from under-
lying femur using blunt dissection or a curved 
scissors. A subperiosteal dissection of the medial 
retinaculum and deep medial collateral ligament 
to the semimembranosus insertion is completed 
with external rotation of the tibia to release 
medial tight structures causing varus deformity. 
The release should be sequential, and an over-
release should always be avoided, else it will 
result in medial laxity in flexion.

A lateral retinacular release is important if 
patella is not tracking well and tilting laterally. If 
pre-op skyline view is showing laterally tilted 
patella, lateral release becomes very important. 
Lateral release can be started from outside or 
inside. The author prefers inside out release of 
lateral retinaculum approximately 3 cm lateral to 
patella. Care should be taken that the superior lat-
eral genicular artery is preserved and not to have 
a communication with joint while releasing out-
side in.

The distal extensor mechanism should be free 
from fibrous tissue and mobilized carefully. If 
there is any scar, it should be released gently and 
excised. Removal of previously implanted pros-
thesis is done gradually, using the skin flaps as 
mobile window to minimize tissue tension. 
Unnecessary stretch of soft tissues is avoided, 
and tissues are pulled in one direction at a time 
and not overstretched by traction on both the lat-
eral and medial sides simultaneously (Fig. 39.5a–
c). After removal of the components, a posterior 
synovectomy is performed, which further 
enhances exposure by freeing the tibia from the 
femur. In a fixed flexion deformity, a thorough 
posterior release is important to gain desired 

a cb

Fig. 39.5 (a–c): Quadriceps snip. Easy access for extraction of implants using mobile window
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extension gap. In a series of 126 consecutive revi-
sion TKAs, Della Valle et  al found that this 
approach allowed adequate exposure in 92% of 
patients [8].

39.6  Exposures for Difficult 
Revisions

In an ankylosed knee, i.e., a knee with less than 
50° of range of motion, a proper preoperative 
planning is required. The surgeon must make a 
note of whether the ankylosis is in flexion or 
extension. Infection must be ruled out in all revi-
sion cases. One must always send 5–6 samples 
from the joint including the wash from removed 
implants for culture and sensitivity. Extended 
culture for up to 2 weeks is important.

Ankylosed/stiff knee has severely contracted 
peri-articular tissues. Adhesions in medial and 
lateral gutters will be encountered and should be 
released. Soft tissue release alone is not sufficient 
to expose the joint. There always is a risk of 
patellar tendon avulsion and per-operative frac-
ture. There is prolonged shortening of anterior/
posterior structures with osteoporosis of bones.

Before proceeding for revision TKA, a careful 
evaluation of knee must be done. Various points 
of consideration include prior skin incisions, 
degree of range of movement, prior surgical com-
plications, presence of osteolysis/bone loss, or 
any associated comorbidity. Joint line is identi-
fied with transepicondylar axis (TEA) and patel-
lar position.

Our exposure options for difficult revision 
include the following: quadriceps snip, tibial 
tubercle osteotomy (TTO), and banana peel. 
Technical errors should be checked for patellar 
tendon injury, skin necrosis, per-op fracture, and 
component malposition.

39.6.1  Quadriceps Snip

Medial parapatellar approach is occasionally 
inadequate in a revision or complex scenario. In 
these cases, the most commonly used maneuver 
is a quadriceps snip. It releases the tension on 

quadriceps mechanism and protects the extensor 
mechanism. It has advantage of its technical ease, 
and also, there is no need for modification in 
rehabilitation protocol. This approach was 
described by John Insall as “rectus snip.” Insall 
used modified quadriceps turn down from 1983 
to 1988 for many revision cases. Insall noticed at 
this time that transaction of proximal portion of 
the quadriceps made exposure easy and without 
any post-op complication [14, 15].

Presently quadriceps snip is the most com-
monly used technique in revision cases. A stan-
dard medial parapatellar incision is extended at 
45° proximally and laterally within the quadri-
ceps tendon (Fig.  39.5a–c). In very stiff joints, 
the incision may be extended up to the vastus 
lateralis as per the requirement (Fig. 39.6a–c). In 
this approach, superior lateral genicular artery 
remains safe.

In a stiff knee where the exposure is not ade-
quate in spite of quadriceps snip, a tibial tubercle 
osteotomy (author’s preferred method) 
(Figs.  39.7, 39.8, and 39.9) or banana peel can 
still be performed in addition (Figs.  39.10 and 
39.11). Quadriceps snip is safe and easy to per-
form and does not result in loss of significant 
quadriceps strength, although recovery may take 
additional time.

39.6.2  Tibial Tubercle Osteotomy 
(TTO)

This technique was described by Dolin in 1983 
[10]. In the original described technique, the size 
of the fragment was 4.5 cm, and it was fixed with 
a screw. In the series by Dolin, a 23% complica-
tion rate was described, which included non- 
union in 11% and tendon rupture in 4%. Revision 
knee surgery carries the increased risk of damage 
to the quadriceps tendon above the patella. 
Repeat exposures can seriously compromise 
quadriceps function. This is attributed to scarring 
and fibrosis. It is confirmed with bio-mechanical 
studies that tensile forces are higher in  quadriceps 
tendon than in patellar tendon. That is why first 
preference must be proximal release, not the 
release of the patellar tendon. Tibial tubercle 
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osteotomy was popularized by Whiteside [11, 
12] offering more extensive exposure to the knee 
with severe quadriceps contracture using a tibial 
tubercle osteotomy with 8–10-cm fragment, 
which was fixed with wires. Extension stem was 
used.

The preferred method of fixation as per 
Whiteside is with two or three cerclage wires. 
Whiteside reported his results with 136 osteoto-
mies [12]. The mean postoperative range achieved 
in their series was 93.7°. Whiteside reported 
avulsion fractures, but it did not compromise 

function. Occasional skin penetration with the 
wires was reported. TTO is not indicated in 
osteoporotic cases and large tibial defects.

Our technique After a standard medial parapa-
tellar arthrotomy if exposure is difficult even after 
a quadriceps snip, a tubercle osteotomy is done. It 
is author’s preferred method. Osteotomy can be 
started with oscillating saw using a very thin blade 
and completed with two or three osteotomes. In a 
medial approach, the osteotomy is done medial to 
lateral and in a lateral approach the reverse. Where 

ba

c

Fig. 39.6 (a) Stiff knee for revision TKR stage II. (b) Exposure for stiff knee using quads snip. (c) Exposure for a stiff 
knee after synovectomy, quads snip, and capsular release

a cb d

Fig. 39.7 (a–d): Tibial tubercle osteotomy to expose a stiff knee
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it is not needed to shift the osteotomized fragment 
proximally to gain length, a proximal bone shell 
above the tubercle should be kept intact for stabil-
ity. The width of the segment should be kept mini-
mum 2 cm and length approximately 7.5 cm. To 
prevent breakage, the fragment should be about 
1.5 cm thick. The attachments of the muscles and 
periosteum of opposite side must remain intact for 
stability and healing. Fixation of the fragment can 
be done with screws or using steel wires. Usually, 
2 screws of 3.5 mm/40 mm long are good to stabi-
lize the fragment strongly in most cases. Post-op 
range of motion can be started the next day. 
Support of a knee immobilizer is needed for walk-
ing for a period of 3 weeks (Figs. 39.7, 39.8, and 
39.9).

Advantages

• Excellent exposure,
• Bone to bone healing is always good.

• Avoids quadriceps weakness.

Contraindications of TTO

• Severe osteoporosis.
• Damage to patellar tendon in previous 

surgeries.

Possible complications post-TTO:

• Loss of reduction.
• Non-union.
• Fracture of the tibia.
• Wound-healing problems.

Immobilize and limit weight-bearing postop-
eratively if fixation is not reliable.

It is technically demanding, carries a high risk 
of complications, and should be reserved for 
selected cases in experienced hands.

a b c

d e f

g h i j k

Fig. 39.8 (a–k) Stiff knee exposed with tibial tubercle osteotomy. Follow-up of 7 years
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39.6.3  Banana Peel

This technique was described by Lahav et al. A 
meticulous sharp dissection is done on the ante-
rior tibia and medial to patellar tendon—this is 
the site of origin of the peel. The periosteal 
sleeve along with the patellar tendon is peeled of 
the tibia as a single continuous layer. This is the 
most critical step as a meticulous release of the 
single sleeve with the attachment of patellar ten-
don maintains the extensor mechanism as a unit 
[16, 17].

Lahav et al. have reported their observations 
on 102 patients, at a mean follow-up of 39 months 
(range 24–56 months) and a mean knee society 
score of 176 (range 95–200). No extension loss 
or extensor mechanism disruption was reported 
in their series [17].

Our technique In a stiff knee after the expo-
sure of knee through medial parapatellar 
arthrotomy, release of adhesions of quadriceps 
is done and synovectomy is performed. If expo-
sure is still difficult after the quadriceps snip 

a cb d

e gf h

i j

Fig. 39.9 (a–j) Exposure for revision TKA in stiff knee with severe osteolysis—exposed with tibial tubercle osteot-
omy. Follow-up of 10 years
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a b

c

Fig. 39.10 (a) Banana peel for easy exposure. (b) Banana peel using sharp dissection at tibial tubercle. (c) Banana 
peel—suturing of patellar tendon through bone

a

d e f

cb

Fig. 39.11 (a–f): Banana peel (right knee—ligamentum patellae sutured back with anchor suture). TTO (left knee for 
exposure). Functional result of patient at 3 years
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and there is risk of avulsion of ligamentum 
patellae, a banana peel can be performed in 
place of tibial tubercle osteotomy. A sharp dis-
section using the knife is done slowly and 
meticulously ensuring a continuous layer of 
ligamentum patellae taking it along with adja-
cent periosteum up to a distance of approxi-
mately 3–4  cm. Care has to be taken not to 
allow a breach in the continuity of this sleeve. 
Closure needs to be done with non-absorbable 
sutures passing through bone (Figs. 39.10 and 
39.11). Supported mobilization needs to be fol-
lowed for a period of 3  weeks. Full weight-
bearing walking is allowed from the next day of 
surgery using a knee immobilizer.

39.6.4  V-Y Turndown

It includes a straight medial parapatellar arthrot-
omy with diverging incision down the vastus 
lateralis tendon toward lateral retinaculum [11, 
14]. It allows an excellent exposure and length-
ening of quadriceps tendon. It preserves patellar 
tendon and tibial tubercle. The main drawback 
of this technique is extensor lag, which may 
affect quadriceps strength. In postoperative 
period, a posterior splint is needed for a period 
of approximately 3 weeks. This approach is not 
used frequently since other better options are 
available.

Modified version of the inverted V-shaped 
quadriceps incision includes a parapatellar 
arthrotomy that continues proximally with a 
further incision, angled at 45° from the apex 
of the quadriceps tendon downward and 
laterally.

Most incisions in knee are made on the medial 
border of quadriceps tendon. In a stiff knee, a lat-
eral drift through the portion of quadriceps ten-
don proximally makes the exposure easy. 
Quadriceps tendon—proximal part can be 
detached obliquely from its insertion to make lat-
eral displacement of the patella easier. This 
approach has been referred to as the wandering 
resident’s approach [26].

39.7  Alternative Techniques

39.7.1  Medial Epicondylar 
Osteotomy

Occasionally, if the exposure is tight, then one 
must release capsular attachments to the distal 
femur. This may be accomplished by medial epi-
condylar osteotomy. As Engh et al. described in 
1999, 1  cm of medial epicondyle fragment is 
chiseled off the femur, thereby maintaining 
attachment of adductor magnus proximally and 
medial collateral ligament distally. Capsule can 
be stripped posteromedially. The dissection is 
carried out posteriorly and laterally around femur 
and tibia, and knee is opened by externally rotat-
ing the knee and applying a valgus stress [18].

39.7.2  Femoral Peel

Femoral peel was described by Windsor and 
Insall. This involves exposure around the medial 
and lateral corners of the femur by carrying out a 
subperiosteal elevation of the medial and lateral 
collateral ligaments, posterior capsular release, 
and also release of medial and lateral gastrocne-
mius [15].

39.7.3  Extensor Mechanism Tenolysis

The technique was described by Sharkey et  al. 
After a standard parapatellar arthrotomy and syno-
vectomy, adhesions between patellar tendon and 
upper pole of tibial tuberosity are released, excis-
ing fibrotic tissues. Lateral gutters are cleared of 
any scar tissue. Quadriceps adhesions are released 
by blunt or sharp dissection using curved scissors 
but keeping in mind safety of medial vascular 
structures. In this study, the authors reported obser-
vations on 198 patients. Range of motion was 1.6 
degrees to 103.8 degrees. There were no cases of 
delayed wound healing, skin necrosis, or avascular 
necrosis of patella. Only two patients were noted to 
have extensor lag of more than 5 degrees.  
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The important complications were peripatellar 
fibrosis requiring arthroscopy (7.2%), hematoma 
(4.8%), manipulation under anesthesia (3.9%), and 
patellar subluxation (1.4%) [27].

39.8  Historical Approaches

39.8.1  Coonse and Adams

This technique was first described in 1943 by 
Adams et  al. [25]. It was modified by Insall in 
1983. This utilizes a V-Y turndown procedure to 
release the extensor mechanism proximal to the 
quadriceps attachment of the patella. The benefit 
was supposed to be the ability of lengthening the 
quadriceps mechanism without affecting the 
patellar tendon. Though this may result in con-
siderable scarring and weakness of the extensor 
mechanism, this approach cannot be extended as 
in a standard medial parapatellar approach.

39.8.2  Insall’s Patellar Turndown

This was first described by Insall in 1983 [20]. In 
a difficult exposure for a stiff knee, a standard 
medial parapatellar arthrotomy is extended using 
a second incision, which is at 45° to the first one 
in extensor mechanism. Tendinous insertion of 
vastus lateralis is dissected down to the lateral 
retinaculum. It preserves the patella blood supply 
through the inferior lateral genicular artery. The 
classical indication of this approach is a situation 
in which quadriceps snip is not good enough and 
proximal tibial osteopenia precludes use of a tib-

ial tubercle osteotomy. It should be avoided in 
conditions where quadriceps is fibrosed with 
poor contractility. Following repair knee should 
be protected for 2 weeks in the post-op period to 
help healing. Scott et al. recommended a modifi-
cation of the above approach by taking the lateral 
limb of the incision underneath the edge of the 
vastus lateralis through its tendinous insertion 
into the retinaculum rather than through the reti-
naculum. This will save the superior lateral 
genicular artery. At the time of the closure, the 
knee is flexed to 90° and re-approximation of the 
tendon is done with number two nonabsorbable 
suture like Ethibond. This provides V-Y length-
ening of the tendon. Patients usually have weak-
ness of quadriceps for a long time.

39.9  Complications 
and Management

Commonest problem in a stiff knee revision is 
rupture of patellar tendon. Best precaution is to 
use a pin to temporarily hold the patellar tendon 
and avoid excessive retraction. Eversion of 
patella must be avoided in both revision and pri-
mary TKA to avoid this complication.

Partial rupture of ligamentum patellae can be 
managed by using an anchor suture or No 2 
Ethibond suture through a drill hole in proximal 
tibia (Fig. 39.12a–e).

Soft tissue healing is most important for an 
uneventful recovery after a revision TKA.  Use 
the temporary support of a removable splint or a 
posterior plaster cast, to allow better healing 
when needed.

a c eb d

Fig. 39.12 (a–e): Rupture of ligamentum patellae fixed with anchor suture. Functional result remains good
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39.10  Summary

Exposure during a revision total knee replace-
ment presents considerable challenge to the 
arthroplasty surgeon. Various approaches have 
been described in literature and are still in use. 
The approach should be technically easy, user- 
friendly, and easily reproducible, at the same 
time, causing minimal disability and loss of func-
tion. The surgeon should be well-versed with all 
these different approaches and must utilize them 
on a case to case basis. A good exposure is a job 
half done. Surgeon expertise in performing revi-
sions finally decides the final outcome.
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Prosthesis Extraction in Revision 
Total Knee Arthroplasty
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40.1  Introduction

Over the past decades, total knee arthroplasty has 
become one of the most successful surgeries in 
orthopedics and in some countries has surpassed 
the amount of total hip arthroplasty implantations 
[1, 2]. The reason for failure of knee implants 
might lead to different approaches when removal 
of the implant parts is required. Will Durant in 
1926 wrote “We are what we repeatedly do” in a 
small book titled “The Story of Philosophy.” 
While this quote was then meant to describe the 
adherence to truth as a habit, in a more profane 
version it could also be interpreted as experience 
growing by time as you perform more and more 
total knee revision surgeries [3]. Experienced 
revision surgeons will frequently have a plan laid 
out in their mind when they see radiographs of 
revision cases and not only just one plan but most 
probably several alternatives [4].

40.2  Preoperative Planning

Not only for the less experienced surgeon but 
also for the expert it should always be a “Must” 
to start each revision case with a meticulous pre-
operative planning not only by using the proper 

radiographs but also by taking a history of the 
patient along with a clinical examination. 
Important details to be obtained before surgery 
should include the type of prosthesis to be revised 
which is especially important if revision implants 
need to be addressed [5, 6]. Coupling mecha-
nisms of linked implants sometimes require spe-
cial instruments to be unlocked in revision 
settings. Some companies provide special extrac-
tion instruments for their implants, which might 
greatly facilitate implant removal if available.

It is also suggested to retrieve all previous sur-
gical reports of the patient regarding his or her 
knee to be revised. Some of these documents 
might be difficult to obtain as patients nowadays 
tend to travel a fair amount for medical treatment 
and do not always carry all their documents with 
them. It should be a common rule however for a 
revision surgeon to try the best to gain as much 
medical information as possible before surgery.

In all revision cases, it is imperative that infec-
tion should be either ruled out or proven by using 
the common diagnostic tools described elsewhere 
in this book [7]. This might significantly change 
not only the approach to the knee but also the 
amount of debridement that is required.

Preoperative planning should also include 
radiographs that provide the adequate informa-
tion to the revision surgeon prior to surgery. 
Radiographs of the knee in all three planes as 
well long-standing films will be sufficient in the 
majority of cases. Preoperative CT scans in our 
experience are needed for selected cases in case 
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there is a debate whether an implant is well fixed 
or loosened. It rarely is needed as a tool of how to 
prepare for removal of an implant but rather for 
establishing a proper diagnosis for revision.

Clinical examination should focus not only on 
the knee but should also include the general con-
dition of the patient and the ability to perform 
partial weight bearing if needed. The evaluation 
of the joint should include the quality of the soft 
tissues, the location of old scars, the range of 
motion, and the function of the extensor mecha-
nism as well as the evaluation of ligamentous sta-
bility. Especially in stiff knees, exposure of the 
knee joint requires extensile releases and addi-
tional soft tissue procedures in order to facilitate 
removal of the old implants. Surgical techniques 
describing these will be covered elsewhere in this 
book. It is imperative that all relevant soft tissue 
structures including the extensor mechanism 
should be protected at all times during the sur-
gery (Fig. 40.1).

40.3  Principles of Implant 
Removal

General rules for implant removal have tradition-
ally always suggested to remove the insert first in 
order to gain more space to facilitate exposure [8, 
9]. This will allow the surgeon to inspect the 
bone–cement–implant or bone–implant interface 
of the femoral and tibial component and look for 
signs of osteolysis or loosening. Thereafter, the 
femoral and then the tibial component should be 
addressed.

Different techniques for dissection of the 
interfaces can be used according to the surgeon’s 
preference. A good selection of osteotomes—
either straight or curved—should be available to 
provide for the needs of the surgeon at time of 
implant removal (Fig. 40.2).

A Gigli saw, a selection of osteotomes and 
also a small oscillating saw blade, may all pro-
vide the same result depending on the experience 
of the surgeon when the femur is addressed. All 
of these different instruments require patience in 
order to sacrifice as little bone as possible when 
the prosthesis is removed (Figs. 40.3, 40.4, 40.5 
and 40.6).

Once the interface has been disrupted, the 
femoral component can either be removed manu-
ally or punches might be useful to drive it from 
the bone. Great care should be taken to keep the 
bone stock as intact as possible.

Fig. 40.1 Preoperative planning is imperative in revision 
knee surgery: Which scar to take? Infected or not? What 
type of implant is to be revised?

Fig. 40.2 A small selection of osteotomes that help the 
surgeon for implant and cement removal
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After removal of the femoral component, the 
tibial component should be revised. Osteotomes 
as well as small oscillating saw blades are the 
working horses that will allow for timely removal 
of the implant. Ligamentous injuries should be 
prevented, especially when the medial side of the 
tibia is addressed. The proximal tibia should be 
subluxed anteriorly placing a Hohmann retractor 
posteriorly and everted externally to avoid any 
damage to the soft tissues as well as to the 
 posterolateral corner of the femur where the tib-
ial component might impinge when it is pushed 
out of its cement bed. Great care should be taken 
not to manipulate on the retractors which might 
otherwise crush the distal femur in cases of poor 
bone stock (Figs. 40.7, 40.8 and 40.9).

Fig. 40.3 Undercutting of the femoral shield using a 
Gigli saw in combination with the use of an osteotome

Fig. 40.4 Most implants have pegs or stems in the distal 
femoral contact area that will prevent the Gigli saw from 
progressing further posteriorly

Fig. 40.5 Release of the distal femur using an osteotome. 
The posterior condyles need to be addressed with special 
care in order to facilitate implant removal and avoid frac-
ture of the bone

Fig. 40.6 A small oscillating saw blade will allow for 
quick disruption of the interface by either entering 
between the implant and cement or the cement and bone 
interface
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Once the implant debonds from the cement 
and is slightly elevated, punches can be used to 
remove the implant. In order to avoid impinge-
ment posteriorly, the knee should be hyperflexed 
thus exposing the tibia anteriorly. In cases of long-
stemmed monobloc components, it might be eas-
ier to apply specific extraction instruments to the 
implant that have slap hammers attached in order 
to deliver axial extraction forces to the compo-
nent. These devices can also be applied to femoral 
components, creating a much stronger extraction 
force when they are still well fixed (Fig. 40.10).

Removal of a patella implant is not always 
necessary in revision settings and should depend 
on the shape and geometry of the implant in cor-
relation to the new revision implant, the amount 

Fig. 40.7 Two osteotomes can help to disrupt the contact 
between the prosthesis and the bone cement, placed on top 
of each other and avoid crushing the bone underneath. 
Complete dissection of the implant from the underlying 

cement and bone is imperative and time consuming, but 
otherwise bone will be sacrificed as shown in the second 
picture

Fig. 40.8 A small oscillating saw can be used to cut 
underneath the tibial baseplate, going from medial to 
lateral

Fig. 40.9 Driving the tibial component out of the tibia 
requires hyperflexion of the knee when using a punch
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of bone stock left, and if there is apparent mal- 
positioning of the patella implant. In cases of late 
infection, removal is a must. Flexible osteotomes 
and small oscillating saw blades are required to 

facilitate the revision of either an all polyethylene 
as well as a metal backed patella.

In case of stem removal, several rules apply. 
The surgeon should evaluate the fixation of the 
stem and plan the surgical steps for stem removal. 
Stems are used in either a hybrid cementing tech-
nique or might be fully cemented. In this case, 
the surgeon might need to consider the quality of 
the cement mantle around the implant to prepare 
for cement removal. Some cases might allow for 
cement in cement revisions, if there is no gross 
malposition of the implant and the cement mantle 
is intact (Figs. 40.11 and 40.12).

Stem surfaces might vary from polished to a 
porous structure to allow for bony ingrowth. This 
might require extended osteotomies for removal 
even though it has been shown that patient out-
come might improve, if osteotomies are pre-
vented [5, 10–12].

Additional devices such as sleeves or cones 
need to be addressed as well when present in 

Fig. 40.10 Size adapted extraction instrument with 
implant specific connecting mechanism and slap hammer 
attached used to extract monobloc components. This 
device can also be used in a modified version on tibial 
components

Fig. 40.11 Example of a well-fixed, fully cemented fem-
oral component. Surgeons might expect a difficult removal 
of the implant here. Femoral or tibial components of mod-
ular implants frequently shear off from the stem leaving it 

in situ for easier approach. In this case after removal of the 
stem, the well-fixed cement (arrow) was removed using 
osteotomes
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cases where stemmed components need to be 
removed.

Modular components nowadays are mostly 
designed to disconnect from fully cemented 
stems extensions if these are fully cemented. 
Implants with metaphyseal cementation and 
press fit stems generally will be easier revisable 
and can be removed in one piece in the majority 
of cases which is why they are generally pre-
ferred in revision situations (Fig. 40.13).

Cement removal generally requires a selection 
of appropriate osteotomes either curved or angled 
that will help the surgeon to break up the layer of 
cement in the metaphyseal region. Adequate care 
is required to avoid damage to the bone stock 
especially in osteoporotic conditions. In cases 
with fully cemented stems, the osteotomes should 
be long enough to reach the appropriate depth. In 
our experience, osteotomes need to be sharp in 
order to greatly facilitate cement breakage and 
cement removal (Fig. 40.14).

The end of the cement mantle distally or prox-
imally can be perforated using a drill and a hand-
held centralizer along with threaded cutters to 

remove the cement in a stepwise fashion. Cement 
removal in infected cases should always be com-
plete in order to avoid re-infections (Fig. 40.15).

Cementless stems with micro- or microporous 
structures often are very hard to remove and 
require excessive additional bony procedures 
such as osteotomies if they are well integrated. 
Ast et al. in 2011 reported on a specific technique 
whereby a trephine and flexible as well as rigid 
osteotomes had been used to remove a porous 
ingrown stem extension without success. They 
then used three liters of four-degree precooled 
saline solution to rinse the stem extension, thus 
contracting the metal which then could easily be 
removed by using a stem extension screw and a 
backslap device. While this technique might 
prove very helpful, we have no experience with it 
and could not comment if it proves helpful in all 
of those cases [13] (Figs. 40.16 and 40.17).

On the femoral side, these implants if well 
fixed require cortical windows anteriorly distally 
in order to gain access to the implant and address 
the cementless stems. K-Wires and flexible 
osteotomes then can be used to dissect the implant 

Fig. 40.12 Example of a poor-quality cement mantle 
showing radiolucencies and cracks as well as osteolysis 
on either femoral and tibial side. Surgeons can expect 

easy implant and cement removal here with implants 
grossly loosened and cement attached to the implant
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from the bone along with extraction devices that 
allow for applying direct forces to the stem.

Removal of sleeves or cones routinely requires 
removal of the implant first and then these devices 
can be addressed separately. Sometimes disrup-
tion of the implant and the cone or sleeve is easier 
when cortical windows are performed either on 
the tibia or the femur in order to gain access to 
the stem, the device itself as well as to the com-
ponent [14] (Fig. 40.18).

40.4  Special Considerations

40.4.1  Stem Fractures

In case of stem fractures and intact bone where 
the remaining part of the stem might still be well 
fixed, two options are suggested:

 1. In fractured polished stem, use a small oscil-
lating saw blade to create a cortical window 
right above the fracture site. Then use a small 
metal burr to drill small holes into the exposed 

Fig. 40.13 Intact cement mantle in the metaphyseal region of the tibia and in the femoral canal. Short osteotomes can 
be used to break up the cement mantle

Fig. 40.14 Selection of long osteotomes straight and 
angled that can be used in femoral and tibial canals to 
break up the bone cement
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Fig. 40.15 A centralizer and a drill might help to target 
the cement console in the tibia or the femur. Cement 
might then be removed in a stepwise manner with the help 

of a threaded cutter and a retrograde mallet or in one piece 
in rare occasions

Fig. 40.16 Example of a cementless modular implant, 
where the stem was well integrated and the implant 
refused to disassemble. Reason for revision was malrota-

tion of the tibial and femoral component. Excessive tibial 
tubercle osteotomy had to be performed to remove the 
implant
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Fig. 40.17 Cementless femoral component with micro-
porous structure, bone still attached to the stem. The 
implant was removed by disconnecting the femoral com-
ponent from the stem and then using K-wires and flexible 

osteotomes. Sometimes stem extension screws and pliers 
can be used along with a punch to create an extraction 
device when stems are well fixed as shown

Fig. 40.18 Cortical window anteromedial on the tibia 
which allows easier access to the implant and the cone 
underneath. The bone can be reattached once the new 
implant is in place
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broken stem that is still well fixed. Use a small 
but sharp punch and a mallet to apply forces 
to the implant by inserting the punch into the 
holes. The stem might be pushed out stepwise 
until it can be retrieved from the joint side 
(Fig. 40.19) [15].

 2. In fractured porous ingrown stems, a trephine 
might be used to drill over the broken stem 
extension, thus breaking the bony interface 
between implant and bone [16]. This tech-
nique should only be used in cases with good 
bone stock though since the thickness of the 

a c

d e f

g

b

Fig. 40.19 (a–g) Stepwise removal of a modular tibial 
implant with cone (a): tibial baseplate disassembled from 
augments (b) which are then removed step by step (c–d) 

leaving the cone exposed (e). After removal, cavitary 
defect visible (f). The removed implant except for the 
stem extension is shown in (g)
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trephine might almost certainly lead to sub-
stantial bone loss, yet it might be helpful in 
certain conditions (Fig.  40.20) [17] 
(Figs. 40.21 and 40.22).

40.4.2  Difficult Cement Removal

Ultrasound systems have been suggested for 
cement removal [18]. While this technique cer-
tainly has clear indications in the hands of the 
skilled surgeon used to it, we see disadvantages 

in certain setting of poor bone stock and infected 
cases: the ultrasound will “liquefy” the cement 
and might thus damage the bone attached to the 
cement. In infected cases, complete cement 
removal is imperative and ultrasound techniques 
will not allow the surgeon to judge if all cement 
was removed. For thin, wallpaper-like cemented 
areas, the use of high-speed burrs and retrograde 
chisels to remove the cement might be an alterna-
tive (Fig. 40.23).

In cases of fully cemented stem extensions 
that need to be removed with a well-fixed cement 
in the bone and an intact cement mantle, cement 
in cement revisions might be an option. This 
technique might be applied in selected cases only 
when there is no malalignment of the stem exten-
sion and the stem geometries of the removed 
implant and the new implant match to each other. 
Special burrs might be required to freshen the 
cavitary of the cement mantle along with pulsa-
tile lavage. This will allow the new cement to 
gain strong attachment to the old cement in situ. 
This technique has also been used in hip revi-
sions for a long time (Fig. 40.24).

Fig. 40.20 Sleeve removal similar to cone removal: dis-
assembling modular implants, exposing the sleeve, and 
then exposing the sleeve by extending a cortical window 

anteriorly. Using flexible osteotomes and punches, the 
sleeve could be removed. The same technique was used on 
the tibial side

Fig. 40.21 Broken stem retrieved over a small window 
using “drill and punch” technique
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40.5  Summary

Implant removal in the setting of knee revision 
surgery requires an experienced team and a sur-
geon that will be familiar with soft tissue as well 
as bony procedures. Each case should be evalu-
ated preoperatively. The surgeon will need 
patience, skills, and knowledge on various surgi-
cal techniques for exposure and removal of the 
implant, a selected armamentarium of instru-
ments that will help him or her to do so and 
patience to achieve the optimum outcome for the 
patient.
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41.1  Introduction

Total knee arthroplasty (TKA) is an effective pro-
cedure for end-stage osteoarthritic treatment [1]. 
Failure of primary TKA from periprosthetic joint 
infection (PJI), loosening, and instability were 
reported as the most common among all causes 
and could lead to revision surgery [2, 3]. A pre-
diction of an increasing number for revision TKA 
might grow over 600% between 2005 and 2030 
[4]. The revision rate from any causes was 
reported as high as 2–6% at 5 years after TKA in 
some literature [5]. Revision arthroplasty is a 
challenging and complex procedure that may 
increase the risk of bleeding, procedure duration, 
extended wound, and consuming resources [6, 7]. 
Revision TKA and other factors such as more 
significant estimate blood loss (EBL) and pro-
longed operative time could increase major and 
fatal complications [8]. Therefore, preoperative 
planning and optimal prosthesis selection are the 
critical processes that surgeons need to be com-
prehensive and acknowledge.

Revision TKA aims to obtain a bone stock 
reconstruction and an excellent prosthesis fixa-
tion to the bone [9]. Furthermore, obtaining a 
stable knee joint, restoration of the joint line, and 

gaining an entire stable range of motion are also 
to be achieved after the procedure [10]. Bone 
stock reconstruction with metal augmentation 
from various options could substitute for the dis-
advantage of allograft reconstruction. The con-
straint of the prosthesis should be the least but 
still provide adequate stability. Therefore, sur-
geons would rely on the degree of knee instabil-
ity and bone defect to select the optimal modular 
implant for reconstruction.

41.2  Discussion

The commonest problems that the prosthesis 
needs to address during a revision surgery are 
instability and bone defects.

41.2.1  Instability

The instability of the knee joint following TKA is 
one of the frequent modes of failure and remains 
challenging for surgeons who deal with this prob-
lem. Soft tissues surrounding the knee joint com-
prise static and dynamic functions to provide 
knee stability. The important ligaments allow 
static stability in medial and lateral collateral 
ligaments. During revision TKA, we often 
encounter compromised ligaments and unre-
solved instability. Therefore, the higher con-
straint knee prosthetic design is required to solve 
the problem depending upon the degree of insta-
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bility. The increased constraint prosthesis design 
sequence from semi-constraint knee, a 
 varus- valgus constraint knee, and the hinged 
knee prosthesis.

41.2.1.1  Posterior-Stabilized Design 
Prosthesis

The fundamental principle is to choose prostheses 
with the minimum limits needed to manage insta-
bility [11]. Posterior stabilized (PS) is the mini-
mal constraint for revision TKA. The PS design 
prosthesis is indicated in patients with competent 
medial collateral ligament (MCL) and lateral col-
lateral ligaments (LCL). Revision TKA with mini-
mal bone loss after previous prosthesis removal 
and uncompromised collateral ligaments has 
favorable revision surgery outcomes with PS TKA 
[12, 13]. Augmentation with stems is required in 
reconstruction during revision TKA, with pre-
served MCL and LCL, also have shown satisfac-
tory results when PS TKA is exploited [13].

41.2.1.2  Varus-Valgus Constraint 
Prosthesis

Posterior-stabilized (PS) knee prosthesis, a semi- 
constraint knee prosthesis, provides posterior 
stability from post and cam mechanism to pre-
vent posterior dislocation in sagittal plane, but 
is unable to maintain stability in varus-valgus 
or coronal plane. Varus-valgus constraint (VVC) 
prosthesis design has higher stability than PS knee 
design. The VVC knee has developed a post and 
cam mechanism by increasing all post dimensions 
to have a thicker, taller, and larger post than the 
PS knee. Moreover, the more massive post will 
be properly fitted to a larger box housing from 
the femoral component. Therefore, prosthesis 
articulation can provide stability in all magnitude, 
including anterior-posterior direction, varus-val-
gus direction, and axial rotational direction.

The VVC knee design is predominantly used 
in revision TKA with collateral ligament insuffi-
ciency conditions following TKA.  To address 
flexion instability during revision surgery, and to 
add stability if coronal instability is present after 
prosthesis removal, it is recommended to utilize 
VVC [14]. VVC is also indicated in severe valgus 

knee alignment with MCL deficiency, post polio-
myelitis sequelae, and neuropathic arthritis [15]. 
Also, bone stock deficiency may require augmen-
tation with stem. Since post and cam engagement 
constraint can generate mechanical stress to pros-
thesis–cement interface and cement–bone inter-
face after prosthesis-bone fixation may lead to 
failure of prosthesis fixation and cause early 
aseptic loosening. The modern metaphyseal fixa-
tion with cone or sleeve and stem fixation may 
reduce stress and dissipate forces to surrounding 
bone [16].

The clinical outcomes of VVC in the short 
term demonstrated no difference in the postop-
erative range of motion (ROM) and functional 
score, including Oxford knee score and SF-36 at 
6 months and 2 years postop when compared to 
PS knee design in primary TKA [17]. Limberg 
et al. reviewed 416 fixed-bearing VVC in revi-
sion TKA, resulting from instability, aseptic 
loosening, and PJI treatment [16]. In most cases, 
cemented-stem was used, and the cone was used 
at femur and tibia for 29% and 40% cases 
respectively. The reported failure rate of treat-
ment in the aseptic loosening group was 2%, 
and the instability group was 4%. The overall 
revision rate at 5-year postop was 14%, individ-
ually for PJI, instability, and aseptic loosening 
at 5.5%, 3.1%, and 2.6%, respectively. Their 
study exhibited the revision without stem had an 
eightfold increased risk of failure. Additionally, 
this study advocated using VVC knee design for 
revision TKA and recommended using cemented 
stem, together with the metaphyseal cone to 
reduce aseptic loosening [16]. Nevertheless, 
although the VVC knee prosthesis provides cor-
onal stability, utilising the VVC knee in multi-
ligament knee injury or previously ligamentous 
surgery should be done carefully. Pancio et al. 
reviewed 59 patients who underwent TKA with 
previous multi-ligament surgery. They observed 
a lower survivorship (42%) in the previously 
ligamentous surgery group at 15 years. The 
prior multi-ligamentous surgery patients had an 
increased risk of reoperation from any causes 
and increased risk of PJI when compared to the 
match-control patient group [18].

K. Sukhonthamarn and P. Panichkul



567

41.2.1.3  Rotating Hinged Knee 
Prosthesis

In case of severe bone loss and soft tissue com-
promised from various causes such as multiple 
revision surgeries, two-stage exchange following 
PJI treatment, and periprosthetic fracture about 
TKA, these conditions often evoked a global 
instability. The hinged knee design system pro-
vides the most stability for total knee prosthesis in 
the cascade. Contemporary rotating hinged knee 
(RHK) prosthesis has improved clinical outcomes 
and survivorship than conventional designs [19, 
20]. However, the revision rate is higher than pos-
terior-cruciate retaining or substituting and VVC 
systems, which have less constraint [20, 21]. The 
femoral component and tibial component’s hinge-
linkage junction restrict motion and conduct 
mechanical stress between the prosthesis–bone 
interface [22]. Nevertheless, the biomechanical 
study in cadaver and finite element model analy-
sis has conversely revealed that RHK has lower 
stress and less bone–implant interface restriction 
than VVC prosthesis [22, 23].

RHK prosthesis is indicated in patients pre-
senting with the inability to balance ligament and 
the gap in revision TKA and patients who develop 
a deficiency of collateral ligaments, capsule, and 
muscle after multiple previous procedures [24]. 
Loss of those structures motivates the failure of 
stability in the coronal, sagittal, and axial plane. 
The hinged implant system provides strength for 
laxity in all directions [25]. As an un- 
reconstructable distal femoral fracture in a native 
fracture or periprosthetic fracture, segmental 
replacement requires a hinge-design implant 
[26]. Moreover, RHK is applied to implant for 
revision TKA for severe arthrofibrosis. The pro-
cedure could improve range of motion and reduce 
the risk of manipulation because utilizing RHK 
in stiffness conditions can allow the surgeon to 
do extensive soft-tissue releases and reconstruc-
tion with the independence of ligament stability 
[27]. There is a concern in the RHK system with 
low survivorship and high failure issues. Since 
the constraint of the system originates from the 
hinge, which composes of a modular part, the 
junction is far rigid. Therefore, there is an inci-

dence of modular part failure and intra-prosthetic 
dislocation from some reports [28–30].

Contemporary RHK design has improved 
over time from fixed hinge design and single- 
plane motion to gain rotational axis, aiming to 
reduce transferred torque. The high failure rate in 
the initial design from early aseptic loosening 
was reported from the various studies [31, 32]. 
Therefore, modern RHK was reported to have a 
lower risk and better longevity. A meta-analysis 
from 12 studies compared survivorship of RHK 
and VVC showed no significant difference for 
short- and mid-term at 87.4% and 81.3%, respec-
tively, for RHK survivorship [21]. Pour et  al. 
reminded the high complication rate, including 
aseptic loosening, periprosthetic fracture, and PJI 
and demonstrated a revision rate for 79.6% at 1 
year and 5 years at 68.2%, and advocated to uti-
lize RHK as a salvage procedure for the complex 
surgical conditions [20]. In contrast, Cottino 
et al. reported a 10-year rate of aseptic loosening 
of only 4.5% and survivorship of 77.5% for a 
modern design [33].

41.2.2  Bone Defect

There is bone loss classification available for the 
physician to determine severity and management 
guidance. The Anderson Orthopedic Research 
Institute (AORI) classification is commonly uti-
lized to categorize and predict the severity of pre-
operative radiograph bone defect (Table  41.1) 
[34]. AORI classification helps the surgeon eval-
uate and preoperative planning for bone defect 
reconstruction and prosthesis selection [24].

41.2.2.1  Metaphyseal Sleeve 
and Cone

To manage bone loss in revision total knee arthro-
plasty, the surgeon has to anticipate the bone defi-
ciency and should have the correct components 
available to adequately address the situation. 
Metaphyseal sleeves provide an alternative treat-
ment for bone defect reconstruction in this revi-
sion operation. Early results of the metaphyseal 
sleeve have been very promising [35, 36]; how-
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ever, the currently published long-term results 
are still limited.

The main challenges during the revision knee 
arthroplasty are bone loss and implant fixation. 
The bone cement can be used to fill the small 
bony defects, especially around the epiphysis. 
The screws, autograft, or allograft can be used to 
augment this residual bone stock. The metaphy-
seal bone defect (AORI grade 2–3 bony defects) 
can be addressed using either metaphyseal 
sleeves (DePuy Synthes, Warsaw, IN) or trabecu-
lar metal cones (Zimmer Biomet, Warsaw, IN).

Some differences between these two implants 
must be considered. The trabecular metal cones 
(Fig. 41.1) might be considered a metallic bone 
graft to fill the bony defects and separated into 
the implant fixation while the metaphyseal 
sleeves (Fig.  41.2) provide direct implant fixa-
tion. Trabecular metal cones will also need to 
have supplementary zone 3 fixations with a 
cemented stem, which allows fixation of the stem 

to the cone, and the porous metal cone provides 
bony ingrowth in zone 2.

Metaphyseal sleeves offer stable zone 2 fixa-
tions while addressing the extended bony defects, 
which can be addressed in a single step. The 
sleeve is attached to the femoral and tibial com-
ponents via a Morse taper, allowing the direct 
fixation of the construct to the metaphysis via a 
porous metal surface and with cement fixation at 
the joint surface (Fig. 41.3). This allows prosthe-
sis fixation in two (meta- and diaphysis) of the 
three relevant zones. The load transfer through 
the metaphyseal bone of the sleeve also avoids 
stress shielding and encourages bony on-growth 
[37].

Recent studies demonstrated that metaphyseal 
sleeves provide excellent fixation and also 
implant survivorship at medium to long-term 
follow-up at 10 years [38, 39]. The National Joint 
Registry (NJR) of England, Wales, Northern 
Ireland, and the Isle of Man also showed that the 

Table 41.1 Bone defect classification according to the Anderson Orthopedic Research Institute and management guid-
ance for cone/sleeve augmentation and type of prosthesis

Type Characteristics Cone/sleeve Type of prosthesis
1 Minimal bone loss No PS, VVC
2 Metaphyseal bone damage
2a One femoral condyle, tibial plateau 

damage
Yes PS, VVC

2b Both femoral condyles, both tibial plateaus 
damage

Yes PS, VVC

3 Extended metaphyseal bone deficiency 
with collateral ligaments insufficiency

Yes VVC, RHK, MP

PS, posterior-stabilized; VVC, varus-valgus constrained; RHK, rotating-hinged knee prosthesis; MP, megaprosthesis

Fig. 41.1 Trabecular metal cones (Zimmer Biomet, Warsaw, IN) and the assembly with the revision stem
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revision rate of a sleeve coupled with rotating 
platform bearing is 21% lower compared with the 
whole class of revision TKA prostheses due to 
the fact that the shearing forces through the sleeve 

are reduced [40, 41]. The trabecular metal cones 
also provided durable and reliable options for the 
metaphyseal fixation in mid-term and long-term 
follow-up at 5 and 10 years [42, 43].

41.2.2.2  Megaprosthesis
Reconstruction after tumor removal is frequently 
replaced with a segmental prosthesis. The latter, 
patient with substantial bone loss from non- 
oncological causes, e.g., multiple revision, subse-
quent PJI treatment, periprosthetic fracture with 
insufficient bone stock, and massive osteolytic 
lesion from wear debris, are introduced to utilize 
the segmental megaprosthesis replacement as the 
distal femoral replacement (DFR) (Fig. 41.4) [44, 
45]. Extensive bone loss that involves collateral 
ligaments and soft tissue envelope bring large bone 
deficiency and instability. Thus, megaprosthesis 
replaces a segmental bone loss, together with a 
hinged junction, to provide stability to the joint.

The overall survivorship was low from a dif-
ferent study for mid-term and long-term survi-
vorship. Subsequent PJI and aseptic loosening 
are frequent complications [46, 47]. Wyles et al. 
reported the aseptic loosening rate of 17%, the 
revision rate of 28%, and reoperation rate of 
46%, at 10 years [47]. Therefore, DFR for non-
neoplastic causes should be reserved as a salvage 
procedure.Fig. 41.2 Metaphyseal sleeves with assembly of final 

components

a b c d e f

Fig. 41.3 (a) Intraoperative photographs demonstrated 
severe bone loss at the femur and tibia. (b) The residual 
bone defect following sequential broaching. (c) and (d) 
Intraoperative photographs show a thin layer of bone 
cement is applied to the bony surface at the proximal tibia 
and the distal end of the femur. There should be no cement 

present in the metaphysis as it can inhibit bone ingrowth 
into the porous surface of metaphyseal sleeves. (e) and (f) 
The postoperative radiographs following revision of the 
right total knee replacement with the femoral and tibial 
sleeves with a diaphyseal-engaging cementless stem and 
mobile bearing a tibial tray
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41.3  Summary

The problem of each patient is individual. 
Surgeons need to optimize and do a plenary pre-
operative planning. The various type of 
 constraints of prostheses and augments for recon-
struction relies on preoperative and intraopera-
tive evaluation. The knee joint should obtain 
stability and durable fixation for excellent func-
tion and long-term outcomes to achieve the goal.
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42.1  Introduction

The volume of primary total knee arthroplasty 
(TKA) procedures performed annually is on the 
rise [1, 2]. Subsequently, the number of patients 
requiring revision knee arthroplasty (RKA) is 
increasing as well [3]. During RKA, surgeons are 
frequently challenged by bone loss. Boney defi-
ciency hinders obtaining stable and durable fixa-
tion along with appropriate alignment and gap 
balancing. An assortment of methods for recon-
struction are available [4]. Improved surgical 
techniques and implant design have resulted in 
outstanding TKA success rates [5], but unfortu-
nately, RKA is unavoidable in a cluster of 
patients. RKA outcomes are suboptimal when 
compared to primary TKA, both in terms of func-
tional improvement and in terms of survivorship. 
Thus, a systematic approach is necessary. 
Thorough preoperative evaluation and meticu-
lous preoperative planning are crucial to provid-
ing reproducible and reliable outcomes.

Modes of failure for TKA include peripros-
thetic infection, aseptic loosening, instability, 
prosthetic fracture, polyethylene wear and oste-

olysis, stiffness, patellar dislocation, and peri-
prosthetic fracture. Regardless of the indication 
for revision surgery, bone defects are frequently 
encountered either due to the mode of failure or 
during implant removal. Engh et  al. developed 
the Anderson Orthopaedic Research Institute 
(AORI) classification for bone loss in RKA 
(Table 42.1), the most commonly used system to 
assess bone loss [6]. Metaphyseal sleeve use is 
indicated for defects classified as AORI type 2 or 
greater.

Understanding the concept of zonal fixation 
provides the foundation for preoperative plan-
ning and the framework on where and how fixa-
tion can be achieved to provide a stable construct. 
The distal femur and proximal tibia may be 
divided into three anatomical zones: zone 1, the 
epiphysis or joint line; zone 2, the metaphysis; 
and zone 3, the diaphysis [7]. In the majority of 
RKA cases, epiphyseal bone is likely to be miss-
ing, sclerotic, and poorly vascularized, thereby 
compromising zone 1 fixation. The metaphysis 
provides a large contact surface area, abundant 
trabecular bone, and rich vascularity—an ideal 
environment to achieve initial as well as long- 
lasting stability and fixation. Moreover, its prox-
imity to the articulating surface aids in joint line 
restoration as well as permitting the use of shorter 
stems and minimizing the need for offset.

Recently, metal augmentation with metaphy-
seal sleeves has become desirable as a means to 
achieve durable fixation. Sleeves can manage 
defects of a variety of shapes and sizes in a dura-
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ble and efficient manner. Accompanying metaph-
yseal sleeves with diaphyseal stems, either 
short-cemented or long-uncemented, is up to sur-
geon preference. Distal fixation may reduce 
micromotion in the bone–implant interface opti-
mizing conditions for bone ingrowth. Recently, 
some authors have reported mixed results using 
stemless metaphyseal sleeve constructs although 
a greater follow-up period is necessary [8, 9].

While there is no consensus for bone loss 
management, a variety of techniques to replace 
deficient bone stock have been described, each 
taking advantage of different fixation zones. In 
this chapter, we will focus on the indications, 
techniques, advantages, and limitations on the 
use of femoral and/or tibial metaphyseal sleeves 
in revision knee arthroplasty.

42.2  Preoperative Evaluation 
and Planning

Investigating the indication for revision arthro-
plasty is of upmost importance, patients will 
likely complain of pain, instability, and/or loss of 
function. Obtaining a detailed history and physi-
cal examination is essential. Patient history 
should include etiology for index procedure, sur-
geries on the affected knee preceding primary 
TKA, subsequent procedures on ipsilateral knee, 
and possible inciting events such as trauma and 
dental procedures. Infection should always be 

pondered as a cause of failure. Physical examina-
tion of the knee and adjacent joints is required.

Preoperative imaging should include but not 
limited to weight-bearing anteroposterior (AP), 
lateral, sunrise, and 45° posteroanterior (PA) 
radiographs (Fig. 42.1). Full-length standing AP 
radiographs are useful in assessing diaphyseal 
deformity and mechanical limb alignment. 
Advanced imaging is not routinely encouraged to 
diminish costs and exposure to radiation. 
Preoperative imaging is indicative of the degree 
of bone loss and frequently underestimating bone 
loss due to implant removal. Consequently, final 
evaluation is performed intraoperatively.

42.3  Surgical Technique

Indications: Bone defect classified as AORI type 
2a or greater

Aims:

 1. Restoration of mechanical and rotational 
alignment

 2. Restoration of joint line
 3. Obtain coronal and sagittal plane balancing
 4. Augmentation of bone loss
 5. Achieve stable and durable fixation
 6. Bone conservation for future revisions

Following appropriate exposure and implant 
removal, definitive assessment and classification 

Table 42.1 AORI bone loss classification

Defect 
(femoral and 
tibial) Description

Metaphyseal 
bone

Collateral 
ligaments Implant stability

Type I Minor contained cancellous bone 
loss

Intact Intact Uncompromised

Type II
  A Moderate to severe cortico- 

cancellous defect affecting one 
condyle/plateau

Damaged Intact Femur: Joint line elevation 
and reduced condylar profile

  B Moderate-to-severe cortico- 
cancellous defect affecting both 
condyles/plateaus

Damaged Intact Tibia: Implant is at or below 
the tip of the fibular head

Type III Severe segmental and cavitary 
defect; may compromise extensor 
mechanism

Deficient Compromised Marked component 
migration
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of the bone defect are made based on the AORI 
classification. Begin by straight reaming the tib-
ial medullary canal in a sequential fashion until 
diaphyseal endosteal contact is obtained, this will 
determine stem diameter. Next, taper ream to the 
desired level of proximal tibia resection. Using 
the predetermined stem diameter assemble the 
broaching construct, the broach is asymmetrical 
in the AP dimension and appropriately labeled to 
identify the anterior aspect, starting with the 
smallest size possible. Afterward, perform 
sequential increase in broach size until axial and 
rotational stability is obtained. While broaching, 
it is essential to properly align (rotational & coro-
nal) the broach as translation of forces may result 
in iatrogenic fractures. Thus, maintaining broach 
alignment is crucial. In the presence of sclerotic 
bone, the broach may deviate away from the scle-
rotic side; the senior author recommends the use 
of a high-speed burr to remove sclerotic bone. 
The top of the metaphyseal broach may be used 
as reference, perpendicular to the mechanical 
axis of the tibia, to freshen the proximal tibial 
bone cuts only in absence of meta-diaphyseal 

deformity. If so, the use of an extramedullary 
guide is recommended.

For trialing purposes, assemble the tibial tray 
with the appropriate sleeve and stem. The 
metaphyseal sleeve engages the stem via a morse 
tapered junction and permits 20° of rotational 
freedom allowing congruency with tibial base 
plate rotation. Consequently, tibial tray rotation 
is based on optimal bone coverage while avoid-
ing overhang.

Before femoral preparation estimate flexion- 
extension gaps using the spacer blocks, taking 
into account femoral component size and the 
need for either distal or posterior augments. 
Similar to the tibial preparation, a sequentially 
ream and then broach is employed. Commence 
straight reaming followed by tapered reaming 
until the canal is opened to allow for broaching. 
Pay close attention as the femoral broach is 
asymmetrical, mediolaterally, and the narrow 
side must point medially. While broaching verify 
rotational stability and joint line restoration. 
With the femoral broach seated, an intramedul-
lary guide is placed. Attach the distal femoral 

Fig. 42.1 Preoperative 
standing AP and lateral 
X-rays of a knee revised 
for aseptic loosening 
and osteolysis
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cutting jig at 5° valgus for freshening of distal 
femoral cuts. Next, couple the AP cutting jig 
onto the guide and ensure rotation is parallel to 
the resurfaced proximal tibia since a symmetri-
cal flexion gap and patellofemoral alignment are 
dependent on the AP cut. Finish femoral prepa-
ration by completing the chamfer and notch cuts. 
Now perform trial reduction to assess joint line 
level,  stability, and flexion-extension gap sym-
metry. Some cases may demand a more con-
strained construct if stability and gap imbalances 
persist after a combination of soft-tissue releases, 
augmentation and adjustment of the femoro-tib-
ial components, and polyethylene size is 
performed.

Remove trial components meticulously to pre-
serve the rotation of the sleeves relative to the 
femoral and tibial components as final compo-
nent rotation should accurately match. Cementing 
the femoral component and tibial base plate is 

recommended unless the remaining bone rim is 
too narrow for cement interdigitation. Apply 
doughy-phase cement to the distal femur and 
proximal tibia as well as to the prosthetic compo-
nents while avoiding cement to settle into the 
metaphysis, as metaphyseal cementation may 
prevent sleeve osseointegration. Ensure proper 
rotational alignment before impaction to avoid 
fracture. With a trial polyethylene insert, hold the 
knee in extension until the cement cures. Perform 
final trialing and stability assessment after cement 
hardening, followed by final polyethylene inser-
tion and wound closure (Fig. 42.2).

Surgical Pearls:

 1. Do not broach only
 2. Ream as much as possible
 3. Use high-speed burr to remove sclerotic bone
 4. Broach gently ensuring proper rotational 

alignment

Fig. 42.2 Postoperative 
standing AP and lateral 
X-rays showing the use 
of femoral and tibial 
sleeves with press-fit 
fluted stems
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42.4  Discussion

Metaphyseal sleeves provide axial and rotational 
stability while managing a wide array of bone 
defects encountered during RKA.  Furthermore, 
sleeves address shortcomings (i.e., disease trans-
mission, nonunion, and graft resorption) and pro-
vide several advantages when compared to 
grafting techniques: shorter operative times, 
reproducible technique, and transferring loads to 
intact host bone. Potential downsides to sleeve 
use involve subsequent removal, fracture during 
implantation, junctional failure, lack of offset 
adjustability, and implant system cross- 
compatibility. Current literature demonstrates 
excellent outcomes in both septic and aseptic 
revision setting using metaphyseal sleeves.

Bloch et  al. retrospectively reviewed 277 
patients (48% male; mean age 70 years) who 
underwent 319 RKA procedures and received 
metaphyseal sleeves (319 tibial and 146 femoral) 
with a mean follow-up of 7.5 years, and 73 
patients were followed for more than 10 years 
[10]. Bone loss classification was not provided. 
At final follow-up, implant survivorship was 
99.1%, 98.7%, and 97.8% at 3, 5, and 10 years, 
respectively. Five patients required re-operation, 
four due to infection, and one for instability. 
Three of the infected patients required removal of 
implants while the fourth was successfully treated 
with debridement, antibiotics, and implant reten-
tions (DAIR). Radiographic analysis revealed 
radiolucent lines in nine tibial sleeves (2.8%) and 
four femoral sleeves (2.7%); none progressed 
and none were revised. Twelve tibial sleeves 
(3.7%) had >1 mm subsidence, all stabilized, and 
none required revision.

Klim et al. retrospectively analyzed 56 patients 
(61% female, mean age 73 years, and mean BMI 
30) with a history of periprosthetic joint infection 
who underwent two-stage RKA with the use of 
porous-coated sleeves (65 tibial and 43 femoral) 
and a mean follow-up time of 5.3 years [11]. 
Bone loss classification performed preopera-
tively included AORI type 2a (20 tibial and 13 
femoral), type 2b (37 tibial and 26 femoral), and 
type 3 (8 tibial and 4 femoral). Nine patients had 

to be re-revised at final follow-up all due to recur-
rent infection; no cases of aseptic loosening were 
encountered. Radiographic analysis of patients 
without re-revision (47 patients) showed osseoin-
tegration in all but 2 patients (4.2%; mean fol-
low- up 7.7 years) who had radiographic signs of 
loosening but minimal clinical signs or symp-
toms of loosening. The Western Ontario and 
McMaster Universities (WOMAC) score 
improved by a mean of 28 points. The mean post-
operative Knee Society Score (KSS) was 76; no 
preoperative values were provided.

A systematic review by Zanitaro et  al. 
reviewed 37 articles including both metaphyseal 
cones and sleeves following the PRISMA 2009 
guidelines [12]. Results of 1801 metaphyseal 
sleeves with mean follow-up of 4.5 years were 
included. The aseptic survivorship of the sleeves 
was 97.8%.

42.5  Summary

Metaphyseal sleeves are now frequently used in 
the RKA setting to address a wide spectrum of 
bone defects. At the moment, clinical data are 
reassuring and support the continued use of 
sleeves, although more long-term data are needed 
to evaluate their advantages and limitations. 
Furthermore, it will help steer the direction for 
future designs in order to maximize the effective-
ness of sleeve-based constructs.
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43.1  Introduction

It has been suggested that rates of knee revision 
surgery are going to increase by more than 300% 
in the years between 2012 and 2030 in the United 
States (Kurtz et  al. 2007) and United Kingdom 
(Patel et al. 2015), and most likely similar rates 
will occur in many other countries around the 
world where primary knee joint replacement has 
been a common procedure to perform over the 
past decades [1, 2]. While this procedure comes 
along with many technical difficulties that need 
to be considered, bone loss is certainly a major 
challenge [3]. The quality of bone stock at the 
time of revision is mostly insufficient for good 
fixation of the new revision implant and includes 
the epiphyseal as well as the metaphyseal region 
of the femur and the tibia.

Bone defects have long been classified accord-
ing to the AORI classification (Engh et al. 1999) 
[4]. Here, easier type I and II A defects can be 
managed using either bone cement, screws, metal 
augments, or bone graft (homologous/autolo-
gous). In cases of severe bone defects however, 
such as in grade IIB and III, these materials do 
not provide sufficient stability to bear the load of 
the revision construct.

The basic idea of zonal fixation in knee revi-
sion surgery has been to our knowledge firstly 
described by Morgan-Jones et al. [5]. Three dif-
ferent zones, the joint surface or epiphysis, the 
metaphysis, and the diaphysis of the femur or 
tibia, need to be evaluated at surgery. In two out 
of these three zones, sufficient fixation of the 
revision implant should be achieved in order to 
provide long-lasting results in knee revision sur-
gery. While the quality of the joint surface is 
almost always compromised in the setting of a 
revision case, the metaphysis and diaphysis fre-
quently need to be relied on for sufficient engage-
ment of the revision construct. In many cases 
however, the metaphysis might be compromised 
as well due to short stems and bone cement of the 
previous implant, often presenting with cavitary 
defects at the time of surgery.

This has led to increased interest in achieving 
sufficient fixation in the metaphyseal region 
using additional augmentation and fixation 
devices such as trabecular metal cones along with 
stem extensions for adequate fixation of the revi-
sion construct in the diaphyseal region.

43.2  Porous Tantalum

Porous tantalum better known as trabecular metal 
(TM; Zimmer Inc., Warsaw, Indiana, United 
States) is an elemental metal that shows high bio-
compatibility and corrosion resistance, at the 
same time providing a porous microstructure that 
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is very similar to human cancellous bone. It also 
has an excellent friction coefficient compared to 
other porous metal constructs, providing a lower 
modulus of elasticity and greater strength. It has 
been suggested that this material provides resis-
tance against bacterial adherence and increases 
leukocyte activation [6–8].

While the manufacturing process of trabecular 
metal is highly sophisticated, requiring a poly-
mer foam to be vaporized with tantalum multiple 
times, it basically leaves a scaffold at the end of 
this process where 99% of the weight consists of 
tantalum and 1% of the original polymer skele-
ton. Being a scaffold with a porous structure, it 
basically allows for bone ingrowth due to 
enhanced osteoblast interaction which is greatly 
different from implant and material coatings that 
might debond over time and thus lead to implant 
loosening [9, 10].

In early studies in canine models by Bobyn 
et al. in the late 1990s, this material showed rapid 
ingrowth of bone and multiple studies since have 
proven the viability of this material also in human 
bone [6, 11, 12]. The size and shape of the TM 
cones have evolved over time. The first genera-
tion of cones provided an initial rudimentary 
design and included stepped cones that allowed 
for treatment of segmental defects of the proxi-
mal tibia. The second-generation cones saw the 
advent of side specific diaphyseal and metaphy-
seal cones for the tibia and the femur that were 
more in line with the design of the revision 
implants and also allow to be stacked together to 
treat even bigger defects, if needed (Figs. 43.1, 
43.2, 43.3 and 43.4). This design also at the same 
time expanded the field of cone technology into 
the region of primary knee arthroplasty espe-
cially in those cases, where severe primary bone 

Fig. 43.1 Second- 
generation medial tibial 
cones varying in four 
different sizes designed 
to increase the stability 
of the medullary canal

Fig. 43.2 Large tibial cones with left and right shapes

Fig. 43.3 Diaphyseal femoral cones in left and right shapes thought to engage in the medullary canal

Fig. 43.4 Metaphyseal femoral cones for left and right femurs
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defects might exist, such as in rheumatoid 
patients with big deformities or tumor cases that 
might have to be treated with total knee arthro-
plasty (TKA) [13–15].

Nowadays, as surgeons have become more and 
more familiar with porous tantalum cones, they 
are used in many different ways not only depend-
ing on the type of bone defects encountered, but 
also on the type of implant and approach for 
implant removal. Some pictures of the feasibility 
of cones are demonstrated below (Figs.  43.9, 
43.10, 43.11, 43.12, 43.13, and 43.14).

A third generation of cones is now under way 
which will show an even more refined anatomical 
design as the understanding of the geometry of 
metaphyseal bone defects has grown. It will also 
allow smaller anatomies to be treated with cone 
technology due to a slimmer design and thinner 
walls.

While in the early days, the cone technology 
was only allowed for cemented use in to the host 
bone, it is now widely accepted that the interfer-
ence of cement in between the host bone and the 
cone should be strictly prevented and cones 
should be used in a cementless way to allow for 
bony osteointegration.

43.3  Surgical Technique

Removal of the old implant will always lead to 
some type of bone defect at the time of surgery 
no matter how appropriate the surgical technique 
might be. This bone deficiency most certainly 
will be larger when an implant has grossly loos-
ened over time. In this setting, the remaining 
bone stock might be very different in quality 
from a case, where a well-fixed implant needs to 
be removed. Here, the bone might be still viable 
and strong whereas in cases of loosened implants, 
sclerotic bone might be a challenge to prepare for 
the uptake of a cone [16].

Bone defects as well as bone stock quality 
need to be assessed after removal of the implant 
and bone cement and debridement of the bone. In 
the majority of cases, these defects will prove to 
be larger than expected, even when preoperative 
CT scan was performed. Frequently, the surface 

of the tibia as well as the femur will show scle-
rotic bone. The center part of the tibia will often 
show a cavitary defect that might extend deep 
into the metaphysis and could bulge underneath 
the surface of the proximal tibial bone thus hid-
ing the true extent of the defect. It could also be 
that this defect is not always in proper alignment 
to the long axis of the tibia itself, depending on 
the position of the previously removed implant. 
Proper exposure of this defect is of utmost impor-
tance in order to choose the proper type and size 
of cone at the time of surgery and to evaluate the 
remainder of the bone for adequate structural 
support.

On the femoral side, the type of bone loss not 
only depends on the type of failure-gross loosen-
ing of an implant will leave bigger bone defects 
on the condyles and in the metaphyseal region as 
compared to a well-fixed implant that needs to be 
removed—but also on the type of implant. 
Cruciate retaining implants are more bone spar-
ing than posterior stabilized femoral components 
where the amount of bone defect is bigger espe-
cially in the box region. The same is true for 
stemmed femoral components in cases of re- 
revisions, where bone defects might extend into 
the diaphyseal region. This goes true for the tibial 
side as well, when stemmed components are 
present.

There are different ways of picking the right 
type of cone at the time of surgery for the tibia. 
The depth of the bone defect, as well as its width, 
the amount of bone loss in the metaphyseal 
region all play an important role at the time of 
surgery. The author`s preferred choice is to plan 
an estimated position of the cone before surgery 
on the radiographs and then change the position 
if needed at the time of surgery by using the pro-
visional cone implants (Figs.  43.5, 43.6, 43.7, 
and 43.8). The best position of a cone should be 
allowing for proper press fit fixation into the host 
bone without mechanical interference with the 
revision implant. Frequently, there is need to 
increase the diameter of the provisional cone at 
the time of surgery in order to achieve a stable 
fixation directly into the host bone when bone 
defects prove to be larger than anticipated preop-
eratively. Countersinking a cone into the metaph-
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Fig. 43.5 Technique of tibial broaching, when a medial 
tibial cone is to be used: a stem extension which is 
attached to a handle, is inserted into the tibial canal for 
guidance of the broach until it is fully seated with good 
diaphyseal engagement. Proper alignment of the exten-
sion in the coronal and sagittal direction is important in 
this step

Fig. 43.6 Over the top guidance of the broach. The 
smallest broach should be used in the beginning

yseal bone without direct contact to the revision 
implant especially on the tibial side is sometimes 
necessary in order to provide the best possible 
fixation.

For the femur, things might look different. 
Often, the amount of bone loss cannot be assessed 
properly before surgery since the femoral com-
ponent might hide the true extent of bone dam-
age. This leaves the use of a cone to the 
intraoperative evaluation. In my experience, the 
most frequently used cones on the femoral side 
are the diaphyseal femoral cones that need to be 
inserted side specific if a cavitary defect is pres-
ent in the metaphyseal region. In case of extensile 
bone loss in the condylar region, a femoral 
metaphyseal cone might help to increase the 
structural strength of the remaining bone. It is my 
experience, however, that this is mostly needed in 

extensile type III defects according to the AORI 
classification, where one or even two of the 
 femoral condyles are missing at least by 50% in 
height and only thin cortical shells are left.

The technique of implanting a cone either on 
the femur or tibia includes various options. First, 
the remaining bone should be freed of any debris, 
including membranes, bone cement, or bone that 
does not seem vital enough to be kept in place. A 
combination of bushing, drilling, and reaming 
devices allow for preparation of the bone bed if 
medial large tibial cones are used. It is very 
important to realize that drills and reamers can 
catch in sclerotic bone even if they are guided 
and can cause damage to the bone and soft tis-
sues. In addition, over-the-top broaches are used 
to prepare the bone bed deeper inside the cavity 
which are guided by provisional stems. I favor a 
broaching technique in combination with a recip-
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Fig. 43.7 Broaching commences using a mallet to 
impact the broach into the bone. The size of the broach 
increases until sufficient bone contact is achieved. Care 
should be taken to align the broach also in the correct rota-
tion using marks on top of the handle and the broach itself 
so that impingement can be prevented with the fins of 
tibial baseplate

Fig. 43.8 A tibial trial implant along with a cone trial can 
be inserted to check for alignment and fit of the construct

rocating saw or reamers for cleaning and prepar-
ing the proximal bone. This greatly reduces the 
surgical time once you get more familiar with the 
technique.

On the femoral side, diaphyseal cones are 
implanted by way of over-the-top broaching 
using an intramedullary guidance with the help 
of a provisional stem extension, very similar to 
the tibial technique. It is important to realize that 
careful broaching is of utmost importance in 
either the tibia or the femur in order to allow for 
correct rotational positioning of the cone which 
might otherwise affect the position of the original 
revision implant. Although all of these cones 

allow for rotational adjustments of the tibial and 
femoral implants up to a certain degree, there are 
limitations, especially when diaphyseal cones 
and offset stems are used. Great care should be 
observed when diaphyseal femoral cones are pre-
pared, since the anterior or posterior cortex of the 
femur might be weakened due to osteolysis and 
bone loss.

Metaphyseal femoral cones should be placed 
in close contact to the remainder of the condylar 
bone. The use of those depends on the amount of 
bone loss encountered and should be carefully 
judged. Sometimes, it seems more appropriate to 
sacrifice non-vital bone in order to achieve a bet-
ter placement of the cone and allow for better 
fixation. This is especially true in those cases 
where there is not only a cavitary but rather a seg-
mental defect and no structural support is encoun-
tered. Frequently, a high-speed burr is required to 
remove sclerotic bone in these cases in order to 
achieve sufficient contact and stability between 
the cone and the host bone. While the AORI clas-
sification grades bone defects into area of loca-
tion, it does not account for cavitary or segmental 
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defects which might sometimes be more helpful 
to allow for the correct choice of cone in selected 
cases.

It is very important to understand that femoral 
and tibial cones allow for some degree of rota-
tional adjustment of the revision implant. This 
greatly facilitates their type of application. The 
large tibial cones allow for even the largest rota-
tional freedom and also for a great extent of off-
set placement of the cone in relation to the tibial 
stem extension. Whereas sleeves do guide your 
revision implant into a set position, cones can be 
placed in a position which allows for best stabili-
zation of a compromised bone stock and the revi-
sion implant can be adjusted independently.

Cones should be implanted using cone impac-
tors once the host bone has been cleaned by pul-
satile lavage. A stable press fit should be achieved. 
If close contact to the host bone cannot be 
achieved in the whole circumference of the cone, 
it is strongly suggested to use bone graft to fill the 
defects which can be harvested during surgery 
using different techniques. The revision implants 
should then be implanted and bone cement should 
fill the void between the cone and the implant in 
order to avoid any metal contact between the two 
devices.

43.4  Removal of Cones

Revising a well-fixed revision knee implant 
where metaphyseal cone fixation was used is rare 
but might happen in case of infection, malalign-
ment, or mechanical instability as well as in case 
of periprosthetic fractures [12].

Aseptic loosening of a cone in my experience 
only happens, if there is interference of bone 
cement between the cone and the bone and the 
cone was never fully integrated from the 
 beginning or if there is no sufficient bone-cone 
contact.

Most cones are not easily accessible for 
removal on either the tibia nor the femur. They 
are almost always covered by bone which makes 
them hard to remove, especially if the revision 

components are well fixed. In general, it is rec-
ommended to disassemble the modular implant 
from the bone cement and the remaining stem, if 
present and leave the cone in place. In that way, 
it is easier to gain access to the cone from above. 
Small flexible osteotomes or oscillating saws as 
well as burrs can then be used to facilitate the 
disruption between the cone and the bone. 
Sometimes, it is necessary to use rigid osteo-
tomes and chisels to split the cones in parts and 
remove them stepwise, if exposure is difficult. If 
revision implants cannot be disassembled or in 
cases of monobloc implants that are well fixed 
to cones, an osteotomy of the distal femur or 
proximal tibia can be performed to gain access 
to the cone. Osteotomies should be performed 
using a small oscillating saw blade in order to 
minimize the damage to the bone as much as 
possible. If cortical bone needs to be removed, it 
should be kept for later fixation. Great care and 
patience are required to remove a well-fixed 
cone in order to protect the remaining bone 
stock and prevent any major damage.

43.5  Discussion

There is now significant evidence in the literature 
that shows that the use of cones in knee revision 
arthroplasty provides excellent results in the 
short- to midterm range [17–29].

Bonanzinga et al. in 2018 reviewed the current 
literature using various databases and found 16 
papers all together, mostly case series. In those 
papers, 442 patients were treated using 447 
implants and 523 TM cones with an average f/u 
of 42 months. AORI classification of the bone 
defects included 115 type 2B and 155 type 3 
defects. Interestingly enough, 30.4% of those 
included septic revisions. In 13 cases, intraopera-
tive fractures occurred upon impaction of the 
cones. The overall infection rate was 7.38% with 
0.99% for aseptic procedures. Of all these cases, 
only 13 required re-revision, and in those 13 
cases, only 2 cones could be found that were 
loose [30].
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Girerd et al. in 2016 reported on a case series 
of 51 patients and 52 revisions with a minimum 
f/u of 24 months up to 52 months, where cones 
had been used. Radiographic evaluation of these 
cones showed no signs of loosening or mechani-
cal failure in all of these cases, no matter if hinged 
or condylar constraint revision components had 
been used [31].

Cottino et al. in 2016 reported on 16 case stud-
ies from 2003 up to 2015 with 485 cases mostly 
with type 2 and 3 defects showing good and 
excellent results in most of the cases. He con-
cluded porous tantalum cones were of paramount 
importance in knee revision surgery showing 
excellent structural support and defect filling 
characteristics [10].

In a recent publication of 2019, Panda et  al. 
(2018) reported on a series of 79 cases with bone 
defects either in primary or in revision cases 
where cones had been used. Minimum follow-up 
was 2 years; average follow-up was 6.6 years. 
There were no mechanical failures of the cones in 
any of these cases but radiolucent lines were 
noted in seven patients; however, those were 
without progression and all of the cones were 
considered to be osseointegrated [15].

Little has been said in those studies about the 
use and type of stems with cones. It is therefore 
unclear, if the use of stems can be modified if 
metaphyseal fixation using a cone is present. In 
a cadaveric study, Meijer et al. in 2017 looked at 
the stability and strain distribution of tibial pla-
teau reconstruction if a tibial revision component 
with a cone were used with and without a stem 
in type 2 B bone defects. They found that there 
was a higher varus tilt in those tibial components 
where no stem had been used but did not con-
sider this as clinically relevant. No differences in 
rotation or translation were seen and the authors 
therefore suggested that the use of stems was 
not necessary. They cemented their cones into 
the host bone however, which is a significantly 
different technique than the technique that is 
regularly used when applying cones to host bone 
in vivo [32]. Lachiewicz in 2015 reported on 54 

patients (58 cases) where a 30 mm fully cemented 
stem extension was used. In ten of these cases, 
a cone was required. No failure was reported in 
any of these cases and the author suggested that 
a 30-mm stem extension if fully cemented might 
provide sufficient fixation even in cases with type 
3 defects and when higher constraint inserts are 
used. The role of cones in this study is not clearly 
described and the number where cones are used 
is rather low [33].

Up until today to the authors` knowledge, 
there is no sufficient clinical evidence available 
that show similar outcomes of those constructs 
with and without stems which is why we prefer to 
use stemmed components in all of our revision 
cases when we use cones on the femoral or tibial 
side.

43.6  Pictorial Case Studies 
(Figs. 43.9, 43.10, 43.11, 43.12, 
43.13, and 43.14)

Fig. 43.9 Medium tibial and diaphyseal femoral cone 
shown in situ for treatment of bone defect (type 2 on tibial 
side, types 2–3 on femoral side according to AORI clas-
sification). Cones should be used according to the type 
and amount of bone loss. Good contact between cone and 
host bone should be achieved wherever possible
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Fig. 43.10 Large tibial cones can be used for segmental 
defects, in order to carry the revision implant. As much 
contact to the host bone should be attained in order to sup-
port the osteointegration and rotational stability

Fig. 43.11 Morselized bone graft should be used in 
order to fill bone defects between the cone and the host 
bone

Fig. 43.12 Cones can be used according to the shape of 
the bone defect. In this case, a diaphyseal femoral cone 
was used on the tibial side due to better fit and fill in the 
bone in a situation where concomitant tibial tubercle oste-
otomy had been performed for elevation of the patella

Fig. 43.13 Use of a large tibial cone to support rotational 
stability in a case with megaprosthesis where a tubercle oste-
otomy had been performed to remove the old implant. Cones 
can also be used to raise joint lines in these situations
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43.7  Case Examples

Case 1:
A 59-year-old male patient presented at our insti-
tution complaining about pain in his left knee 12 
years after the index surgery and 7 years after he 
had had revision of the femoral component. The 
reason for this was unknown to the patient. His 
preoperative range of motion was 0–105° for 
extension–flexion, and he showed slight limping 
on his left leg. Comorbidities included arterial 
hypertension and second-degree renal insuffi-
ciency; his BMI was 27. He was very active in 
sports and kept on cycling about 100  km/week 
even though he was not happy with his left knee. 
In recent months, he had observed an increasing 
amount of effusion and swelling in his left knee 
along with some pain when walking. His walking 
distance had therefore decreased over time to less 
than 2 km. There was no real pain upon weight 
bearing in his left knee.

There were no clinical signs of infection. 
Aspiration of his left knee was performed and 
cultures as well as cell count came back negative. 
The knee was swollen, and there was effusion in 
his knee.

Radiographs showed a well-aligned total knee 
arthroplasty. On closer look however, significant 
osteolysis could be seen underneath the tibial 
plateau (Fig. 43.15).

Surgery was performed. Underneath the 
cementless tibial plateau, there was gross osteol-
ysis, all components well fixed, however. After 
debridement of the tibia, cavitary defects were 
present, type 2 according to the AORI classifica-
tion (Fig. 43.16).

Due to the bone defect on the tibial side, it was 
decided that a combination of bone graft and 
cone should be used in order to fill the defects 
and increase rotational stability.

Morselized allograft was impacted into 
smaller cavities of the proximal tibia (Fig. 43.17).

A cone was then placed in the center of the 
defect; good contact between host bone, allograft, 
and the cone could be achieved (Figs. 43.18 and 
43.19).

In order to restore the joint line, the cone was 
implanted in a slightly prone position to the prox-
imal tibia, supporting an elevation of the tibial 
component. Postoperatively, the patient did fine. 
Partial weight bearing was commenced immedi-
ately after surgery for a period of 4 weeks and 
increased by 10 kg/week thereafter (Fig. 43.20).

Case 2:
A 64-year-old male patient presented at our hos-
pital complaining about pain in his left knee. He 
had had primary knee replacement performed 18 
years ago that had been revised 4 years ago. The 
patient now complained of persisting pain upon 
weight bearing with limited range of motion. 
Walking distance was about 20–30  min, and 
thereafter, pain was so excruciating that the 
patient was forced to stop and rest for several 
minutes. He also complained about stiffness in 
his knee. His wound healing and postoperative 
course after revision knee surgery had been 
uneventful and he had been quite happy initially 
with his new revision prosthesis. Problems started 
around 2.5 years after his revision surgery. There 
had been a reduction of ROM since then with 
now being 0–5–75° for extension/flexion and 
pain upon weight bearing had increased at the 
same time. But range of motion had never been 

Fig. 43.14 Revision of failed revision knee arthroplasty 
to a fusion nail: a metaphyseal femoral cone was used to 
provide metaphyseal fixation for the femoral component 
of the fusion nail in case of large bone loss
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good after the revision surgery, and the patient 
had suffered from limitations due to that. His 
BMI was 38. There were several comorbidities 
present like arterial hypertension, diabetes, and 
COPD. Again, infection was ruled out using the 
same routine approach as we always do in our 
institution. Radiographs showed a condylar con-
straint type of revision implant with fully 
cemented stem extensions (Fig. 43.21).

Upon closer inspection of the radiographs, it 
was clear that the cemented stem on the tibial 
side was loose and revision was indicated 
(Fig. 43.22).

It was decided to recut the bone and remove 
all the sclerotic parts on the tibial and femoral 
side. The preoperative plan was to also change 
the level of constraint and downsize the femoral 
component in order to allow for better range of 
motion (Figs. 43.23, 43.24, 43.25, and 43.26).

Case 3:
A 59-year-old male patient had osteoarthritis of 
both knees with severe pain and had bilateral 
TKR in 2008 at another institution. The patient 
did well thereafter and was very active, hiking 
and running 3–5 times per week as well as travel-
ling frequently to multiple countries around the 
world being a consultant to an international com-
pany. He presented for a clinical follow-up 1 year 
after surgery, doing very well, and was happy 
with the result with a range of motion of 0–125° 
in both knees (Fig. 43.27).

The patient then did not show for several 
years.

Eight years after his last visit, the patient came 
for follow-up and complained about pain in both 
knees although they still showed good range of 
motion with 0–120° on both sides. On clinical 
examination, both knees presented with slight 

Fig. 43.15 Seemingly, well-aligned knee prosthesis 7 years after revision knee surgery. Enlargement of the radiograph 
showed eminent osteolysis underneath the tibial plateau
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Fig. 43.16 Bone loss on the tibial side after extraction of 
the components and debridement of the bone

Fig. 43.17 Allograft is used to fill the defects

Fig. 43.18 TM cone place in host bone and bone graft

Fig. 43.19 Showing the cone in situ, along with a trial 
tibial component slightly prone to the cortical bone of the 
proximal tibia in order to elevate the joint line

43 Managing Bone Defects in Revision TKR: Concept and Use of Tantalum Cones



590

Fig. 43.20 Postoperative radiographs, showing stemmed 
revision component with tibial cone in situ. PS insert 
could be used due to good reconstruction of the biome-
chanics and intact collateral ligaments. Osteolytic zones 
filled with bone graft and cones

Fig. 43.21 CCK type of revision implant with fully cemented stems. Tibial augments used for restoration of joint line

Fig. 43.22 After removal of implants: cavitary defects 
with sclerotic bone on the tibial side
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a b c

Fig. 43.23 (a) Sizing the tibial cone using a trial. Sclerotic bone was removed in order to create good cone-host bone 
contact. (b) Trial cone in place. (c) Original cone in place on the tibial side

a b c

Fig. 43.24 (a) Cavitary defect on the femoral side, once 
all the debris and sclerotic bone had been removed. It was 
decided to use a cone also on the femoral side to increase 

stability. (b) Broaching of the femoral cone using intra-
medullary guidance with stem adapter and extension. (c) 
Trial cone impacted using impaction instrument

swelling and slight laxity of the collateral liga-
ments. The patient did not suffer from any insta-
bility. Radiographs showed subsidence of both 
tibial components into varus with loosening of 
the component (Fig. 43.28).

Pain increased and revision knee surgery was 
recommended. Both knees were revised within 

an interval of 6 weeks. Short, fully cemented 
stubby stems were used along with tibial cones to 
improve metaphyseal fixation. The postoperative 
course was uneventful, and the patient was 
 discharged within a week after each surgery 
(Fig. 43.29).
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Fig. 43.25 Original cone in place

Fig. 43.26 Postoperative 
radiograph showing a 
fully constrained implant 
with cones. A shorter 
stem could be used on the 
tibial side due to 
metaphyseal fixation. The 
patient did well after 
revision and was 
discharged 1 week after 
surgery with a ROM of 
0–105°
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Fig. 43.27 AP and lateral views of bilateral TKR 1 year after index surgery. Patient doing very well

Fig. 43.28 Both knee replacements showing signs of tibial subsidence into progressive varus position 9 years after 
index surgery

43 Managing Bone Defects in Revision TKR: Concept and Use of Tantalum Cones



594

References

 1. Kurtz S, Ong K, Lau E, Mowat F, Halpern 
M. Projections of primary and revision hip and knee 
arthroplasty in the United States from 2005 to 2030. J 
Bone Jt Surg Am. 2007;89(4):780–5.

 2. Patel A, Pavlou G, Mújica-Mota RE, Toms 
AD.  The epidemiology of revision total knee and 
hip arthroplasty in England and Wales: a compara-
tive analysis with projections for the United States. 
A study using the National Joint Registry dataset. 
Bone Joint J. 2015;97-B(8):1076–81. https://doi.
org/10.1302/0301- 620X.97B8.35170.

 3. Mulhall KJ, Ghomrawi HM, Engh GA, Clark CR, 
Lotke P, Saleh KJ. Radiographic prediction of intra-
operative bone loss in knee arthroplasty revision. Clin 
Orthop Relat Res. 2006;446:51–8.

 4. Engh GA, Ammeen DJ.  Bone loss with revision 
total knee arthroplasty: defect classification and 
alternatives for reconstruction. Instr Course Lect. 
1999;48:167–75.

 5. Morgan-Jones R, Oussedik SIS, Graichen H, Haddad 
FS. Zonal fixation in revision total knee arthroplasty. 
Bone Joint J. 2015;97-B:147–9.

 6. Bobyn JD, Stackpool GJ, Hacking SA, Tanzer M, 
Krygier JJ.  Characteristics of bone ingrowth and 
interface mechanics of a new porous tantalum bioma-
terial. J Bone Jt Surg Br. 1999;81(5):907–14.

 7. Schildhauer TA, Robie B, Muhr G, Köller M. Bacterial 
adherence to tantalum versus commonly used ortho-

pedic metallic implant materials. J Orthop Trauma. 
2006;20(7):476–84.

 8. Schildhauer TA, Peter E, Muhr G, Köller 
M. Activation of human leukocytes on tantalum tra-
becular metal in comparison to commonly used ortho-
pedic metal implant materials. J Biomed Mater Res A. 
2009;88(2):332–41.

 9. Cohen R.  A porous tantalum trabecular metal: 
basic science. Am J Orthoped (Belle Mead, N.J.). 
2002;31:216–7.

 10. Cottino U, Rosso F, Dettoni F, Bruzzone M, Bonasia 
DE, Rossi R.  Treatment of bone losses in revision 
total hip and knee arthroplasty using trabecular metal: 
current literature. J Nanomater. 2016; Article ID 
8673974, 1–12.

 11. Jensen CL, Petersen MM, Schroder HM, Flivik G, 
Lund B.  Revision total knee arthroplasty with the 
use of trabecular metal cones: a randomized radio-
stereometric analysis with 2 years of follow-up. J 
Arthroplasty. 2012;27(10):1820–6.

 12. Scully WF, Deren ME, Sultan AA, Samuel LT, 
Nageotte W, Mollory RM, Krebs VE.  Removal of 
well-fixed tibial cone in revision knee arthroplasty-a 
uniquely challenging yet necessary scenario. J Knee 
Surg. 2019; https://doi.org/10.1055/s- 0039- 1700572. 
Epub ahead of print.

 13. Lachiewicz PF, Watters TS.  Porous metal metaphy-
seal cones for severe bone loss: when only metal will 
do. Bone Joint J. 2014;96-B(11 Suppl A):118–21.

 14. Matteo F, Amendola L, Rossana F, Pipino G, Tigano 
D. Revision total knee arthroplasty: experience with 

Fig. 43.29 Both knees revised to revision implants with tibial cone and fully cemented stubby stems using PS inserts

W. Klauser and J. Löwe

https://doi.org/10.1302/0301-620X.97B8.35170
https://doi.org/10.1302/0301-620X.97B8.35170
https://doi.org/10.1055/s-0039-1700572


595

tantalum cones in severe bone loss. Eur Orthop 
Traumatol. 2013;4:131–6.

 15. Panda I, Wakde O, Singh H, Rajgopal A. Management 
of large bone defects around the knee using porous 
tantalum trabecular metal cones during complex 
primary and revision total knee arthroplasty. Semin 
Arthroplasty. 2018;29:265–71.

 16. Haidukewych GJ, Hanssen AD, Jones 
RD.  Metaphyseal fixation in revision total knee 
arthroplasty: indications and techniques. J Am Acad 
Orthop Surg. 2011;19(6):311–8.

 17. Bohl DD, Brown NM, McDowell MA, Levine BR, 
Sporer SM, Paprosky WG, Della Valle CJ. Do porous 
tantalum metaphyseal cones improve outcomes in 
revision total knee arthroplasty? J Arthroplasty. 
2017;33(1):171–7.

 18. Boureau F, Putman S, Arnould A, Dereudre G, Migaud 
H, Pasquier G.  Tantalum cones and bone defects in 
revision total knee arthroplasty. Orthop Traumatol 
Surg Res. 2015;101(2):251–5.

 19. De Martino I, de Santis V, Sculco PK, D’Apolito R, 
Assini JB, Gasparini G. Tantalum cones provide dura-
ble mid-term fixation in revision TKA. Clin Orthop 
Relat Res. 2015;473:3176–82.

 20. Derome P, Sternheim A, Backstein D, Malo 
M.  Treatment of large bone defects with trabecu-
lar metal cones in revision total knee arthroplasty: 
short term clinical and radiographic outcomes. J 
Arthroplasty. 2014;29:122–6.

 21. Divano S, Cavagnaro L, Sanirato A, Basso M, Felli 
L, Formica M. Porous metal cones: gold standard for 
massive bone loss in complex revision knee arthro-
plasty? A systematic review of current literature. 
Arch Orthopaed Trauma Surg. 2017; https://doi.
org/10.1007/s00402- 018- 2936- 7.

 22. Howard JL, Kudera L, Lewallen DG, Hanssen 
AD. Early results of the use of tantalum femoral cones 
for revision total knee arthroplasty. J Bone Joint Surg 
Am. 2011;93:478–84.

 23. Jensen CL, Winther N, Schroder HM, Petersen 
MM.  Outcome of revision total knee arthroplasty 
with the use of trabecular metal cone for reconstruc-
tion of severe bone loss at the proximal tibia. Knee. 
2014;21:1233–7.

 24. Kamath AF, Lewallen DG, Hanssen AD. Porous tan-
talum metaphyseal cones for severe tibial bone loss in 

revision knee arthroplasty: a five to nine-year follow-
 up. J Bone Joint Surg Am. 2015;97(3):216–23.

 25. Potter GD III, Abdel MP, Lewallen DG, Hanssen 
AD.  Midterm results of porous tantalum femoral 
cones in revision total knee arthroplasty. J Bone Joint 
Surg Am. 2016;98(15):1286–91.

 26. Meneghini RM, Lewallen DG, Hanssen AD. Use of 
porous tantalum metaphyseal cones for severe tibial 
bone loss during revision total knee replacement. J 
Bone Joint Surg Am. 2008;90:78–84.

 27. Rao BM, Kamal TT, Vafaye J, Moss M.  Tantalum 
cones for major osteolysis in revision knee replace-
ment. Bone Joint J. 2013;95:1069–74.

 28. Schmitz HC, Klauser W, Citak M, Al-Khateeb H, 
Gehrke T, Kendoff D.  Three year follow up utiliz-
ing tantal cones in revision total knee arthroplasty. J 
Arthroplasty. 2013;28:1556–60.

 29. Villanueva-Martinez M, De la Torre-Escudero B, 
Rojo-Manaute JM, Rios-Luna A, Chana-Rodriguez 
F. Tantalum cones in revision total knee arthroplasty. 
A promising short term result with 29 cones in 21 
patients. J Arthroplasty. 2013;28:988–93.

 30. Bonanzinga T, Gehrke T, Zahar A, Zaffagnini S, 
Marcacci M, Haasper C. Are trabecular metal cones a 
valid option to treat metaphyseal bone defects in com-
plex primary and revision knee arthroplasty? Joints. 
2018;6:58–64.

 31. Girerd D, Parratte S, Lunebourg A, Boureau F, 
Ollivier M, Pasquiker G, Putman S, Migaud H, 
Argenson JN.  Roral knee arthroplasty revision with 
trabecular tantalum cones: preliminary retrospective 
study of 51 patients from two centres with a mini-
mal 2 year follow-up. Ortho Traumatolog Surg Res. 
2016;101(2):251–5.

 32. Meijer M, Boerboom AL, Stevens M, Reininga IHF, 
Janssen DW, Verdonschot N, Bulstra SK. Tibial com-
ponent with and without stem extension in a trabecu-
lar metal cone construct. Knee Surg Sports Traumatol 
Arthrosc. 2017;25(11):3644–52.

 33. Lachiewicz PF, Soileau ES. A 30-mm cemented stem 
extension provides adequate fixation of the tibial 
component in revision knee arthroplasty. Clin Orthop 
Relat Res. 2015;473(1):185–9.

43 Managing Bone Defects in Revision TKR: Concept and Use of Tantalum Cones

https://doi.org/10.1007/s00402-018-2936-7
https://doi.org/10.1007/s00402-018-2936-7


597© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 
M. Sharma (ed.), Knee Arthroplasty, https://doi.org/10.1007/978-981-16-8591-0_44

Gap Balancing in Revision Total 
Knee Arthroplasty

A. B. Suhas Masilamani, Adarsh Annapareddy, 
and A. V. Gurava Reddy

44.1  Introduction

Obtaining optimum gap balance, restoration of 
joint line, and a mechanically well-aligned knee 
are the core fundamental principles of revision 
total knee arthroplasty, which though very simi-
lar to a primary total knee, are more challenging 
to achieve surgically because of the distorted 
anatomy. Optimum gap balance refers to both 
coronal plane varus–valgus stability and equal-
ization of flexion–extension gaps in the sagittal 
plane. Using a standard algorithmic approach to 
balancing these gaps ensures both better clinical 
outcome and longevity of the implants while 
avoiding a higher level of constraint.

Going into surgery knowing the reason for the 
failure of the primary knee and the existing insta-
bility pattern will give us a good understanding of 
how we can address the problem intraoperatively. 
This is established through a comprehensive 
workup including history, clinical assessment of 
the limb both before and after anesthesia. Given 
below are five types of instability patterns that 
can exist in a failed primary TKA and need to be 
determined [1]. The recognized pattern of insta-
bility might alter intraoperatively after removal 
of the implants due to inadvertent bone loss:

 1. Symmetric flexion instability
 2. Asymmetric flexion instability
 3. Symmetric extension instability
 4. Asymmetric extension instability
 5. Global Instability

Gap Balancing in revision TKA is a stepwise 
approach, which has stood the test of time. 
Balancing the knee, restoring the joint line, and 
selecting the level of constraint are not mutually 
exclusive entities and need to be constantly 
addressed during various steps of surgery. The 
goal is to create a rectangular symmetric M–L 
gap throughout the range of motion and a match-
ing flexion–extension gap before implantation. 
These steps have been described below and we 
highly recommend you to adhere to them to 
achieve consistent results.

44.2  Steps in the Management 
of Gaps in Revision TKA

 1. Intraoperative assessment of gaps and liga-
ment stability

 2. Medial–lateral soft tissue balancing
 3. Establishing a tibial base
 4. Flexion gap balancing
 5. Match Extension gap to Flexion gap and 

Restoration of Joint line

The whole operation can be summarized in 
five important steps. The first two preliminary 
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steps include estimation of the gaps and correc-
tion of M–L discrepancy. This is followed by the 
actual steps of gap balancing namely, establish-
ing a stable tibial platform, flexion gap being 
addressed first followed by the extension gap, 
while maintaining the joint line [2]. Certain gen-
eralizations need to be understood by the  surgeon, 
which will help during the surgical procedure:

• Anything done on the tibial side affects both 
flexion and extension gaps.

• If you want to effect change only in flexion 
space work on the posterior aspect of the fem-
oral condyles.

• Changes to the distal femur, affect joint line 
and extension gap independent of the flexion 
space.

• Increasing or decreasing the thickness of the 
poly insert might cause a favorable change in 
one gap with a corresponding negative effect 
in the other.

44.2.1  Intraoperative Assessment 
of Gaps and Ligament 
Stability

As mentioned in the previous chapters care must 
be taken to make sure minimal bone loss occurs 
while removal of the components. This goes a 
long way in terms of bone conservation. Once 
components are removed the first thing to be 
done is to get an estimate of the gaps. This can be 

done with the help of spacer blocks. Most implant 
manufacturers have spacer blocks or gap assess-
ment tools to measure the gaps (Fig. 44.1). Gap 
assessment in extension is done with the limb in 
slight flexion in order to relax the posterior cap-
sule. Flexion–extension mismatch per se along 
with M–L asymmetry in both the gaps should be 
noted.

The most common scenario is usually, the 
flexion gap being more than extension along with 
lateral laxity and medial tightness in both flexion 
and extension (Fig. 44.2). Identifying the under-
lying reason for the respective pattern of instabil-
ity is crucial. Under sizing of the femoral 
component, increased tibial slope secondary to 
excessive tibial cut or osteolysis caused by dig-
ging of tibial baseplate posteriorly, inadvertent 
removal of bone from the posterior condyles of 
the femur, or rupture of the posterior cruciate 
ligament (PCL) in a cruciate-retaining (CR) knee 
are some of the causes for a larger flexion gap 
compared to an extension [1].

Asymmetric instability in extension usually 
results from under or overcorrection of the con-
cave side of the deformity, asymmetric bone cuts, 
intraoperative ligament injury, or fatigue failure 
of the ligaments post TKA. Similarly, asymmet-
ric instability in flexion is a result of an error in 
ligament balancing or internal rotation of the 
femoral component [3]. It is not uncommon to 
see other possible combinations during gap 
assessment, subject to bone loss, and ligament 
instability. This is the reason one should be ready 

a b

Fig. 44.1 Gap assessment using spacer blocks in extension (a) and flexion (b)
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with all the levels of constraint when you go in 
for surgery.

44.2.2  Medial–Lateral Soft Tissue 
Balancing

Obtaining symmetric tension in the medial and 
lateral collateral ligaments in both flexion and 
extension is important, as it influences the flex-
ion–extension gap balancing. Ideally, M–L soft 
tissue balancing should be done before flexion–
extension gap balancing. Based on the assess-
ment of gaps done in the previous step the 
discrepancy in the coronal plane should be 
corrected.

The usual strategy is to release the structures 
on the contracted side or plicate, advance, or 
reconstruct the lax ligaments on the opposite 
side. Medial tightness can be addressed similar to 
a primary TKA, with reduction osteotomy, the 
release of the deep medial collateral ligament 
(MCL), semimembranosus tendon, posterior 
capsule being the most commonly performed 
steps. Pie crusting of the superficial MCL and pes 
anserinus tendon release are usually used as a last 
resort [4–6]. The superficial MCL is the most 
important structure whose integrity is of para-
mount importance and should be maintained dur-
ing the procedure in order to use the least possible 
constraint.

Laterally the iliotibial band is released if there 
is isolated tightness in extension, posterolateral 
capsule, and lateral collateral ligament are 
addressed if the tightness is in both flexion and 
extension [7]. The popliteal tendon is a stabilizer 
in flexion and should be preserved as far as pos-
sible. Advancement and reconstruction of the lax 
ligaments is a more complicated and technically 
demanding procedure compared to releases. We 
suggest in cases of medial or lateral collateral 
ligament laxity it makes more sense to increase 
the level of constraint instead of trying to recon-
struct and strengthen the lax ligaments. Once the 
ligaments are balanced we can proceed with the 
rest of the steps.

44.2.3  Creating a Stable Tibial 
Platform

Establishing a stable tibial platform that is at 90° 
to the mechanical axis of the tibia while conserv-
ing as much bone as possible is the cornerstone 
for a revision TKA.  The tibial cut should be a 
minimum of 1–2 mm made using the oscillating 
saw to essentially make the surface flat enough 
for the base plate to be seated. Care must be taken 
that the cut has to be made at 90° to the mechani-
cal axis, this is achieved with the help of intra-
medullary or extramedullary gigs. This is also 
important because sometimes the femoral rota-
tion due to lack of bony landmarks on the femo-
ral side is decided by referencing from the tibial 
cut.

In situations of bone loss, contained defects 
are usually filled with morselized bone graft or 
cement. Uncontained defects might not allow 
good epiphyseal fixation of the tibial base, in 
such cases, we rely on metaphyseal and diaphy-
seal fixation to gain stability. Asymmetric bone 
loss in one condyle can be addressed with aug-
ments, if it is deeper, not amenable to augments, 
sleeves or cones is the answer. Further fixation in 
the diaphyseal region can be obtained with intra-
medullary stems, choice between press-fit or 
cemented stems is beyond the scope of this chap-
ter. As the tibia is prepared be wary of the tibial 

Fig. 44.2 Flexion gap is usually more than extension 
gap. Notice the use of an additional shim for flexion space
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component rotation and make sure you are exter-
nally rotated.

44.2.4  Flexion Gap

The main goal is to restore the tension in the col-
lateral ligaments at 90° of flexion.

Three main aspects of flexion gap restoration 
are:

• Size of the femoral component
• Deciding the rotation of the femoral 

component
• Restoring the flexion space

The first step is to decide the size of the femur. 
Select the largest possible femur size, while 
ensuring that there is no mediolateral overhang. 
The AP cuts need to be made with the correct 
external rotation. In the absence of the Whiteside’s 
line and posterior condylar axis, we rely on the 
trans epicondylar axis and or the flat tibial sur-
face with ligaments under tension to achieve the 
appropriate external rotation of the femoral com-
ponent (Fig. 44.3). This is also important as the 
relatively larger box cuts in revision femurs 
should also be aligned in the correct external 
rotation. Use the 4-in-1 cutting block and the box 
cut jig to finish these steps.

Restoring the flexion space can be done in the 
following ways:

 1. Posteriorize the femur component (effects 
only flexion gap)

 2. Posterior augments (effects only flexion gap)
 3. The thickness of the poly insert (affects flex-

ion and extension gap)

The interplay between femoral component 
sizing +/− posterior augments and thickness of 
the tibial poly insert can make up the flexion 
space. The flexion–extension gap mismatch will 
help us decide how to proceed, in a given patient. 
The most common scenario is a loose flexion gap 
compared to extension, since the tibial poly insert 
influences both the flexion–extension space, con-
sider using a poly thickness that is appropriate for 
the extension gap without causing any flexion 
deformity (FD). The same poly thickness will fill 
up the flexion gap to some extent, beyond which 
any further deficit can be managed by posterior-
izing the femoral component and or by adding 
posterior augments to the femoral component 
(Fig. 44.4). The extent to which you can posteri-
orize the femur and in what sizes the posterior 
augments are available is based on which revi-
sion system is being used and that knowledge is 
essential while performing the surgery.

44.2.5  Extension Gap 
and Restoration of Joint Line

The final step in gap balancing is the recreation 
of the extension space along with the assessment 
and restoration of the joint line in extension. 
Elevation of the joint line has a negative impact 
on the kinematics of the knee, knee ROM, patel-
lar function and can cause mid-flexion instability 
between 30 and 45° of flexion, hence should be 
avoided at all costs [8, 9]. Measuring from the 
medial or the lateral epicondyle of the femur is 
standard practice and can be quantified using a 
measuring ruler. Cadaveric studies have shown 
the joint line is at a mean distance of 3.08  cm 
below the medial epicondyle and 2.53 cm below 
the lateral epicondyle [10]. Other landmarks like 

Fig. 44.3 The AP cutting gig is aligned parallel tibial 
base plate for rotational alignment of the femur
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the head of the fibula which is difficult to access, 
the inferior pole of the patella which can vary 
due to patellar scarring, patella Baja, or Alta, are 
less reliable. With the flexion gap balanced, we 
have three possibilities for the extension space, 
equal to flexion, more than flexion or less than 
flexion gap. If the extension space is more, and 
we know how far down the joint line is from the 
cut bony surface, distal augments can be used to 
distalize the joint line. The ruler is once again 
used to confirm the same after the trial compo-
nents are placed (Fig.  44.5). If there is FD in 
extension with the trials in place, then either 
attempt posterior capsular release or go for an 
additional distal femur cut if you need a bigger 
correction.

Here in Table 44.1 is a comprehensive 3 × 3 
grid that gives us options for all nine flexion–
extension gaps combinations. By employing 
these steps and balancing the flexion gap first, we 
can reduce the number of possibilities to just 

three in the extension gap, thus simplifying the 
procedure [11].

44.3  Assessment Done Once 
the Trials Are in Place 
to Confirm the Stability 
of the Knee

Once the gaps have been balanced and the trials 
are in place we need to confirm the stability of the 
knee has been achieved.

 1. The limb when extended should be in a neu-
tral position without any flexion deformity or 
hyperextension.

 2. M–L stability in extension—This should be 
tested with the posterior capsule relaxed (15° 
of flexion). 1–2 mm of medial or lateral open-
ing is acceptable provided we have a firm 
endpoint.

Fig. 44.4 By moving the station of the femur down from 0 to −2  mm and adding 4  mm posterior augment, we 
decreased the flexion gap by 6 mm

a b

Fig. 44.5 (a) Shows the ideal location of the joint line to be 25 mm from the lateral epicondyle. (b) Shows restoration 
of the joint line with the trials in place
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 3. Patellar tracking—Appropriate tracking of 
the patella in the femoral groove with good 
ROM

 4. AP and M–L stability in flexion—done usu-
ally with the patella subluxed to avoid false 
interpretation of stability due to a contracted 
quadriceps, Pull out and lift off (POLO) test 
needs to be performed [12].

 5. Restoration of the joint line—At 30° of flex-
ion the lower pole of the patella is approxi-
mately one fingerbreadth above the anatomic 
joint line.

44.4  Approach to a Situation 
Where Gaps Cannot 
Be Balanced

Many times the gaps cannot be balanced due to 
various reasons

 1. Loss of ligament integrity
 2. Extreme bone loss
 3. Neurological issues

In the event of the inability to balance the 
gaps, we have to increase the level of constraint. 

For coronal instability constrained condylar is a 
viable option [13]. For large flexion gaps which 
cannot be balanced and persistent hyperextension 
hinged knee replacement will help you attain sta-
bility [13, 14]. Neurologically induced recurva-
tum is a challenging problem where a firm 
endpoint cannot be met, in cases like these 
arthrodesis could be the last resort [15].

44.5  Summary

• Obtaining optimum gap balance is one of the 
core fundamental principles of revision 
TKA.

• Following standard algorithmic surgical steps 
ensures optimal gap balancing which trans-
lates into better clinical outcomes and 
 longevity of the implants, while avoiding a 
higher level of constraint.

• Medial–lateral soft tissue balancing should be 
done before flexion–extension gaps are 
addressed.

• The order of steps include creating a stable 
tibial platform, followed by balancing the 
gaps first in flexion followed by extension

Table 44.1 Gap balancing options during revision total knee arthroplasty

Flexion 
space

Extension space
Tight Normal Loose

Tight 1.  Resect additional 
proximal part of tibia

2. Thinner insert

1.  Resect additional proximal part of 
tibia, distally augment femoral 
component

2. Downsize femoral component
3.  Shift femoral component anteriorly, 

may require offset stems
4. Increase tibia slope

1.  Resect additional proximal 
part of tibia, distally 
augment femoral 
component

2.  Downsize femoral 
component, augment 
distally

3.  Shift femoral component 
anteriorly, augment 
distally, may require offset 
stems

Normal 1.  Resect additional distal 
part of femur

2. Posterior capsule release

1.  Goal of revision surgery: balanced 
collateral ligaments

1.  Augment distal part of the 
femur

2.  Downsize femur + thicker 
insert

Loose 1.  Resect additional distal 
part of femur

2.  Upsize femoral 
component + posterior 
augments

3. Posterior capsule release

1. Use larger femoral component
2.  Shift femoral component posteriorly, 

may require offset stems
3. Additional distal cut + thicker insert

1.  Increase tibial 
polyethylene insert 
thickness

2.  Use tibial wedges to build 
up the tibia
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• Restoring the anatomic joint line and using the 
least possible constraint to obtain stability 
contribute to the success of TKA.
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Joint Line Restoration in Revision 
Total Knee Arthroplasty

Shekhar Aggarwal and Anuj Jain

45.1  Introduction

Restoration of joint line (JL) is considered impor-
tant in achieving good outcome after knee 
replacement [1–3]. The importance of joint line 
first came to everybody’s attention with Figgie 
et al. [4]. The role of joint line in revision total 
knee arthroplasty is still debated. Certain studies 
show inferior clinical results and functional per-
formance in knee in which joint line has not been 
restored while others have found no correlation 
between joint line elevation and clinical outcome. 
But a joint replacement surgeon should always 
aim for restoring joint line to anatomical position 
in primary and revision knee arthroplasty. In this 
chapter, we will be discussing significance of res-
toration of joint line along with tips to restore 
joint line during revision knee arthroplasty.

45.2  Landmarks for Defining 
Joint Line

Roughly, it is estimated that joint line is one fin-
gerbreadth below lower pole patella and one fin-
gerbreadth above fibular head. But to be more 
precise, following landmarks have been defined

 1. 2.5–3 cm distal to the medial femoral epicon-
dyle (Fig. 45.1a)

 2. 2–2.5 cm distal to the lateral femoral epicon-
dyle (Fig. 45.1b)

 3. Tibial tuberosity—2.2 cm (Fig. 45.1c)
 4. Old residual meniscus

45.3  Preoperative Planning

45.3.1  Assess Ligament Integrity

• Intact ligaments: standard prosthesis
• Deficient ligaments: hinged prosthesis.
• Ligament laxity: requires larger polyethylene 

inserts and resultant pseudo patella baja. Other 
alternative is to use a hinged prosthesis

45.3.2  Assess Preoperative Patellar 
Height (Radiograph 
of Contralateral Knee)

• If Patella baja
 – Surgeon should accept postoperative 

patella baja as any attempt to correct this 
will lead to alteration in tibiofemoral and 
patellofemoral kinematics.

 – Options:
If tibial tubercle osteotomy approach is 
used, then tibial tubercle proximaliza-
tion may be done
Inferior patella pole resection
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Proximalization of the patellar button
Distalization of the femoral joint line

• In cases of severe patella baja, rotating hinged 
prosthesis can be used. A smaller size femoral 
component can be placed more distally and 
the residual flexion extension balance can be 
closed by the hinge joint.

45.4  Surgical Technique

45.4.1  Exposure

Standard revision exposures can be used 
(Fig. 45.2). Most of the time Quadricep snip is 
sufficient to gain the desired exposure. In cases 
where tibial implant extraction is difficult, tibial 

tubercle osteotomy can be used which gives 
added advantage of tibial tubercle proximaliza-
tion to correct preoperative patella baja.

45.4.2  Implant Removal

Femoral and tibial component are removed. Care 
should be taken to minimize bone loss.

45.4.3  Establish the Tibial Platform

• Assess the tibial defects carefully (Fig. 45.3).
• Prepare the tibial surface using intramed-

ullary jig to achieve the correct alignment 
(Fig. 45.4)

2.5 

2.2

3 

a b

c

Fig. 45.1 (a) Showing distance of joint line from medial epicondyle. (b) Showing distance of joint line from lateral 
epicondyle. (c) Showing distance of joint line from tibial tuberosity medial epicondyle
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• Assess the need of metallic augment or tra-
becular metal augment to compensate for the 
bone defects and achieve stable platform for 
the implant to sit.

• Insert a tibial trial prosthesis with trial stems 
and augments (Fig. 45.5).

45.4.4  Reconstruct the Femur

• Anteroposterior sizing: Use AP sizing guide 
to measure AP dimensions of femur. Choose 
and insert the largest possible femoral compo-
nent (Fig.  45.6). Under sizing the femoral 

component should be avoided and posterior 
bone loss should be accounted for with aug-
ments, thereby restoring the joint line position 
and the posterior condylar offset.

• Use of stem is common in revision situations. 
If we use straight stem, because of anterolat-
eral bow of femur the straight stem engages 
over the bow and pull the implant anteriorly 
increasing the flexion space. To compensate 
for this increase in flexion space, we need to 
increase the extension space by increasing dis-
tal femur cut thus elevating joint line. This can 
be best managed by using offset femoral 
stems.

Fig. 45.2 Showing exposure of the knee with standard medial parapatellar approach
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• Ensure adequate rotation of femoral compo-
nent. Due to severe bone loss, assessment of 
rotation can be very difficult (Fig.  45.7). In 
most of the cases, transepicondylar axis is pre-
served which can guide the surgeon about the 
rotation of femoral component.

• Insert the trial component with femoral stem 
and measure medial epicondyle joint line dis-
tance as well as lateral epicondyle joint line 
distance (Fig. 45.8). Due to bone loss in femo-
ral condyle, surgeon has a tendency to proxi-
malize femoral component. This can be 
avoided by use of distal femur augments or 
trabecular metal inserts.

45.4.5  Insert Polyethylene Spacer

• Insert adequate size polyethylene to achieve 
knee stability. In case of a tight extension gap, 

it is advised to remove all posterior osteophytes 
before proximalizing femoral component.

45.4.6  Soft Tissue Balancing

• Check for varus and valgus instability
• Check for flexion and extension instability
• Check mid-flexion stability in 30° of flexion
• Check patellar tracking

45.5  How Much of Joint Line 
Elevation Can Be Accepted?

Reconstruction of the physiologic joint line has 
shown significantly better clinical results than 
those for knees without restoration of joint line. 
Many studies have shown that in more than 36% 
of all revision TKAs, the joint line remains ele-

Fig. 45.3 Showing massive tibial defects
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vated by more than 5 mm [5]. It is questionable 
how much joint line elevation can be accepted. 
Several studies in primary as well as revision 
TKA have shown statistically significantly lower 
outcome scores when a cut-off value of 4  mm 
joint line elevation is exceeded [6–8]. Babazadeh 
et  al. and Yang et  al. used, respectively, 2 and 
3 mm as cut-off point, and they did not find any 
difference between their groups [9, 10]. 
Therefore, the aim should be to restore the joint 
line to its native position and not to accept more 
than 4 mm of joint line elevation.

45.6  Discussion

Determination of JL: There are several methods 
available to determine JL position using plain 
radiographs. These methods typically use the dis-
tance between the JL and bony landmarks, such 
as the medial and lateral epicondyles, adductor 
tubercle, tibial tubercle, and fibular head tip [11–
13]. Laskin reported distance between medial 
epicondyle and distal femur joint surface is 
25  mm [5]. While Stiehl measured a 30.8-mm 
distance in cadaveric knees, Griffin et  al. mea-
sured 27.4  ±  2.5  mm, with 26.3  ±  2.5  mm for 
females and 29.3 ± 2.5 mm for males, in an MRI 
study [14, 15]. In a cadaver study in 2006, Mason 
et  al. [16] concluded that the distance between 
the medial epicondyle and the joint line with the 
knee in extension was the most reproducible: 
28.4 ± 3.5 mm.

Fig. 45.4 Showing intramedullary tibial cutting jig in 
situ with a transverse cut and a medial cutting wedge

Fig. 45.5 Showing tibial trial with stem extension and 
medial wedge augment
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The tibia joint line measured from the fibular 
head was distance of 10 ± 3 mm by Laskin [5]. 
Wyss measured 15.1  mm [17]. In his cadaver 
study, Mason et al. found it to be 27.4 ± 7 mm 
[16]. Similarly, Partington et  al. measured that 
the tibia joint line measured from the tibial tuber-
cle was 16 mm [18]. In his cadaver study, Mason 
et  al. reported a distance of 32.4 ± 7 mm [16]. 
Servien et  al. have shown that bony landmarks 

have to be relied upon to determine joint line 
intraoperatively [19]. Luyckx et  al. reported 
strong and significant linear correlation between 
distance from ATJL and center of knee with the 
femoral width [20].

Optimal knee kinematics after TKA require 
correct balance between the soft tissue and bony 
anatomy of the knee. Joint line elevation can 
occur when bone is lost from distal femur either 
due to primary replacement when too much bone 
is excised or during revision surgery when bone 
is damaged due to aseptic loosening, osteolysis, 
and migration of femoral component or damage 
to the distal femur during removal of the compo-
nent. Potential problems caused by elevation of 
the joint line include patellofemoral contact 
forces, patella infera, impingement of the patellar 
button and accelerated wear, mid-flexion laxity, 
weakness of quadriceps, anterior knee pain, and 
hyperextension instability [21].

Patellofemoral contact forces: Joint line eleva-
tion leads to increased patellofemoral contact 
forces. König et al. in their study showed that the 
patellofemoral joint was more affected than tibio-
femoral joint [22]. A joint line elevation of 10 mm 
caused an increase in patellofemoral joint contact 
force of 60% of the participant’s body weight 

Fig. 45.6 Showing femoral sizer. Take care to choose the 
largest size that fits as per mediolateral dimension of distal 
femur

ba

Fig. 45.7 (a, b) Showing marking of transepicondylar axis and the distal femur cutting block aligned along transepi-
condylar axis
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(BW) during stair climbing, and 30% BW during 
normal walking. Porteous and co-workers 
reported that patients with a joint line elevated by 
more than 5 mm had a lower Bristol Knee Score, 
a score that has a high sensitivity to pain levels 
[1]. A study by Figgie and co-workers showed 
that joint line elevation correlated with lower 
functional knee scores, patellofemoral pain, and 
the need for revision [4].

ROM and Functional Outcome: Joint line ele-
vation leads to patellar maltracking and decreased 
ROM. According to Chiu et al. elevation of joint 
line by 10 mm or more causes decrease in flexion 
of more than 25% [23]. Singerman et  al. [24] 
demonstrated that raising or lowering the joint 

line in revision TKA by more than 8 mm resulted 
in a decreased range of motion and lower modi-
fied Mayo Clinic knee scores [24]. In another 
study, elevation greater than 8  mm was associ-
ated with reduced mean Knee Society scores of 
141 vs 125 [18]. Mason et al. [16] showed a sig-
nificant difference in total Bristol knee scores and 
the functional component of the score when there 
was more than 5 mm elevation of the joint line. 
Although Scuderi and Insall suggest that eleva-
tion of the joint line by 10 mm has no significant 
clinical effect [25], and Partington et  al. [18] 
demonstrated only a marginal statistical signifi-
cance in clinical scores in a series of 99 revision 
TKA cases with more than 8 mm elevation of the 

dc

ba

Fig. 45.8 (a) Showing measurement of lateral epicon-
dyle joint line distance. (b) Showing measurement of 
medial epicondyle joint line distance. (c) and (d) Showing 

use of distal femur augment to distalize the femoral com-
ponent so as to maintain the joint line
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joint line, the overwhelming evidence points to 
the restoration of the joint line being important 
for a good clinical result.

Patellar Baja: Grelsamer differentiated 
between true patella baja, caused by shortening 
of the patella ligament, and pseudo patella baja, 
which is caused by joint line proximalization 
[26]. The Insall-Salvati ratio measures the true 
patellar height (length of the patella ligament). 
Patella baja can be detected from the Insall- 
Salvati ratio, whereas pseudo–patella baja can 
be detected more reliably from the Blackburne-
Peel index or Caton-Deschamps ratio. Han HS 
et  al. reported patella baja and pseudo-patella 
baja after RTKA were observed in 33 cases 
(19.9%) and 90 cases (54.2%), respectively. Of 
these 90 cases of pseudo-patella baja, 14 cases 
with femoral joint line elevation were able to be 
corrected [27].

Mid-flexion instability: In their cadaver study 
in 1990, Martin and Whiteside [28] found proxi-
mal and anterior displacement of the joint line 
(placing the femoral component 5  mm proxi-
mally and 5 mm anteriorly) gives normal tension 
in full extension and 90° of flexion, but can create 
abnormal laxity at intermediate angles. Distal 
and posterior displacement of the joint line gives 
the knee tendency to be stiff in mid-flexion, so 
too much distalization should be prevented in 
revision TKA.

45.7  Summary

Restoration of joint line is important in achieving 
optimum outcome after knee replacement. 
Surgeon should avoid tendency to elevate joint 
line by using appropriate augments and measur-
ing the joint line from medial and lateral femoral 
epicondyle and fibular head. However, it may not 
be always possible to restore joint line in cases of 
preoperative patella baja. Potential problems 
caused by elevation of the joint line include 
altered patellofemoral contact forces, impinge-
ment of the patellar button and accelerated wear, 
mid-flexion laxity, weakness of quadriceps, and 
hyperextension instability.
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Rotating Hinge Knee in Primary 
and Revision Knee Arthroplasty

Pradeep B. Bhosale, Pravin Uttam Jadhav, 
and Vijaysing Shankar Chandele

46.1  Introduction

With long-term success of TKA for long-term 
functional results, indications are getting 
extended for more complex situations in primary 
and revision conditions. Modern knee implants 
and better surgical techniques have progressively 
improved the predictability and longevity of 
results. More complex primary knee conditions 
like bony fused knee, stiff knee, neuropathic knee 
with gross instability, severe deformities com-
monly seen in severe rheumatoid arthritis, post- 
infective bone destruction and some complex 
intra-articular fractures may be treated more 
effectively and predictably with the modern rotat-
ing hinged knee (RHK) with more predictable 
outcome. Total knee arthroplasty done in revision 
scenarios, tumours etc. are challenging as there is 
associated bone loss, ligament deficiencies, insta-
bility in multiple planes of body, poor bone stock. 
Stable reconstruction achieving immediate intra 
operative stability is the primary aim of Total 
knee replacement in these cases as it improves 

functional outcomes of these patients. Achieving 
intraoperative stability helps in early mobiliza-
tion and weight bearing which improves bone 
remodelling and osteopenia associated with these 
cases. To improve longevity of implants, it is nec-
essary to restore normal biomechanics of knee as 
much as possible. Newer design changes have 
been accommodated in the modern design of 
total knee arthroplasty to achieve these goals.

46.2  Implant Design

Stability of a knee following total knee arthro-
plasty is provided by:

 1. Mechanical Stability: Inbuilt mechanism in 
knee implants to provide immediate and long-
time mechanical stability.

 2. Biological Stability: Strong bone platform to 
withstand three-dimensional stresses across 
implant bone interphase, preventing soft tis-
sue damage preservation of functional effi-
ciency of ligaments and muscles around knee 
joint using best surgical technique.

Constraint means limited motion between two 
objects of single unit. It depends on extrinsic fac-
tors such as soft tissues (Capsule, Ligaments and 
muscle pool) and intrinsic factors such as the 
design of the implant (Table 46.1).

As the level of constraint used in an implant 
rises, longevity of implant goes on decreasing 
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due to additional forces generated at bone implant 
interphase. Non-constraint implants are com-
monly used in primary knee arthroplasty scenar-
ios, while constraint implants are used in complex 
primary and revision arthroplasty scenarios.

46.2.1  Evolution of Hinge Knee 
Devices

Hinge implants have undergone various changes 
in its design since its innovation. It has evolved 
from simple hinge design to current form of mod-
ular rotating hinge, to facilitate implant durability 
and decrease complication rates. These various 
changes are as follows.

46.2.1.1  First Generation Implants
Prototype of this design was Walldius, Stanmore, 
Geupar etc. Design included a fixed hinge which 
allowed movement in only one axis, i.e. flexion 
and extension. Axial rotation, a normal part of 
knee kinematics, was not perceived to be impor-
tant. The presence of linked mechanism between 

the femoral and tibial component, prevented 
normal distraction of the joint during gait or sit-
ting. This led to additional tensile stress on the 
bone–cement interfaces and resulted in high 
failures.

These abnormal biomechanics resulted in 
high complication rates like aseptic loosening 
and component fracture. In addition to this, metal 
on metal articulation of tibial and femoral com-
ponents produced metal debris which led to 
chronic effusions that probably contributed to 
high infection rates seen with these designs [1].

46.2.1.2  Second Generation Implants
This generation consists of designs that attempted 
to allow motion in more than one plane to 
decrease the high stresses on the articulation and 
at the bone–cement interface. The Herbert knee 
(DePuy, Warsaw, IN) was described as a ball and 
socket knee with 10-degree varus-valgus laxity 
and some degree of axial rotation. Despite the 
ability to allow motion in more than one plane, 
this design had a relatively high rate of reopera-
tion and infection [2].

The rotating hinge prosthesis was another 
change in design to allow motion in more than 
one plane. Prototype of second-generation 
includes kinematic hinge knee and Noiles knee. 
This generation added rotating ability around 
vertical axis to hinge prosthesis. These devices 
allowed rotation as well as distraction [1]. 
Bearing surfaces changed to metal on polyethyl-
ene. Addition of rotation decreased the transfer of 
forces to bone–cement interface. Though short- 
term results of these prosthesis showed improve-
ment compared to fixed hinge devices, long-term 
results were unsatisfactory. Walker et  al. 
described early results with the Kinematic 
Rotating Hinge (Howmedica) and reported a rel-
atively high incidence of complications such as 
shaft perforation and patellar dislocation [3]. 
Rand et al. reported on 38 knees with the same 
implant at 55 months follow up [4]. A high com-
plication rate continued to be reported with a 
22% incidence of patellar instability, a 6% inci-
dence of component breakage, and a surprisingly 
high 16% incidence of infection.

Table 46.1 Types of knee implants

Unconstrained Intact MCL, LCL, ACL & PCL—
Unicondylar knee UKR

Semi 
constraint

Intact MCL, LCL, deficient ACL
(a) PCL intact—Cruciate Retaining 
(CR) TKA
(b) PCL absent.—PCL Substituting 
(PS) TKA

Highly 
constraint
    Non-linked Used in cases of deficient ACL, PCL 

& LCL
Provides coronal plane stability
Has high post posterior stabilized 
design (Varus—Valgus stabilizing 
constraint), e.g. LCCK, TC3 etc.

    Linked Used in cases of deficient ACL, 
PCL, LCL and MCL—Global 
Instability
Provides coronal and sagittal plane 
stability
Has a connection between femoral 
and tibial component.
e.g. Rotating Hinged Knee (RHK) 
TKA
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Although all of these rotating hinge devices 
allowed axial rotation and distraction, they con-
tinued to have mediocre clinical results, probably 
as a result of suboptimal instrumentation and 
implant design. There were numerous areas for 
potential improvement [1]:

 1. Patello-Femoral Articulation:
Most designs did not address the patello-

femoral articulation at all, which led to a 
potential for persistent anterior knee pain and 
progression of patellofemoral arthritis. Those 
devices that allowed for patellar resurfacing 
frequently had a shallow patellofemoral 
groove. This led to problems with patellofem-
oral instability.

 2. Alignment:
The stems often were short and did not 

engage the diaphysis, and the instrumentation 
did not ensure accurate alignment. A con-
strained component such as a rotating hinge 
still can transmit high forces to the hinge 
articulation and the bone–cement interface if 
it is not well aligned. Rotating hinges particu-
larly do not tolerate varus alignment that often 
occurred leading to early failure through 
loosening.

 3. Suboptimal Design:
High forces were transmitted to the hinge 

because of the relatively low surface area and 
high contact stresses at the tibiofemoral articu-
lation and at the rotating hinge mechanism. 
The articulation between the mobile-bearing 
tibial device and the tibial component was 
relatively noncongruent, resulting in little load 
transmission from the mobile-bearing to the 
tibial surface. The intramedullary components 
of these devices often were relatively short and 
narrow, which allowed for suboptimal fixa-
tion. Large cement mantles often resulted, 
which did not allow for pressurization of the 
cement or an optimal bone–cement interface. 
The tibial components often were not metal-
backed, which also probably was at disadvan-
tage for load transmission. These suboptimal 
design features undoubtedly contributed to the 
relatively disappointing clinical results.

46.2.1.3  Third-Generation RHK
Various changes in design of rotating hinge pros-
thesis were done to improve results. These 
changes are as follows

 1. The patellofemoral groove was made deeper 
and more congruent to decrease patellofemo-
ral complication rate.

 2. The hinge articulation was made more con-
gruent and axle-yoke design to lower stresses 
at this articulation.

 3. The mobile-bearing articulation also was 
improved to increase congruency and lower 
contact stresses to attempt to improve force 
transmission and to lower the potential for wear.

 4. Earlier rotating hinge devices had a metal 
tibial mobile-bearing element that allowed 
axial rotation within a tibial polyethylene 
sleeve. In newer designs, tibial bearing was 
changed from metal to polythene and sleeve 
was changed from polyethylene to metal to 
improve force transmission.

 5. The interface between the mobile tibial bear-
ing and tibial base plate made more congru-
ous to allow better load transmission from 
bearing surface to tibial component.

 6. Modular canal filling stems were developed to 
allow for press-fit fixation and to improve 
alignment. A study by Parsley and Sugano 
showed that alignment was improved reliably 
when long stems that engaged the diaphysis 
were used in revision total knee arthroplasty 
[5]. Modular stems, therefore, allowed for 
improvement in alignment and fixation.

 7. Use of modular wedges and blocks to allow 
for a more accurate reproduction of the joint 
line. Modular metaphyseal segments also 
allowed for a filling of massive intramedullary 
bone loss that often was encountered when 
revising a rotating hinge prosthesis.

Longevity of hinged implants depends of following factors:

1- Good hinge mechanism with central location
2- Good patellofemoral tracking biomechanics
3- Adequate jump distance to prevent disengagement
4- Even stress transmission from femur to tibia
5- Permit rotational mobility
6- Prevent hyperextension
7- Near normal range of movement  
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46.2.2  Peculiarities of Modern RHK 
Implants

46.2.2.1  NexGen RHK (Zimmer)
Peculiarities of NexGen RHK are described in 
the following diagrams. Figure  46.1 shows 
centrally located hinge joint with contact of 
femoral condyle and tibial mobile-bearing ele-
ment throughout range of movement of knee. 
This helps to avoid undue load bearing by 
hinge mechanism and distribution of load over 
wider area. Figure 46.2 shows various compo-
nents of this implant. Figure  46.3 shows bio-
mechanics of this implant which maintain 
patellofemoral articulation throughout range of 
motion. Figure  46.4 shows increased jump 
height distance, preventing component dislo-
cation seen with some implants. Figure  46.5 
shows hinge locking mechanism with axle and 
yoke system.

Author has unique experience of using 
NexGen RHK over past 15 years with excellent 
results and still continuing the same by 
preference.

46.2.2.2  S-ROM RHK (Depuy)
Peculiarities of S-ROM Prosthesis Are 
Follows [6]

 1. Unique feature of this prosthesis is the capac-
ity for adding modular intramedullary 
sleeves. This feature enhances metaphyseal 
fit and fill, improving load sharing and load 
transfer. These modular porous sleeves 
accommodate bone defects of the Engh Type 
II and Type III providing intraop flexibility. 
The sleeves are textured with beads having 
interbead pore diameters of approximately 
200 microns, allowing for the possibility of 
bone ingrowth.

 2. The tibial and femoral uncemented stems are 
slotted and have flutes to enhance diaphyseal 
fit and rotational stability and match bone 
stiffness more closely (Fig. 46.6). Both Press- 
Fit and Cemented Stems are available. Thus, 
they provide varying options for intramedul-
lary fixation of components.

 3. S-ROM hinge prosthesis has a flat tibial tray, 
and trans articular loading is transmitted 

Constant
radius of the
femoral
condyles in
the sagittal
plane, and
central
location of the
hinge pin

Jump Distance 40 mm

Nexgen Rotating Hinge Knee

a b c d e

Central wide contact loading
throughout ROM

Central Loading
throughout ROM

Excellent Patellar Biomechanics

90°

45°

10°

0°

0°

10°

40mm

10mm

10mm

45°

45°

90° 90°

120°

120°

90°

M/L center line
M/L center line

Cross sectionsCross sections

45°

10°

Fig. 46.1 (a) Centrally located hinge with constant 
radius of femoral condyle in sagittal plane. (b) Jump dis-
tance 40 mm. (c) Central contact on tibial poly throughout 

ROM. (d) Central loading throughout ROM. (e) Excellent 
restoration of Patellofemoral Biomechanics
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across the hinge and polyethylene tibial- 
bearing surface (Fig.  46.7). These features 
help reduce deleterious stresses across the 
hinge and bone–cement–implant interfaces.

 4. Intraoperative flexibility. Operating room effi-
ciency with common tibial base and prepara-
tion shared across multiple systems.

Currently Rotating hinge knees are used in 
complex primary and revision knee arthroplasty 
situations.Common problems faced in these 
situations are severe bone loss and deficient 
bone stock leading to inadequate fixation of 
prosthesis.

Centrally located Hinge pin

Femoral
component

femoral stem

Tibial stem

Hinge
post

Hinge post
extension

Polyethylene tibial mobile
bearing element

Metal Tibial
base plate
with sleeve

Offset
Stem

Fig. 46.2 NexGen RHK components

Patellofemoral Kinematics

Patello Femoral contact

No
Femure - Tibial
contact

Conventional

Gap

Nexgen RHK Nexgen RHK

95%

Conventional
RHK

Better Quadriceps efficiency

2nd Generation Hinges

RHK has patella contact
through 60 range of motion

Open like a book with posterior
hinge

RH Knee:
 Patella
 Contact
through 60°
 ROM

Condyles don’t
even touch poly
surface in flexion

Posterior Loading:
During flexion, all load
goes through the hinge bushing

Pistoning
During gait

Uneven loading of cement mantle due
to posterior loading in flexion

Hinge bushing may
excessively wear and
lead to early failure3,4

Vertical load is not
centered over the
post in flexion:
Potential “pistoning”
during gait

Anterior surface of femur moves
posterior, away from patella

Patella is not supported during
flexion - loss of mechanical
advantage

Deep flexion obtained at
the expense of mechanical
advantage

Maintains mechanical advantage

Fig. 46.3 Kinematics of NexGen RHK
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NexGen Rotating Hinge Knee Posterior Hinged

Jump Height Nexgen RHK

Resistance To Subluxation
Accommodate Instability

Minimum 40mm
jump height for all
polyethylene heights

Fig. 46.4 NexGen Implant, Axis of hinge mechanism and Jump height

Fig. 46.5 NexGen RHK Hinge Locking mechanism

2.2.2 S-ROM RHK (Depuy)

Femoral Stem
(with flutes and slot)

NoilesTM Rotating Hinge
Femoral Component

Locking Hinge Pin

Tibial Plateau

Tibial Sleeve
(porous coated)

Tibial Stem
(with flutes and slot)

a b

Tibial Base Plate

Patella

Femoral Sleeve
(porous coated)

Fig. 46.6 (a) Lateral view of S-ROM implant, (b) AP 
view of S-ROM implant showing individual components 
(original diagram taken from Total Knee Arthroplasty 
Using the S-ROM Mobile-Bearing Hinge Prosthesis 

Richard E. Jones, MD,*† John G. Skedros, MD,‡ Angela 
J.  Chan,* Delbert H.  Beauchamp, PA-C,* and Paul 
C. Harkins, PhD* The Journal of Arthroplasty Vol. 16 No. 
3 2001)
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46.2.3  Bone Loss

Anderson orthopaedic research institute (AORI) 
classification helps management of bone loss. 
Grade F3 and T3 bone loss are frequently associ-
ated with compromised collateral ligaments. 
Hinged total knee arthroplasty substitutes for the 
collateral ligaments and often is the optimal 
reconstruction choice for grade F3 and T3 bone 
loss (refer Chap. 42).

Though AORI classification helps us in man-
aging bone loss, it does not address other prob-
lem of revision TKA, i.e. secure implant fixation. 
Concept of Zonal fixation of TKA implants, 
introduced by Morgan-Jones et al., helps in such 
situation [7]. According to this concept, bones 

are divided into three zones—epiphyseal, 
metaphyseal and diaphyseal zones. For secure 
fixation in cases of revision TKA, implant should 
be fixed in at least two zones (Fig. 46.8).

Zone 1: The Epiphysis
Zone 1 is compromised by the process of implant 
failure and removal in almost all cases. To 
enhance fixation in zone, it is necessary to achieve 
surface free of cement debris, fibrosis. Zone 1 
fixation can reliably achieve with polymethyl-
methacrylate cement.

Zone 2: The Metaphysis
Epiphyseal (zone 1) and diaphyseal (zone 3) fixa-
tion achieve stability in most cases of revision 
knee arthroplasty. However, metaphyseal fixation 
has its own advantages.

 (a) Metaphysis is closer to articulation of knee 
joint, so fixation in this area helps in restora-
tion of the joint line.

Fig. 46.7 AP view showing final assembly of different 
components of S-ROM knee system (original diagram 
taken from Jones RE, Barrack RL, Skedros J. Modular, 
mobile-bearing hinge total knee arthroplasty. Clinical 
Orthopaedics and Related Research. 2001 Nov 
(392):306–14)

Zone 3

Zone 3

Zone 2

Zone 1

Zone 2

Fig. 46.8 Diagram showing various zone for fixation of 
implant
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 (b) The geometric centres of the metaphysis and 
epiphysis are aligned. This eliminates need 
of an offset stem required in combined fixa-
tion of zone 1 and zone 3.

 (c) In combined fixation of zone 1 and zone 3, if 
we achieve fixation in zone 2, it allows the 
use of shorter diaphyseal stems. This helps to 
avoid the anterior translation effect of the 
femoral bow seen with longer uncemented 
stems.

Metaphyseal sleeves allow, filling of bone 
defects and implant fixation in a single step. 
Reconstruction of zone 2 can be achieved with 
cement, bone graft or trabecular metal cones 
(Zimmer, Warsaw, Indiana, Biomet, Warsaw, 
Indiana). However, reconstruction of zone 2 
needs to be supplemented with secure zone 3 
fixation to off load metaphysis.

Zone 3: The Diaphysis
Fixation in zone 3 is commonly achieved with 
intramedullary stems. Cemented stems are pre-
ferred in patients with poor diaphyseal bone and 
large canal diameter. Uncemented stems are indi-
cated in patients with good diaphyseal bone and 
favourable canal geometry allowing a press fit. 
Uncemented stems are also preferred in the man-
agement of periprosthetic fracture. Uncemented 
stems appear to have less stress shielding effect 
compared to cemented stems and allow easier 
removal if revision is required.

46.2.4  Augments Commonly Used 
Along with RHK

Augments used in total knee arthroplasty can be 
divided into two broad categories:

 1. Articular Surface Augment—these augments 
replace missing bone and fit to contour of 
implants. These are commonly used at zone 1. 
Metal wedges represent these variants.

 2. Bone Reinforcing Augment—these augments 
fill bony defect and reinforce fixation of 
implant to bone. Metal sleeves, cones and 
stems are bone reinforcing augments. These 

augments need to be unitized to implant to 
provide stability.

 A. Trabecular Metal Cones (TM Cones)

Porous Tantalum cones (Fig. 46.9)
Commercially known as Trabecular Metal 

(TM; Zimmer Inc., Warsaw, Indiana, United 
States) used for the management of metaphyseal 
bony defects. Following are Characteristics of 
porous tantalum [8]:

 (a) Osteointegration—Tantalum has a high- 
volume porosity similar to the cancellous 
bone. This makes tantalum an optimal sub-
strate for bone ingrowth.

 (b) Low modulus of elasticity—thus decreases 
transfer of stresses from implant to host 
bone. Thus, helpful in the protection of 
metaphyseal reconstruction done in cases of 
bone loss

 (c) High coefficient of friction—this property of 
tantalum helps in providing immediate sta-
bility when tantalum cones are impacted in 
area of bone defects. This permits early 
mobilization of patient.

 (d) Modularity—Tantalum cones can be shaped 
according to bone defect to be filled. These 
cones can be cut, drilled according to need. 
They help to reconstruct medial as well as 
lateral column of bone. Tantalum cones can 
be placed mediolaterally in the bony defect 
independent of prosthesis. Prosthesis is then 
implanted.

 (e) If any revision of prosthesis is needed with 
good osteointegration of cones, tantalum 
cones need not to be revised as these are 
implanted independent of prosthesis.

 B. Metaphyseal Sleeves

Metaphyseal sleeves are another option of fill-
ing of metaphyseal bone defect. These are porous 
metal sleeves that are fixed to tibial base plate by 
morse taper. So, these are fixed to metaphyseal 
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bone as a single unit along with tibial base plate, 
so cement prosthesis interface present in cones is 
avoided. Metaphyseal sleeves also help in osteo-
integration in addition to immediate stability as 
offered by cones [9] (Fig. 46.10).

 C. Stems

Stems are used in most complex primary and 
revision total knee arthroplasties. These stems 
help in the following ways [10].

 (a) Stems help to transfer loads from the com-
promised articular and metaphyseal bone to 
diaphysis. The use of stems helps to distrib-
ute the increased stress of a constrained artic-
ulation to wider surface of bone.

 (b) Help to optimize implant alignment and the 
mechanical axis of the limb.

The various types of stems can be broadly cat-
egorized into two types: Cemented and cement- 
less press-fit stems.

Uncemented press-fit stems are available in 
two options—straight and offset stems. There are 
few circumstances when offset stems are pre-
ferred over straight stems

Femoral Offset Stems advantage [11]

 1. Flexion gap balancing: offset stems give 
modularity of antero-posterior translation of 
components. Antero-posterior translation of 
femoral component helps in balancing flexion 
gap.

 2. Optimum lateralization of component—opti-
mum lateralization of femoral components 
helps in improved patellar tracking. This is 

Fig. 46.9 Tantalum cones (Zimmer, Warsaw): various shapes and sizes available

Tibial base plate

sleeve

stem

Fig. 46.10 Metaphyseal sleeves
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possible due to medio-lateral modularity 
offered by offset stems (Fig. 46.11).

Special Tip: RHK implant has Offset stem 
provision for femur only and not for tibia.

46.3  Surgical Technique

46.3.1  Surgical Technique Principals 
of NexGen RHK (Fig. 46.12)

46.3.2  Reconstruction of Bone Defect 
with T.M. Cones in TKA 
Revision

Steps of reconstruction:

Step 1. Extraction of old TKA implant 
(Fig. 46.13a)

Step 2. Radical debridement
Step 3. Assessment of bone defects.
Step 4. Selection of trial T.M. Femoral metaphyseal 

cone. It should engage inner bleeding metaphy-
seal bone. Primary press fit must be assured. 
Use of power burr helps to create a press-fit 

slot. With trial TM cone trial TKA component 
can be fitted to check final construct stability 
Fig.  46.13b, c: Similarly, if required in tibia, 
trial TM cone augment selection Fig.  46.13d 
and trial press-fit implantation is done. Final 
trial TKA component can be fitted and 
checked for the stability and range of mobility 
(Fig. 46.14). Figure 46.13h: final RHK implant 
with femoral and Tibial TM cone with neces-
sary bone replacing augments and final implan-
tation. Trabecular metal cone outer surface is 
in contact with bleeding healthy metaphyseal 
bone while the inner surface is cemented with 
RHK implant to unitize the assembly.

46.4  Indications

46.4.1  RHK for Primary Cases

Following are main indications in primary 
situation

 1. Major bone defects
 (a) Post-Traumatic
 (b) Post-Infective
 (c) Bone neoplasm
 2. Deformities around knee joint

Femoral component can be
placed 4.5 mm in any direction
relative to medullary canal

Offset
Stem

Anterior

Posterior

Medial

4.5mm

4.5mm
Lateral

3mm

3mm

Offset Stem Extension

Flexion Space Balancing

Component
upto 4.5 mm
in any direction
From Medullary Canal

Fig. 46.11 Flexion gap adjustment, 4.5 mm component offset position around stem, case example femoral offset stem 
with RHK, offset stem view
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 (a) More than 20-degree varus and valgus 
deformity—Osteoarthritis, Rheumatoid 
arthritis

 (b) Any amount of recurvatum deformity—
seen in neuromuscular diseases like polio

 3. Instability
 (a) Preop—Gross joint Laxity, Neuropathic 

joints etc.
 (b) Intraop Residual instability after opti-

mum surgical trial implantation

Steps of NexGen RHK

Step 1: Establish Tibial Platform Step 4: Determine Femoral Size Step 8: Make Femoral Augment
Cuts

Step 9: Prepare for RH Knee Box

Step 10: Prepare Patella

Step 11: Preform Trail Reduction

Step 5: Confirm Femoral Position &
Establish Rotation

Step 6: Establish Flexion Gap &
stability

Step 7: Establish Extension Gap
& stability

Step 2: Finish Tibia

Step 3: Prepare Femoral Canal

Fig. 46.12 Steps of RHK implantation step 1 to step 11

a b c h

i
gfed

Fig. 46.13 Steps of Trabecular cone and RHK implanta-
tion technique. (a) Femur implant removed showing 
exposed femoral defect with old tibia implant. (b, c) Trial 
poly femoral cone with trial femur implant. (d) Tibial trial 

poly cone engaged tightly in tibial metaphysis. (e, f) Final 
Tibia implanted with final femur TM cone engagement. 
(g) Trial RHK implant. (h) Final RHK. (i) X-ray AP/Lat

46 Rotating Hinge Knee in Primary and Revision Knee Arthroplasty



626

RHK for Primary Case Examples

Case 1: Aseptic Post-Traumatic Bone Loss of 
Medial Femoral Condyle (Fig. 46.15)

Closed fracture of medial femoral condyle in 
67 years old obese patient with BMI of 38 pre-
sented to us with floating avascular medial femo-
ral condyle with prior failed four surgeries of 
attempted osteosynthesis (Fig.  46.15a–d). After 
confirmation of aseptic condition with good pre-
operative planning NexGen RHK was implanted. 
Intraoperatively medial femoral condyle was 
avascular and loose, which was removed. Lateral 
column of condylar support was intact. We cus-
tomized femoral Trabecular metal cone by cutting 
the lateral prong (Fig. 46.15f), to preserve the lat-
eral column bone support. Primary T.M. cone sta-
bility confirmed and NexGen RHK implanted 
with immediate intraop stability. We reinforced 
the construct with allogenic Bone Graft (BG) cov-
ered with gel foam (Fig.  46.15g, h). Immediate 
mobilization and gradual weight bearing started. 
After 5 years post-op follow-up BG was well con-
solidated as shown in (Fig. 46.15i), with excellent 
functional outcome (Fig. 46.15j).

Special Tips

 1. NexGen RHK selection with augmentation 
defect using TM augment was a unique option 
to preserve residual lateral bone pillar.

 2. It is possible to customize shape of TM cone 
by cutting.

 3. Allograft with TM cone with surrounding 
vascular bed achieves osteointegration.

 4. Primary stability of TM cone is important for 
mobilization.

 5. With cementation from inside surface of TM 
cone with RHK forms a single stable con-
struct for early ambulation (Unitization of 
RHK with TM cone).

Case 2: Instability in Both Coronal and 
Saggital Planes (Fig. 46.16)

Neuropathic Knee secondary to healed 
Tuberculosis of Knee: Disease-causing unilateral 
bone and soft tissue destruction as shown in 
Fig.  46.16a. Neuropathic knee sequalae post 
Tuberculous knee arthritis completely treated 
and confirmed disease free with gross instability 
in coronal and sagittal plane well documented on 
stress radiographs Fig.  46.16b, c. Usually, 
Tuberculous arthritis presents as monoarticular 
involvement. Clinically inability to bear weight 
on affected limb, painless gross instability on 
examination. Aspiration of joint and 
Intraoperative histopathological examination 
confirmation is absolute necessary to confirm the 
presence of tuberculous activity. In addition, 
post-op anti-Tuberculous medication for 9 
months is very important to prevent recurrence of 

a b

Fig. 46.14 (a) X-ray AP with Trial TM cone and Trial TKA implant. (b) Lat view
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a b c ed

f

g h i

j

Fig. 46.15 (a) Primary trauma closed fracture medial 
femoral condyle. (b, c) Multiple failed osteosynthesis sur-
geries. (d) Healed local scar. (e) Floating avascular medial 
femoral condyle (Aseptic). (f) Intraop custom-made cut-
ting of lateral flange of T.M. cone to preserve bone. (g) 

Stable reconstruction using RHK, TM cone and allograft. 
(h) Gel foam covering allograft. (i) 5 years post-op RHK 
showing consolidation of allograft (arrow). (j) Functional 
outcome at 5 years post-op

a

b
c

d

e
f

Fig. 46.16 (a) Xray AP view of both knees showing Rt knee monoarticular neuropathic joint. (b, c) Stress AP/Lat 
X-ray’s demonstrating instability. (d) Intraop RHK. (e) 7 years post-op RHK. (f) 9 years post-op function
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Tuberculosis. With good preoperative planning 
NexGen RHK Fig.  46.16d. They offered opti-
mum stability and mobility. Achieves immediate 
intraop and post-op stability with follow up of 9 
years Fig. 46.16e, f.

Special Tips

 1. Confirm no evidence of infection preop and 
intraop microbiology.

 2. MCL and LCL Collateral ligament 
insufficiency.

 3. Preserve as much bone as possible. Minimum 
bone cut in the presence of ligament laxity.

 4. RHK has prevention stop for hyperextension.
 5. Achieves excellent stability to permit full 

weight bearing and knee mobilization.

Case 3: Bilateral Bony Ankylosis 90 deg 
Flexion Post-RA in 34 Year Female (Fig. 46.17)

A case of burnt out rheumatoid arthritis with 
bilateral knee bony ankylosis in approx. 90 deg 
for the past 11 years. On radiographs, it was dem-
onstrated as continuity of femoral medullary 
canal with tibial medullary canal. There was 
 continuity with well-formed posterior cortex of 
femur and tibia as shown in Fig. 46.17b and con-
firmed on CT scan in Fig. 46.17c. Surgical release 
was very meticulous with skeletonization of dis-
tal femur and proximal tibia. No excess bone was 

resected. From our past experiences upto 40 
degrees of residual flexion deformity was gradu-
ally corrected using “Push knee Brace” as shown 
in Fig. 46.17d, e with intermittent mobilization. 
After 5 weeks with complete correction, opposite 
knee was operated with similar protocol. After 12 
weeks patient achieved complete correction of 
deformity with 0–110 deg knee bending without 
any quadriceps lag bilaterally as shown in the 
Fig. 46.17h at 8 years of follow-up.

Special Tips

 1. In flexion deformity quadriceps are not 
contracted.

 2. Usually after osteotomy of fusion mass in 
flexion position extension gap is small with 
imbalance of flexion and extension gap after 
complete soft tissue release.

 3. NexGen RHK can accommodate up to 
40 mm of gap imbalance.

 4. Ankylosis of 90 deg flexion position, it is not 
possible to release posterior soft tissue com-
pletely to “0” deg of extension, without due 
risk to neurovascular damage.

 5. Preserve bone and avoid excess resection of 
bone to avoid resecting condylar flare for 
better support and preservation of joint line.

 6. Residual flexion deformity up to 40 deg may 
be corrected using gradual push knee brace 

a b c

d

e

f g h

Fig. 46.17 (a) Preop 11 years duration bilateral bony 
ankylosis of knee in 90 degree flexion. (b, c) X-ray and 
CT scan showing remodelling of femoro-tibial canal. (d, 

e) “push knee splint” post RHK for correction of residual 
flexion deformity. (f, g) Bilateral RHK 9 year follow up. 
(h) Function at 9 year follow up
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over the duration of 4–6 weeks in inflamma-
tory arthritis etiology.

 7. Intermittent mobilization preserves the joint 
mobility.

 8. Once mobility is achieved muscles function 
improves over a period of time, even after 11 
years of fusion in the present case.

 9. Maintenance of corrected flexion deformity 
with splint is recommended for approx. 3 
months duration which is required to correct 
the residual deformity with splint.

 10. Whenever gradual forceful correction of 
residual flexion deformity, it is advisable to 
use a linked constraint knee (RHK) to pre-
vent any subluxation during correction.

46.4.2  RHK for Revision Situations

 1. Bone loss (Osteolysis)
 2. Peri Prosthetic fracture
 3. Post-infection two stage Revision
 4. Instability
 5. Misc.: Chronic Stem Tip cut out, Poly spin 

out

Pre-operative planning

 1. Removal of previous implant with preserva-
tion of bone stock.

 2. Assessment of bone defect & ligament laxity 
and its management. In cases with major bone 
loss, reconstruction of stable metaphyseal 
medial and lateral bone pillars using Cones or 
sleeves augments with allograft bone is 
needed.

 3. Joint line restoration and flexion-extension 
gap balancing. Use of offset femoral stems—
antero-posterior translation of femoral com-
ponents by use of offset stems helps in 
adjusting flexion gap.

 4. Improved patellofemoral tracking by opti-
mum lateralization of femoral components by 
use of offset stems.

Revision TKA aims to restore bone stock, 
long-term stability of implants, immediate 

weight-bearing and functional activity. However, 
the removal of a previously well-fixed prosthesis 
can produce a loss of bone mass from the distal 
femur and the proximal tibia. These large bone 
defects and compromised bone stock can thus 
make reconstruction and fixation highly 
challenging.

RHK for Revision Case Examples:
Case 4: Bilateral Knee Infection, Osteolysis, 
Periprosthetic Fracture and Bone Defect 
(Figs. 46.18, 46.19 and 46.20)

Seventy-three-year-old patient with uncon-
trolled diabetes, presented with frank infection 
with pus on Lt side (Fig. 46.18) while on Rt side 
(Fig.  46.19) aseptic periprosthetic fracture just 
proximal to femoral stem with gross medullary 
osteolysis around femoral and tibial stem. He 
had undergone bilateral two-stage revision for 
infection 10 years ago. It was uneventful without 
evidence of infection for 10 years. For the past 3 
months he was progressively bedridden and 
 presented to us. First, we treated Lt side with 
frank infection and gross instability. It was 
treated with two-stage revision. First stage, we 
used handmade customized articulated antibi-
otic-loaded cement spacer Fig.  46.18f, g and 
after complete healing of infection over 6 weeks, 
for second stage, we used NexGen RHK as 
shown in Fig. 46.18h. Subsequently, we treated 
Rt knee with NexGen RHK, Osteolysis was 
managed using impaction intramedullary allo-
genic bone graft while metaphyseal defect rein-
forcement done using Femoral and Tibial 
T.M.cone augments and extension stems 
(Fig.  46.19e, f). Reconstruction was stable on 
table during the range of movements. Patient 
was gradually mobilized with brace. Follow up 
after 11 years (Fig. 46.20) demonstrated sound 
healing of periprosthetic fracture with good con-
solidation of fracture and significant improve-
ment in bone density. Both TKA were stable on 
full weight bearing without need of brace 
(Fig. 46.19g).

Special Tips

 1. In uncontrolled Diabetes, there is a high inci-
dence of recurrence of infection.

46 Rotating Hinge Knee in Primary and Revision Knee Arthroplasty



630

a b c

d e

f g h

Fig. 46.18 (a)–(c) Preop AP/Lat 10 years ago, two-stage 
revision TKA re-infected now. (d, e) Frank pus aspirated. 
(f) First stage debridement and handmade antibiotic-

loaded cement spacer. (g) Intraop spacer. (h) Second stage 
RHK follow up 11 years post-op
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a b c

d

e

f

g

Fig. 46.19 (a)–(c) (Same patient Fig. 46.18 Lt side) Rt 
side Aseptic Preop X-ray showing periprosthetic fracture 
femur with gross cortical osteolysis femur and Tibia 
around the stems in a case of prior two-stage revision 
TKA 10 years ago now aseptic. (d) T.M. cone Femur aug-
ment. (e) Intraop AP X-ray showing final RHK implanta-

tion with TM augment in Femur and Tibia. (f) 11 years 
follow up X-ray AP/Lat view showing complete consoli-
dation of periprosthetic fracture using impaction intra-
medullary allograft and T.M. augments (Femur+Tibia) 
with stable RHK. (g) 11 years follow up with functional 
result
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 2. Infection from one knee usually does not 
cross to opposite knee.

 3. Infected site should be treated first to resolve 
the presence of infection.

 4. Bone defects at metaphyseal region must be 
augmented with TM cone or sleeves for long- 
term stability of RHK.

 5. Primary intraop stability permits early weight 
bearing and mobilization which helps to 
improve bone remodelling.

 6. Offset femoral stem helps to lateralize femo-
ral component for improved patellar tracking 
and better flexion gap adjustability.

 7. Intramedullary impaction bone graft 
improves gross cortical osteolysis of femur 
and tibial bones around stems of preop 
aseptic TKR.

Case 5: Femoral and Tibial Stem Cut Out 
Due To Lack of Medial Tibial Metaphyseal 
Support (Fig. 46.21)

Loss of metaphyseal medial tibial bone sup-
port (Fig.  46.21c) in a varus valgus constraint 
TKA with stems, causing varus deformation at 
knee leading to stem tip cutting though lateral 

tibial cortex distally and anterolateral femoral 
cortex proximally (Fig. 46.21a–c). Requires revi-
sion with the reconstruction of medial bone sup-
port using Tibial T.M. cone augment with BG 
and RHK with long-stem bypassing cutout defect 
(Fig.  46.21d). Follow up after 7 years demon-
strates good stability and good functional out-
come (Fig. 46.21e).

Special Tips

 1. Primary metaphyseal bone support quality 
must be good while using high constraint of 
implant.

 2. Sequential follow up X-rays will identify pro-
gressive cutting out of cortical bone with stem 
tip and collapse of metaphyseal support. It is 
an indication of revision.

 3. Augmentation of metaphyseal bone with TM 
cone and bypassing of defect using longer 
extension stem with RHK should resolve the 
problem.

 4. Intraoperative X-ray confirmation to bypass 
cortical defect with longer stem is mandatory 
to avoid false passage through the cortical 
defect.

Fig. 46.20 (Same 
patient as Figs. 46.18 
and 46.19) 11 years 
post-op bilateral knee 
X-ray, LT side two-stage 
TKR for septic revision 
with RHK, Rt side 
aseptic PP# with 
osteolysis using RHK, 
T.M. cone augment 
femur and tibia with 
intramedullary 
impaction bone grafting
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Case 6: Chronic Spin Off of Poly in Mobile 
Bearing TKA (Fig. 46.22)

Seventy-three-year-old patient presented with 
sudden locking of the knee joint (Fig. 46.22a, b) 

with severe pain. There was a past history of over 
8 months of frequent clicking and occasional 
anterior knee pain with swelling, which used to 
subside with pain medication and rest. 

a
b c

d

e

Fig. 46.21 (a) AP and Lat X-ray showing cutting out of 
femoral and tibial stem tip through cortex with the col-
lapse of medial tibial metaphysis. (b) Femoral stem tip cut 

out at anterolateral cortex. (c) Tibial stem tip cutout and 
collapse of medial tibial metaphyseal support. (d) 7 years 
follow up with RHK. (e) Functional status post-op 7 years

a b c d

Fig. 46.22 (a) Lat view poly spin off (chronic) making a notch (arrow) at inferior pole of patella. (b) AP view postero-
medial laxity and lifted up poly. (c) RHK 8 years post-op. (d) Damaged poly
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Radiographs and clinical examination revealed 
chronic spin off with notching of inferior pole of 
patella (Fig.  46.22a). Knee was immobile and 
in  locked position of 10 deg of flexion. 
Intraoperatively after removing locked poly 
(Fig. 46.22d), there was gross posteromedial lax-
ity. Hence RHK was the best option decided 
intraoperatively. Radical synovectomy and RHK 
(Fig.  46.22c) were used. At 8 years follow up, 
RHK was well functioning. Poly was completely 
damaged (Fig. 46.22d).

Special Tips

 1. Tibial poly spin off causes clicking and lock-
ing of the knee.

 2. Chronic poly locking history may demon-
strate notching of patella and laxity of MCL 
or LCL.

 3. Poly debris may cause osteolysis.
 4. Revision may need RHK due to laxity of 

MCL and posteromedial capsule as evident by 
flexion instability.

46.4.3  Special RHK: Distal Femur 
Replacing (DFR)

Most Common Indications

 1. Neoplasm arising from distal femur

 2. Post-traumatic with OA knee in elder age 
group

 3. Periprosthetic Fracture
 4. Failed Revision with bone loss

Case Examples:
Case 7: Comminuted Supracondylar # with 
Intra-articular Extension with Preexistent OA 
knee (Fig. 46.23)

Eighty-two years old lady was waiting for Rt 
side TKA for severe OA knee met with an acci-
dent and presented to us with severe comminated 
supracondylar closed fracture femur with intra- 
articular extension. Metaphyseal bone was into 
multiple fragments (Fig. 46.23a). There was no 
possibility of reconstruction and attempt of 
osteosynthesis. Distal femur replacement with 
immediate stability and mobility of knee was the 
best practical management option. We used 
Modular Distal Femoral RHK (Depuy) 
(Fig. 46.23b). Replacement with RHK is a more 
practical option to allow early weight bearing and 
ambulation.

Special Tips

 1. Management of comminuted supracondylar 
fracture with intra-articular extension with 
preexistent OA knee in elderly patient is a 
great challenge. Fracture reduction, stabiliza-

a b

Fig. 46.23 (a) Preop X-ray: intra-articular SC# Femur with OA knee. (b) Distal Femur replacing RHK
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tion, healing is difficult. Attempting constraint 
TKA is a poor option.

 2. Distal femoral replacement using modular 
extendable RHK TKA provides immediate 
mobility and stability.

 3. Preop and intraop planning to select accurate 
resection length with restoration of soft tissue 
balance are very important.

 4. Ensure good primary stability and mobility.

46.5  Complications

Complications following rotating hinge knee can 
be classified as follows

 1. Mechanical complications-
 (a) Aseptic loosening
 (b) Implant component fracture
 (c) Implant component dissociation
 (d) Periprosthetic fracture
 2. Nonmechanical complications-
 (a) Wound healing problems
 (b) Deep infection

46.6  Discussion

Use of RHK in primary TKA can be further clas-
sified according to use in tumour and nontumour 
conditions, while revision TKA articles were 
sub-classified into septic and aseptic revisions.

46.6.1  RHK in Primary TKA

Classified Indications into Tumour and Non- 
Tumour Primary Conditions

46.6.1.1  Non-Tumour Conditions
Indications:

Gehrke et  al. in 2014 proposed indications 
for the use of RHK in primary knee arthro-
plasty. These are summary of all indications 
discussed in other clinical studies. These are as 
follows [12].

Patients older than 75 years with at least one 
of the following conditions:

• Collateral ligament insufficiency
• Bony destruction of the tibial plateau or femo-

ral condyles
• Hyperlaxity
• Fixed valgus/varus deformity >20°
• Severe rheumatoid arthritis

Contraindications included patients younger 
than 75 years in whom stability can be obtained 
with non-constrained implants. This contraindi-
cation was based on the fact that authors used 
fully cemented long-stem Endomodel implant, 
which makes further revisions and fixation tech-
niques in the diaphyseal region problematic. 
With the use of short non-cemented stems avail-
able in other prosthetic devices, this contraindi-
cation may not hold true. In most other available 
literature, minimum age was much less compared 
to Gehrke et al. We feel the selection of necessary 
constraint is the most important decision taken 
intraoperatively in most of the cases after opti-
mum surgical technique. Rotating hinge with 
modern technology improves failures due to 
mechanical causes. In certain conditions like 
hyperextension instability, RHK with hyperex-
tension stop offers the best constraint option irre-
spective of age. Younger patient group tends to be 
more active and with longer life expectancy, revi-
sion incidence is always higher. Hence while 
selecting RHK constraint in younger population, 
options for easy future revision planning must be 
considered.

In addition to these indications, we found fol-
lowing indications mentioned in literature,

 (a) Poliomyelitis with Hyperextension instabil-
ity: Rahman et al. described the use of cus-
tomized rotating hinge knee in poliomyelitis 
affected limb [13]. They reported their expe-
rience of 13 patients with mean age of 66 
years (51–84 years) and mean follow up of 6 
years (1.5–13 years). None of the patient 
required revision surgery. Patients may be 
prone to their knees buckling under their 
weight as the hyperextension is eliminated. 
With custom-made RHK, hyperextension 
stop can be built into the prosthesis so that 
walking is not compromised.
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 (b) Charcot Joint post neurosyphilis: Bae et  al. 
reported the use of RHK in Charcot joints 
secondary to neurosyphilis [14]. 11 knee 
arthroplasties using Endomodel RHK in nine 
patients with mean age of 60.1 years (46–68 
years) with mean follow up of 12.3 years 
(10–22 years) were studied. Authors reported 
improved knee function post-op with two 
cases of dislocation and one deep infection. 
These dislocations may be related to type of 
RHK used as other studies also found dislo-
cation with the use of Endomodel rotating 
knee [15, 16].

 (c) Obesity: Lozano et al. reported patients with a 
BMI of 35–40  kg/m2 had better functional 
outcome compared to patients with less 
BMI. They studied 111 knees with mean fol-
low up of 28 months. Authors noted high inci-
dence of severe bone defects, ligament laxity 
with marked axial deviation of limb in patients 
with BMI of 35–40 kg/m2. May be this asso-
ciation was responsible for improved func-
tional outcome post-surgery [17].

Survival rate: There is controversy over sur-
vival of RHK used in primary setting. Most of the 
articles describes more than 90% survival at short 
and midterm follow up. Petrou et  al. record 
96.1% survival at the end of 15 years [18]. In 
their study of 100 endo knee while Gehrke et al. 
reports 90% survival at the end of 13 years [12]. 
Efe et al. [19] reported 95% survival rate of pri-
mary RHK at the end of 5 years, however with 
small sample size of 21. Baker et  al. reported 
96.8% Implant survival at the end of 5 years in a 

large analysis of 964 patients undergoing primary 
rotating hinge RHK [20].

Studies by Bistofil et  al. and Martin et  al. 
reports low survival rate of RHK. Bistofil et al. 
found 75% survival rate at the end of 15 years, 
which is poor compared to unconstraint designs. 
Authors had studied 98 RHK with mean follow 
up of 15.6 years [21]. Martin et  al. reported 
74.6% survival at the end of 10 years and 40.3% 
at end of 20 years. Authors studied 246 knees 
undergoing rotating hinge knee from 1979 to 
2013 and compared results with varus-valgus 
constraint and conventional condylar knee done 
during the same period [22]. The relative risk of 
all-cause revision at 10 years was >2 times higher 
in patients receiving a constrained primary 
implant. At 20 years, this was >3 times higher. 
The overall implant revision-free survival rates 
for the varus and valgus constrained implant were 
90.0% at 10 years and 72.8% at 20 years (Table 
46.2). For the rotating hinge implant at 10 and 20 
years, the revision-free survival rates were 74.6% 
at 10 years and 40.3% at 20 years.

Few authors have studied factors affecting 
survival rate of RHK.  Gehrke et  al. reported 
overall survival rate of 94% in patients older 
than 60 years and only 77% in patients younger 
than 60 years at mean follow up of 13.5 years 
[12]. This may be due to low activity level seen 
in elderly population. Authors recommended to 
reserve use of RHK for elderly population. 
Authors also noted that patients with preopera-
tive varus deformity had a cumulative survival 
rate of 97% after 13 years, whereas patients with 
valgus deformity had a survival rate of 79%. 

Table 46.2 Comparison of cemented and uncemented stems

Fully cemented stems Uncemented press-fit stems
Advantages Better initial stability Optimizing mechanical alignment by 

diaphyseal engagement
Potential benefit of intramedullary elution of 
antibiotics

Less stress shielding

Useful especially in diaphyseal bowing Useful in patients with previous 
osteotomies around knees
Stem coating prevents osteoconduction 
activity hence easy removal

Disadvantages Difficult to remove cement
Decreased references for proper alignment Risk of periprosthetic fractures with canal 

preparation
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Baker et al. concluded that 5-year survival rate 
of primary RHK (96.8%) was not dependent 
upon the surgical indication [20].

We need to have long-term studies with larger 
sample size to understand the true survival of 
these implants. Till that time, judicious use of 
RHK in complex primary situations with excess 
ligament laxity, severe bone loss is recom-
mended. Operating surgeon should try to use 
least constraint implant to achieve stability.

Complications: Giurea et  al. classified com-
plications seen with RHK in three groups [23].

Type 1—infection
Type 2—periprosthetic complications: 

Periprosthetic fracture, extension mechanism 
failure, wound healing problems

Type 3—implant complications: Aseptic loosen-
ing, fracture of stem, fracture of hinge, 
dislocations

Prosthesis has no or little impact on Type 1 
complications (infections) and type 2 complica-
tions (periprosthetic complications), while it def-
initely affects type 3 complications. Surgical 
technique and tissue quality seem to play definite 
role in type 2 complications (periprosthetic com-
plications) rather than the implant design. With 
the use of third-generation hinge implants, i.e. 
rotating hinge implants, incidences of type 3 
complications are lesser, indicating improvement 
in biomechanics of implants. Most common 
complication noted across literature is deep 
infection, which may be due to the complexity of 
index surgery and profile of patients operated 
upon.

We have found two large studies comparing 
results of hinge knee, CCK and unconstraint knee 
in primary cases. These studies are based on joint 
registries of UK and Norway. Badawy et al., in 
their study based on Norwegian arthroplasty reg-
ister, found 16 deep infection in cohort of 197 
primary hinge knee. Infection was also most 
common cause of revision in hinged implants, 14 
of 22 revisions. This was reflected in prosthesis 
survival ratio of 85.5% after 5 years for the pri-
mary hinged TKA, which was significantly lower 
than 93.5% for constraint condylar knee and 

95.3% for unconstraint implant at the end of 5 
years [24]. This was in contrast to study of Baker 
et al., which found that the implant survival for 
hinged knee replacements was comparable to 
conventional knee replacements [20]. The Baker 
et  al. study reported a high number of older 
patients (mean age 72) with primary osteoarthri-
tis (70%) with hinged TKA, contrary to study by 
Badawy et  al. with only 33% reported primary 
OA.  Post-fracture osteoarthritis and post- 
ligament injury osteoarthritis were dominating 
causes for surgery in the hinged (33%) in study 
by Badawy et al. The increased risk of infection 
could be explained by the high amount of ASA 
3+ patients, combined with prolonged surgery 
time with more soft tissue exposure and trauma. 
Badawy et  al. also found that post-infection 
osteoarthritis had a higher risk of revision. After 
excluding infection as revision cause, there were 
no differences in survival between the implant 
types. Estimated survival excluding infection 
revisions at 5 years was 96% for unconstrained, 
CCK, and hinged primary TKA implants.

46.6.1.2  Primary RHK in Tumour 
Conditions

Abdul Karim A et al. carried out a meta-analysis 
of literature on the use of RHK used in primary 
knee replacement surgeries. Articles published in 
the 10 years prior June 2017 were included in this 
meta-analysis. They divided literature describing 
the use of rotating hinge knee in primary TKA in 
two groups—tumour and non-tumour groups. 
This division is necessary as these two groups 
differ in mode of failure and age at implantation. 
Tumour group patient undergoes surgery at 
younger age compared to non-tumour group and 
failure in this group is mostly due to recurrence 
of tumour. Prosthesis survival rates, causes of 
failure, and clinical/functional scores were the 
primary outcomes [25].

The rate of survival of RHK done as primary 
procedure for tumour group is less as compared 
to non-tumour group. There are two main reasons 
for this. Recurrence of the tumour leading to 
implant failure is peculiar to this group. 
Radiotherapy and Chemotherapy administered to 
patients with malignant tumours leads to 
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decreased immunity of an individual and leaves 
one susceptible to infections. In non-tumour 
group, clinical improvement post-surgery is 
much better as evident by improved KSS clinical 
and functional score. In tumour group, improve-
ment seen in function is not as great as seen with 
pain relief. Pre-operatively, patients should be 
counselled that functional improvement may not 
be as great as reduction in pain, and it may take 
longer to become apparent.

46.6.2  RHK in Revision Scenario

Indications classified into septic and aseptic 
revisions

Functional Outcome: As seen in Table  46.3, 
all studies show improvement in knee scores 
post-surgery. Barrack et al. compared clinical and 
radiographic results of revision TKA using RHK 
with control group of 87 patients treated with 
standard condylar revision components. Study 
group had much higher incidence of type 3 bone 
loss according to AORI classification. Authors 
noted comparable postoperative knee scores and 
range of motion between the two groups despite 
the use of the rotating hinge component in more 
complex revision cases [26].

Complications: As seen from Table 46.4, deep 
infection is not common complication in cases of 
aseptic revision of knee arthroplasty. Joshi et al. 
noticed mechanical complications like knee 
instability, implant component dislocation as 
common mode of failure in their study involving 
endomodel rotating hinge prosthesis [15]. 
Component dislocation was also noted by Bistolfi 
et al. [21], Gudnason et al. [16], Efe et al. [19], 
Petrou et al. [18], Bae et al. [14]. Neuman et al. in 
2012, studied 24 cases of rotating hinge knee 
(NexGen, Zimmer Biomet) with a large total dis-
traction distance of 40 mm to decrease the risk of 
dislocation with mean follow up of 4.6 years. 
None of patient had component dislocation while 
one pt. required a surgical procedure because of 
patellar instability [27]. Though Barrack et  al., 
Joshi et al., Gudnason et al. report 20% compli-
cation rate, sample size was less in these studies. 
We need to have studies with larger sample size 
to know true incidence of complications.

Survival Rate: Survival rates are not clearly 
mentioned in studies by Barrack et al. and Joshi 
et al. Gudnason et al. noted 65.1% survival rate at 
10-years. Authors evaluated outcome of 42 revi-
sion knees with mean follow up 8.8 years and 
mean age 72 years. Most patients had severe 
medical comorbidities. Low survival rate seen in 

Table 46.3 Findings of meta-analysis by Abdul Karim et al.

Nontumour group Tumour group
Demographics Age: 68.3 years (21–99) Age: 33.2 years (9–81)

Sex: Females—72% Sex: Males—60%
Indications Osteoarthritis—MC Malignant tumours

Rheumatoid arthritis
Post-traumatic arthritis
Supracondylar malunion
Charcot arthropathy

Survival of 
prosthesis

0–5 years—92% 0–5 years—77%
6–10 years—88% 6–10 years—69%
11–15 years—82%

Clinical 
improvement

KSS Clinical score—Preop to 
post-op improvement 39.7

Musculoskeletal tumour society (MSTS) score—Pain more 
improved compared to function and functional improvement 
took longer to appear

KSS Function score—Preop to 
post-op improvement 40.2

Failures Infection Infection
Aseptic loosening
Dislocations
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this study may be related to medical  comorbidities 
of patients [16]. Neumann et al. report 96% sur-
vival at mean follow up of 4.6 years. RHK 
Company used in this study was different than 
used by other authors. We need to have further 
studies comparing RHKs different companies to 
know the true survivorship [27] (Table 46.5).

Functional outcome: All studies showed 
improved functional outcomes postoperatively. 
Few studies tried to analyze factors affecting 
functional outcomes. Cottino et al. studied 408 
RHKs. Two hundred sixty-four cases (65%) had 
aseptic etiologies, while 144 knees (35%) were 
done for infection. RHK implants were used for 
complex primary procedures in 74 knees (18%) 
and as a revision construct in 334 knees (82%). 
Mean follow up was 4 years. Authors found that 
post-op knee function score was better with age 
<65 years, males, use of cones [28]. Giurea 
et  al. followed up 152 EnduRo rotating hinge 
prostheses (90 primary and 62 revision) over 2 
years. Authors noticed better knee scores in pri-
mary arthroplasty cases. Female patients, as 
well as revision procedures, had poor knee 
scores [23].

Implant survivorship: Cottino et  al. reported 
implant survival of 71.3% at 10 years. Authors 
noted low revision rate of 4.5% at 10 years for 
aseptic loosening. Authors concluded that 
increased use of metaphyseal cones for recon-
struction of metaphyseal bone defects has aided 
this improvement [28]. Smith et al. studied 271 
hinged TKAs. They divided patients in best-case 
scenario (n  =  111)—known failures (all-cause 
revision) and patients who did not require another 
operation and worst-case scenario—patients who 
died without a failure (n = 63). The date of their 
expiration was considered the failure date. This 
study found 52% survivorship at 5 years for best- 
case scenario [31]. These results are similar to 
that reported by Pour et al. with 5-year survivor-
ships of 68.2% [33]. Deehan et  al. reported 
median survival of 90% at 5 years. However, we 
cannot compare these studies as Deehan included 
patients who did not have complete follow up 
while Pour et al. used kinematic rotating hinge, 
which is a second-generation RHK, which may 
be responsible for low survivorship in their study 
[32]. Giurea et al. noted overall survivorship with 
revision for any reason as endpoint 85.4% at 2 

Table 46.4 TKA revision using RHK: indication—aseptic loosening

Authors
No of 
knees

F/U 
(years)

Mean 
age Implant used

Clinical 
outcome

Complication 
rate Complications

Barrack 
et al [26]

16 4.3 69 S-ROM modular 
knee

41/131 
(KSS total 
score)

20% Fracture distal femur—1
Patellar subluxation—1
Peroneal nerve palsy—1
Backing out of axle—1

Joshi et al 
[15]

78 5.0 72 Endomodel 
rotational knee 
prosthesis

38/86a

33/61b

27% Knee instability—4
Knee dislocation—3
Patellar tendon 
disruption—1
Aseptic loosening—4
Patellar subluxation—2
Extension lag—2
Pain unknown origin—3
Septic loosening—2

Gudnason 
[16]

42 8.8 72 Endomodel 
rotating hinge 
total knee 
prosthesis

NA/85a

29/67b

20% Aseptic loosening—4
Deep infections—2
Dislocation—1
Periprosthetic 
fracture—1
Patellar instability—1

Neumann 
[27]

24 4.6 67 NexGen Zimmer 
Biomet

25/91a

35/85b

4% Patellar subluxation—1

aKSS Knee (preop/final); bKSS Function (preop/final)
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years. Authors also noticed six times higher risk 
of reoperation for revision cases than for primary 
implantations. In revision cases, the subgroup of 
septic loosening showed the highest tendency for 
reoperation [23].

Complications: Cottino et al. noticed compli-
cation rate of 12% with 22 intraop periprosthetic 
fractures and 44 post-op complications—delayed 
wound healing, superficial wound infection, stiff-
ness etc. [28]. Smith et al. in their group of best- 
case scenarios (n = 111), noticed 51 pts (45.9%) 
experienced a failure that required reoperation. 
More than half of these failures (29/51) were due 
to nonmechanical modes of failure. The most 
common of the nonmechanical failures was 
infection, which accounted for 27 cases (24.3% 
infection rate) [31]. Springer et  al. also found 
infection to be the most common complication in 
their series of 26 knees and a similar infection 
rate (19.2%). Springer et al. had used kinematic 
rotating hinge, which was second-generation 
RHK [34]. Smith et al. data and other reports in 
the literature on mechanical failures suggest that 
these implants mechanically perform well [31].

However, Farid et  al. found mechanical as 
well as nonmechanical complications [29]. 
Authors reviewed Orthopaedic Salvage System 
(originally: the Finn Knee, Biomet Inc., Warsaw, 
Indiana)—11 primary procedures and 131 revi-

sions at 57 months follow up. All patients had 
severe periarticular bone and soft tissue deficien-
cies with an average of four prior arthroplasties 
(range 1–10) in revision cases. The overall inci-
dence of infection in 77 aseptic procedures was 
22%. Recurrence of infection occurred in 21.6% 
of infected revisions. There was no statistically 
significant difference in complications and fail-
ure between septic and aseptic revision. The tib-
ial component was durable, while the femoral 
component was problematic. Aseptic loosening 
of femoral components occurred in 15%, fol-
lowed by fracture of the femoral stem in 4.5% 
cases. Outcomes in primary situations were 
excellent. Complications were the rule rather 
than the exception in revision arthroplasties. With 
timely intervention and attention to soft tissue 
coverage, complications were contained, and 
functional benefits were appreciable. Authors 
noted that the complexity of bone and soft tissue 
challenges encountered by them was contributing 
to poor results of Rotating hinge implants 
observed in their study. Patients experienced 
appreciable functional improvements despite fre-
quent complications. Authors conclude that fre-
quent Complications seen with RHKs should not 
preclude salvage of severely affected knees.

In contrast to Farid et al. and Guenoun et al., 
found no significant difference between the 

Table 46.5 Combination of septic and aseptic loosening

Authors No of knees
F/U 
(years)

Mean 
age Implant used

Clinical 
outcome Complication % Complications

Cottino 
et al. [28]

408 (334 
revision)

4 
years

69 
years

Howmedica, 
NexGen, S-ROM, 
Finn

KSS: 51/81
KSF: 26/36

12 Periprosthetic 
fracture, delayed 
wound healing

Farid 
et al. [29]

142 (131 
revision)

4.9 
years

59.6 
years

Biomet 
orthopaedic 
salvage system

KSS: 36/77 <3 months—27
>3 months—56

Mechanical 
failure, infection

Giurea 
et al [23]

152 (62 
revision)

2 
years

72.3 
years

Aesculap EnduRo 
rotating hinge

KSS: 32/81
KSF: 32/56

9.2 Deep infection

Shen 
et al. [30]

475 (94 
hinged 
knee)

6 
years

66 
years

N/A N/A 22 Infection, aseptic 
loosening

Smith 
et al [31]

111 (59 
rotating 
hinge)

N/A 66.5 
years

Stryker Kinematic, 
S-ROM hinge, 
Biomet Finn 
rotating hinged

N/A 63 Infection, soft 
tissue dehiscence

Deehan 
et al [32]

72 (57 
revision)

10 
years

69 
years

Howmedica 
kinematic rotating 
hinge

KSS—
28/40

36 Persistent pain, 
extensor 
dysfunction, 
infection
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 primary and revisions arthroplasties regarding 
complication types. Authors studied 85 Endomodel 
RHK done in 52 primary and 33 revisions cases 
with mean follow up of 36 months. Authors noted 
an overall complication rate of 28.4% (24 compli-
cations: 9 deep infections, 4 patellar complica-
tions, and 3 cases of aseptic loosening). A 
significant relation was established between the 
occurrence of a complication and the presence of 
several associated comorbidity factors (obesity, 
heart disease, diabetes, etc.) [29, 35].

Series by Deehan et  al. included 15 primary 
cases and 57 revision cases with kinematic rotat-
ing hinge (second-generation RHK). In half of 
the cases, bone defects were AORI 2 or 3. These 
authors found persistent dull ache as the most 
common complication (13.9%), while infections 
found in only 7% of cases. No correlation existed 
between bone loss identified at time of surgery 
and failure or periprosthetic fracture [32].

Shen et  al. in 2014 published their study 
focussed on choosing the right degree of con-
straint in revision knee arthroplasty. Clinical out-
comes of 183 AORI Type I knees, 168 Type II 
knees and 124 Type III knees utilizing posterior 
stabilized (PS), unlinked constrained (UC) or 
hinged prostheses were evaluated over an aver-
age of 7.4 years. Posterior Stabilized implants 
showed superior knee scores in AORI Type I 
patients, Unlinked Constraint implants in Type II 
and III aseptic patients, and RHK showed better 
results in septic Type II or III knees. Patients 
undergoing revision arthroplasty for infection 
who have type II or III bone defect may benefit 
from the use of linked constraint prosthesis [30].

46.7  Summary

RHK is indicated in complex situations in primary 
and revision TKA. Indications include bone defect, 
severe ligament instability and recurvatum laxity. 
RHK should have rotating tibial platform. Hinge 
mechanism should be more central position, strong 
and long lasting. Restoration of joint alignment, 
patellofemoral kinematics and uniform load shar-
ing of articular surfaces are basic principles of 
modern RHK.  It should permit optimum func-
tional range of movement with stability. Selection 

of RHK is very critical with pre-operative evalua-
tion but final decision may be made after assessing 
intraoperative stability. Higher the constraint 
poorer is the longevity of survival. Higher con-
straint design need strong metaphyseal bone sup-
port or reinforcing augment support like trabecular 
metal cone or metal sleeve. Stems are usually 
required in all RHK to transfer some load on 
diaphysis and resist angular deforming forces on 
implant. Risk of infection is higher in RHK series 
as it is indicated in complex situation requiring 
longer duration of surgery and not directly related 
to implant. RHK implant design incorporates 
additional mechanical components which can fail, 
modern technology update and modifications will 
continue over the future for better biomechanically 
long-lasting RHK.
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47.1  Introduction

Unicondylar knee arthroplasty (UKA) was first 
introduced in 1950s as a viable treatment alter-
native for unicompartmental osteoarthritis (OA). 
UKA provides better proprioception, fast-track 
recovery, more normal gait, good bone stock 
preservation and restores near-normal kinemat-
ics with preservation of both cruciate ligaments. 
With the advancement in surgical techniques 
and implants, surgeons have achieved good 
functional outcomes and survivorship. Modern 
UKA implantation can be performed using mini-
mally invasive approach with low incidence of 
complications. Therefore, the numbers have 
nearly tripled to those of total knee arthroplasty 
(TKA) in the last decade [1, 2]. The literature 
has already demonstrated 90% survival rates at 
10 years after modern UKA [3, 4]. Despite the 
successful results, knee replacement registries 
still show a relatively high revision and failure 
rate of UKA as compared to conventional TKA 
[5]. Furthermore, incidence and type of compli-
cations associated with UKA depend on design 
of implant and expertise of surgeon who has per-
formed the procedure. More conformity in fixed 
bearing increases more interface stresses on 

femoral side; thus, femoral side loosening was 
noted more with these implants but worked well 
with mobile-bearing designs. However, bearing 
dislocation was found to be a predominant fail-
ure mode with mobile designs [6]. Most com-
mon causes of UKA failure are progression of 
arthritis to opposite side, aseptic loosening of 
components, bearing dislocation in mobile-bear-
ing designs, polyethylene wear, periprosthetic 
joint infection (PJI), knee stiffness, and unex-
plained knee pain [7]. This chapter discusses the 
causes and modes of failure of UKA, various 
surgical aspects, and outcomes of UKA conver-
sion to TKA.

47.2  Surgical Aspects: Conversion 
of Failed UKA to TKA

Depending upon the type, cause, and conse-
quences of failed UKA, revision options avail-
able are as follows:

 1. Insert exchange: It can be done in cases of 
polyethylene dislocation or wear with well- 
fixed stable implant, intact ligaments, no 
instability, no progression of arthritis, and no 
sign of osteolysis or infection.

 2. Revision to UKA: It can be performed where 
aseptic loosening of one or both the compo-
nents is present with no damage to opposite 
side compartment and good bone stock avail-
able with intact cruciate ligaments.
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 3. Conversion to total knee arthroplasty: It can 
be a demanding procedure in terms of joint 
exposure, intraarticular adhesions, removal of 
previous implant, instability, bone defects, 
and need for revision or constrained compo-
nents for adequate balancing of soft tissues. 
So meticulous surgical planning prior to 
definitive procedure is required.

47.3  Preoperative Planning 
and Surgical Consideration

Meticulous surgical planning is important to 
facilitate intraoperative decision-making and 
reducing the surgical time of removal of the 
procedure.

• Most of the UKAs can be converted to TKAs 
with primary components or using constrained 
poly insert only but one should be prepared 
with the need of revision components. These 
include femoral or tibial component stems or 
augments or constrained components.

• Preoperative radiographs AP and lateral view 
(knee) with long-film scanogram should be 

performed to look for signs of loosening, pos-
sible bone stock loss, or deformity. On AP 
view, a horizontal line of resection is drawn 
just at the level of previous prosthesis on tibial 
side or medial defect perpendicular to mechan-
ical axis of tibia. If on the lateral or unaffected 
side distance from the drawn line is less than 
10 mm, then no augments would be needed. If 
it is more than 10–15 mm, then possibly one 
should try to build up the medial tibial defect 
either with bone graft or augments (Fig. 47.1).

47.3.1  Step 1: Exposure

• As a dictum previous incision should be used 
or if multiple incisions are present, then lateral 
most incision is used. In cases where a previ-
ous minimal invasive incision is present, then 
it needs to be extended proximally into a more 
traditional approach (Fig. 47.2).

• Medial arthrotomy is done as in conventional 
TKR. Quadriceps v-y plasty or snip is rarely 
needed in conversion of UKA to TKA.

• Initial medial capsule and medial collateral 
ligament release are done as usual (Fig. 47.3).

Fig. 47.1 Showing 
preoperative planning 
for tibial side resection 
and anticipating the 
medial defect
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47.3.2  Step 2: Removal of Femoral 
Component

• Insert removal can be done by applying 
forces in upward direction using thin osteo-
tome inserted at the tibial-poly interface 
(Fig. 47.4).

• The femoral component is removed by dis-
rupting the cement–implant interface to pre-
vent excessive bone loss using thin flexible or 
rigid osteotomes or thin saw blade or giggli 
saw wire (Fig. 47.5). Front (axial) hammering 
using mallet is done as it breaks the cement 
and helps in removal of implant with ease.

47.3.3  Step 3: Femur Preparation

Step 3A: Distal Femoral Cut

• Careful removal of femoral component usu-
ally produces contained defects medially that 
can be resected using standard distal femur 
cuts (9–11  mm from unaffected condyle) 
using intramedullary jig (Fig. 47.6).

Step 3B: Femur Sizing/Rotation and 
Preparation

• Femur sizing is done carefully as there is loss 
of posterior part of medial femoral condyle. 
Due to this, faulty seating of pedals of femoral 
sizer may lead to more external rotation. So 
other landmarks like Whiteside’s line, tran-
sepicondylar axis should also be taken in con-
sideration while assessing femoral rotation for 
anterior and posterior cuts (Fig. 47.7).

• Femur four in one cutting guide in applied and 
anterior, posterior, and chamfer cuts are taken 
followed by box cut (in PS knee only) 
(Fig. 47.8).

47.3.4  Step 4: Tibial Implant Removal

• All poly tibial components can be removed by 
cutting the implant–cement interface and 

Fig. 47.2 Showing previous incision was used with 
proximal extension for adequate exposure

Fig. 47.3 Showing initial medial release with small 
curved osteotome
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amputating the pegs. Using curettes or high- 
speed burr, these cemented pegs can be 
removed.

• Metal back tibial implants can be removed 
using thin flexible or rigid osteotomes or thin 
saw blade disrupting the metal–cement inter-
face. Then, remaining cement can be removed 
using cement extraction tools or curettes 
(Fig. 47.9).

47.3.5  Step 5: Tibial Resection 
and Preparation

• Using intramedullary or extramedullary jig 
(depending on surgeon’s choice), a prelimi-
nary tibial resection cut is taken, 10 mm from 
unaffected tibial condyle to allow for assess-
ment of the defect (Fig. 47.10).

• Tibial broaching is done.

Fig. 47.4 Showing insert removal with upward axial forces using osteotome

Fig. 47.5 Showing technique of femoral component removal with medial condyle defect and amount of bone loss on 
the backside of femoral component
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47.3.6  Step 6: Management 
of Residual Bone Defect

• In small residual defect by increasing the tib-
ial resection, thicker poly can be used to bal-
ance the knee

• In cases of large residual contained defect, 
autograft obtained locally from distal femur 
cut or metal augments should be used.

• It is advisable to use modular tibial stems to 
bypass the defect and offload the surface while 
augments or bone graft support the implant

47.3.7  Step 7: Soft Tissue Balancing 
and Final Implantation

Final medial-lateral soft tissue balancing is 
checked. If needed, constrained poly should be 
used with stem tibial component. Patella tracking 
is checked if not appropriate, then resurfacing 

Fig. 47.6 Showing only (minimal) residual medial condyle bone defect after standard distal femur cut resection

Fig. 47.7 Showing femoral bone loss on posterior aspect 
of medial femoral condyle which may lead to increased 
external rotation of femoral component
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should always be performed with lateral release 
as done in conventional TKA. In grossly unstable 
knee due to collateral laxity, semi- or fully con-
strained hinge knee prosthesis with stemmed 
components should be used (Fig. 47.11).

47.4  Tips and Pearls

 1. Large defects should always be built up with 
locally available bone graft or augments

 2. Tibial stems should always be used in cases of 
large defects to offload the surface and sup-
port the implant

 3. One should not hesitate in using constrained 
options when not able to balance the knee

47.5  Discussion

Conversion of failed UKA to TKA can be a chal-
lenging and highly demanding procedure that 

Fig. 47.8 Showing four in one cutting jig in place followed by box cutting jig

Fig. 47.9 Showing tibial component removal with minimal bone loss
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depends on how conservative the index surgery 
was performed and amount of bone stock avail-
able. In this chapter, we have described our pre-
operative surgical planning and intraoperative 
surgical techniques of conversion to 
TKA. Furthermore, we would ascertain the out-
comes of conversion to TKA in terms of pain, 
range of motion, function, and survivorship.

Pandit et  al. in their study noticed 2.9% of 
complication after 1000 UKA at mean follow up 
of 5.6 years. The most common reason for revi-
sion to TKA was progression of arthritis to oppo-
site side, rest were bearing dislocation and 

unexplained knee pain. In 19 cases of conversion 
to TKA, they used revision devices (stem/
wedges) only in 2 patients while rest were con-
verted with primary components only [8].

Epinette et  al. in their multicentre study 
reported loosening as the main reason for failure 
(45%), followed by progression of OA to other 
compartments (15%) and wear (12%) among 418 
cases of failed UKA. Other reasons were techni-
cal problems in 11.5% of cases and unexplained 
pain in 5.5%. The infection rate was 1.9% [9]. 
Kim et al. in their study that included 3138 UKAs 
said bearing dislocation was the most common 

Fig. 47.10 Showing medial tibial defect after implant removal, extra resection of tibia leads to no residual medial 
defect
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reason for failure of UKA at mean follow-up of 
5.6 years. Rate of bearing dislocation was signifi-
cantly higher in Asian population than Western 
world. Aseptic loosening of tibial or femur com-
ponent was the second most common reason fol-
lowed by progression of disease to other 
compartments, infection, and medial tibial pla-
teau fracture [10]. A systematic review done by 
Ko et  al. had found overall complication and 
reoperation rates were comparable between fixed 
(1377) and mobile-bearing designs (1392); how-
ever, mobile bearings were more susceptible for 
bearing dislocation and aseptic loosening which 
was associated with osteolysis due to more active 
wear particles that have high propensity for oste-
olysis [11].

No clear consensus is available in the litera-
ture over functional outcomes and survivorship 
of TKA after failed UKA.  Conversion of first 
generation UKAs to TKAs had poor results than 
primary or revision TKAs while conversion of 
second-generation UKAs resulted in better out-
comes of TKAs when compared to primary 
TKAs [7].

Kerens et al. in their study noticed unfavour-
able outcomes of conversion of UKAs to TKAs 
when unexplained pain was the reason than revi-
sion for a known case. Furthermore, other studies 
reported favourable outcomes of conversion of 
failed UKAs where the reason was progression of 
arthritis, polyethylene wear, and bearing disloca-
tion than loosening was the primary reason of 
conversion [12, 13].

Lunebourg et al. reported that progression of 
OA was the main reason of conversion of UKAs 
to TKAs, and results of revised TKAs were more 
comparable to revision TKA. The author included 
48 converted UKAs to TKAs, 48 primary TKAs, 
and 48 revision TKAs after matching the age, 
gender, BMI, preoperative knee society score, and 
length of follow-up with date of index surgery. 
Forty-three converted TKAs received primary 
posterior stabilized knee and 5 semiconstrained 
implants. He concluded that even if conversion of 
UKA to TKA was less demanding than revision 
TKA, outcomes and survival rate after revision 
UKA were more comparable to revision TKA and 
not to a primary TKA [14].

Fig. 47.11 Showing final implantation with semiconstrained thicker insert (needed for balancing of soft tissue) with 
stemmed tibial component
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Similarly, Craik et al. in their study of conver-
sion of 25 UKAs to TKAs found 34% patients 
required augments, stemmed tibial components, 
or bone grafts. Outcomes of converted TKAs 
were poor as compared to successful UKAs and 
primary TKAs due to poor preoperative function 
of failed UKA patients [15].

47.6  Summary

Although advancements in instrumentation, surgi-
cal techniques and advent of second-generation 
implants in UKA incidence of failure have been 
greatly reduced. Yet bearing dislocation, progres-
sion of arthritis, polyethylene wear, and mechani-
cal loosening will keep affecting the survivorship 
of UKA. Conversion of UKA to TKA is more tech-
nically demanding procedure than primary TKA 
and outcomes are comparable to revision TKA 
group not to primary TKA.  Many UKAs can be 
converted to TKAs using primary implants only 
but surgeons should be aware that stems, augments, 
or bone grafts on tibial side are often required.
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Total Knee Arthroplasty
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48.1  Introduction

Revision total knee arthroplasty (rTKA) is a cost- 
effective means of improving function and qual-
ity, despite its technical challenges [1]. With an 
ever-increasing revision burden, encountering the 
multiply revised knee patient is no longer a clini-
cal rarity [2]. Unfortunately, studies demonstrate 
worse clinical outcomes and survivorship after 
each subsequent revision [3, 4]. Revision TKA 
failure rates are roughly between 12% and 32%, 
with the lower end representing aseptic cases [3, 
5–7]. Survivorship for rTKA is estimated to be 
85% at 5 years, 78% at 10 years, and 71% at 15 
years [7]. Risk factors for failure include male 
gender, younger age at time of revision, and 
single- component revisions [6].

Causes of failure after rTKA, in decreasing 
order of frequency, include deep infection, insta-
bility, aseptic loosening, and chronic pain [5, 7]. 
This population presents several unique chal-
lenges in order to achieve satisfactory clinical 
outcomes. This chapter reviews the complexities 
associated with re-revision of a previously 
revised TKA with regard to their preoperative 

evaluation, intraoperative surgical consider-
ations, and postoperative management.

48.2  Indications

Similar to revision after index primary TKA, it is 
critical to differentiate between septic and aseptic 
causes of failure. We will primarily focus on the 
latter in this section, as Chap. 26 focuses on peri- 
prosthetic knee joint infections. The most com-
mon failure mechanisms encountered after rTKA 
include instability, aseptic loosening, arthrofibro-
sis, issues with patellofemoral tracking/instabil-
ity, and component fracture.

Total knee arthroplasty instability is one of the 
leading causes of failure both in the primary and 
in revision setting. Appropriately achieving coro-
nal and sagittal plane balance throughout the knee 
arc of motion is more challenging after rTKA. Fol-
lowing multiple surgical interventions, soft tissues 
are either scarred and taut, or loose and attenuated. 
Bone loss associated with prior implant removal or 
the underlying etiology of failure further compli-
cates rTKA balancing, especially as more severe 
bone loss may include ligamentous insertion sites.

Aseptic loosening and arthrofibrosis are other 
common causes of failure after rTKA [8]. Aseptic 
loosening can particularly be a problem when 
prior revisions have used implants with high 
levels of constraint and stem extensions. Less 
common indications for revision include patello-
femoral instability and component fracture.
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48.3  Preoperative Assessment

At the time of clinical presentation, patients have 
already failed at least one rTKA procedure. 
Therefore, the preoperative assessment should 
focus on four main objectives:

 1. confirming the etiology responsible for rTKA 
failure;

 2. identifying factors (ranging from patient- 
centered to peri-operative considerations) 
contributing to failure;

 3. developing strategies to optimize the patient 
for surgical intervention; and

 4. setting and managing patient expectations.

48.3.1  Patient History

Details regarding the characteristics of the pre-
senting symptom, typically pain, should be eluci-
dated by the clinician. Mechanical symptoms, 
reports of the knee “giving out,” difficulty stand-
ing from a seated position, or an inability to 
negotiate stairs represent complaints more con-
sistent with instability. Start-up pain or pain with 
the first few steps of ambulation should alert pro-
viders to the possibility of aseptic component 
loosening. Extra-articular conditions such as spi-
nal stenosis, ipsilateral hip pathology, or vascular 
disease may also present with a chief complaint 
of knee pain. In these instances, it is important to 
inquire about the presence or absence of associ-
ated symptoms, such as radicular pain, thigh 
pain, groin pain, and neurologic or vascular clau-
dication. The presence of these symptoms should 
prompt a preoperative evaluation by the appropri-
ate specialist.

Obtaining a thorough past medical history and 
documenting specific comorbidities must be per-
formed during the initial evaluation of a patient 
presenting with a painful, previously revised 
TKA. Poorly controlled diabetes is an indepen-
dent risk factor for complications following 
rTKA [9]. If case urgency allows, these patients 
should be optimized so they exhibit tight glyce-
mic control prior to undergoing re-revision sur-
gery [10–12]. The same holds true for patients 

with modifiable endocrinopathies or nutritional 
abnormalities [13, 14]. The deleterious effect of 
smoking on wound complications and overall 
reoperation rate is even more substantial for revi-
sion surgeries as compared to primary TKA [15, 
16], although this has not always been replicated 
in the literature [17]. An intensive smoking cessa-
tion program prior to surgery can help mitigate 
this postoperative complication risk [18, 19].

Understanding a patient’s baseline pain medi-
cation use is important as a positive correlation 
has been demonstrated between preoperative opi-
oid use and adverse outcomes after rTKA [20]. 
Unfortunately, patients who have undergone 
prior revision are also more likely to have higher 
opioid consumption compared to primary TKA 
[21]. Fortunately, structured peri-operative pain 
strategies that rely on a multi-modal pathway can 
lessen the need for postoperative opioid medica-
tions [22].

Other risk factors for increased pain medica-
tion use after rTKA, namely younger age and a 
history of depression, should be identified preop-
eratively [23]. Lower preoperative mental health 
scores, notably for anxiety and depression, have 
shown to be associated with poor clinical out-
comes. Currently, there is no evidence that any 
specific preoperative intervention can reliably 
neutralize this variable [18]. Lastly, patients with 
poor dentition should be referred for formal den-
tal evaluation [10].

A detailed surgical history pertinent to the 
knee in question is critical, and it should begin 
with the indication for the index TKA, as well as 
each subsequent revision. Serial radiographs, 
laboratory tests, and clinic notes should be 
reviewed. Prior operative reports will have infor-
mation regarding approach used, soft tissue 
releases performed, and the size and manufac-
turer of current implants in place. A detailed 
inquiry should be made regarding the previous 
postoperative course, paying special attention to 
potential complications encountered. A history of 
deep infection or delayed wound healing without 
a subsequent pain-free interval points to infection 
as the cause of pain. A prolonged period of 
immobilization in a brace could signify an exten-
sor mechanism or ligamentous disruption during 
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previous surgeries, and this may be the only clue 
of this complication from the history. If the 
patient previously sustained a venous thrombo-
embolic event, an alternative postoperative pro-
phylaxis strategy may be required.

Lastly, it is important to understand the 
patient’s current functional status, as well the 
patient’s functional expectations following 
another rTKA. Re-revision TKA can be an oner-
ous undertaking, and patients must be properly 
counseled regarding the extensive recovery as 
well as realistic goals for postoperative function. 
It is important to explain to the patient that all 
failed TKAs, particularly due to aseptic causes, 
do not have to be surgically revised. Shared 
decision- making between provider and patient is 
very important and is centered around setting 
patient expectations. That being said, if the rea-
son for rTKA failure is properly diagnosed, sur-
gically treating the problem can result in favorable 
clinical outcomes.

48.3.2  Physical Exam

An initial general inspection of the lower extrem-
ity should be performed to gauge overall attitude 
of the limb, coronal alignment, presence or 
absence of flexion contractures, and presence of 
lymphedema. Examination of the knee starts with 
the skin and should determine the location of pre-
vious incisions, mobility of the anterior soft tis-
sues, presence of any wounds, and venous stasis 
or ulcerations that require treatment prior to pro-
ceeding with re-revision surgery (Fig. 48.1) [24]. 
The presence of a substantial knee effusion may 
be present in the setting of infection, instability, 
or chronic synovitis. The decision to aspirate the 
knee can be made based on a thorough history 
and a high pre-test probability of a peri-prosthetic 
infection.

Knee range of motion (ROM) must be assessed 
and accurately documented. Not only is preoper-
ative ROM predictive of postoperative ROM, but 
severe stiffness and lichenified tissue may dictate 
a more extensile surgical exposure [25, 26]. In 
the setting of limited ROM, it is important to 
inquire how long this has been the case—long- 

term restricted ROM may aid in counseling the 
patient regarding postoperative expectations on 
knee flexion.

Minimal patellar mobility in the sagittal plane 
can indicate scarring and adhesions within the 
extensor mechanism. The status of the extensor 
mechanism, as well as baseline patellar tracking 
throughout the ROM, is important to understand 
prior to any additional surgical intervention. An 
extensor lag may be the only sign of a dysfunc-
tional extensor mechanism, and this must be dif-
ferentiated from a residual flexion contracture; 
the inability to terminally extend the knee pas-
sively signifies a flexion contracture.

Coronal plane stability at differing positions 
throughout the ROM should be assessed. The 
presence of hyperextension is typical for patients 
that are loose in extension. Mid-flexion instabil-
ity is often elicited at 30–45° of flexion with 
excessive painful varus and valgus laxity. Flexion 
instability is seen in 90° of flexion with the 

Fig. 48.1 Clinical image of a patient that has undergone 
several prior revision knee surgeries. The skin incision has 
healed, but the soft tissue sleeve over the proximal tibia is 
very thin and in danger of compromise with additional 
surgical intervention
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patient seated at the edge of the table. An axial 
load on the tibia is placed by both hands of the 
examiner while the distal femur is stabilized by 
the exam table. Increased laxity in flexion will 
result in an audible/palpable clunk when the tibia 
is released, and the polyethylene encounters the 
posterior femoral condyles of the femoral pros-
thesis. Increased anterior and posterior transla-
tion in the seated position is a more subjective 
test for flexion laxity (Fig. 48.2a–c).

A careful neurovascular examination should 
be performed to ensure adequate motor control 
and vascular status of the limb. Non-invasive vas-
cular studies and a vascular surgery consultation 
should be considered if diminished pulses are 
present. Duplex ultrasonography can be used to 
investigate signs of venous insufficiency. We also 
recommend a full examination of the ipsilateral 
hip and spine. If the history and exam are consis-
tent with referred pain from one of these adjacent 
areas, then the appropriate workup should follow 
prior to revising a rTKA.

48.3.3  Laboratory Studies

In addition to blood tests routine for patients 
undergoing major surgery (complete blood count, 

basic metabolic panel, and coagulation studies), an 
erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP) should be customary 
when evaluating a painful rTKA. If the inflamma-
tory markers are normal, the knee joint does not 
need to be aspirated. However, we as well as other 
authors advocate for routine knee aspiration irre-
spective of normal inflammatory indices [24].

Re-revision TKA leads to more blood loss than 
primary TKA, typically requiring deflation of the 
tourniquet for a period of time during the proce-
dure prior to re-inflation. Therefore, anemic 
patients should be worked up to determine the 
cause and be optimized appropriately. If no con-
traindications exist, tranexamic acid (TXA) 
should be utilized for all patients, as TXA has 
demonstrated a benefit in rTKA [27]. We also rec-
ommend obtaining preoperative nutritional labo-
ratories: albumin, pre-albumin, and total protein. 
Evidence suggests that nutritional abnormalities 
are associated with poor outcomes and should be 
repleted prior to revising a rTKA [13, 14].

48.3.4  Imaging

Standard radiographic workup includes three 
views of both knees: weight-bearing anteroposte-

a b c

Fig. 48.2 (a) Patient in the seated position and (b) axial 
loading of the tibia which demonstrates flexion instability 
upon release. (c) The patient’s femur is stabilized with the 

left hand upon release of the axial load to feel the flexion 
instability
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rior (AP) and lateral X-rays as well as a sunrise or 
merchant view of the patellofemoral joint. We rec-
ommend obtaining a hip-knee-ankle/full- length 
X-ray of both lower-extremities when possible to 
assess for overall limb alignment and presence of 
extra-articular bowing or deformities.

A systematic approach to evaluating TKA 
arthroplasty X-rays must be employed to mini-
mize the risk of overlooking a cause for failure.

48.3.4.1  AP Knee Radiograph
One must evaluate implant size and positioning 
on all views available, ideally with the ability to 
compare prior radiographs before the patient 
became symptomatic. On the AP radiograph, 
errors in coronal alignment are evaluated 
(Fig. 48.3a–d). Excessive varus positioning of the 
tibial component has been known to be an inde-
pendent risk factor for aseptic loosening [28, 29]; 
however, it is important to appreciate that exces-
sive varus of the femoral component can be just 
as detrimental [30]. Full-length, standing, bilat-
eral lower limb alignment radiographs can help 
determine the angle of the distal femoral resec-
tion. Additionally, the status of the ipsilateral hip 
and ankle joints can be evaluated, as well as the 

existence of any diaphyseal deformities. The 
presence of hardware elsewhere in the extremity 
can alter the surgical plan and may necessitate a 
staged revision approach. Whether the joint 
height needs to be altered can also be gleaned 
from comparison to the contralateral limb. If 
necessitated by the above workup, varus and val-
gus AP stress views can be used to further evalu-
ate the integrity of the medial and lateral soft 
tissues.

48.3.4.2  Lateral Knee Radiograph
The lateral view will allow the clinician to appre-
ciate abnormalities in the sagittal plane. 
Comparison with the patient’s native knee lateral, 
X-ray is the best method by which to assess if the 
posterior condylar offset is appropriate. The pres-
ence of a significant anterior femoral notch may 
signify posteriorization of the femoral compo-
nent. Insufficient or excessive posterior condylar 
offset reconstruction and posteriorization of the 
femoral component will manifest as restricted 
ROM and loss of flexion. A femoral component 
in excessive flexion would present with an inabil-
ity to achieve terminal extension. This could 
cause a femoral stem extension to abut the ante-

a b c d

Fig. 48.3 (a) AP radiograph demonstrating a revision 
TKA that has failed in valgus with aseptic loosening of 
the femoral component with (b) radiolucencies seen at the 
cement–bone interface on the lateral projection; (c) AP 

and (d) lateral femoral reconstruction with two cones and 
screw fixation of a fractured medial femoral condyle to 
the tantalum cone
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rior cortex, which is important to note if removal 
of this component is planned.

Excessive tibial slope could contribute to 
instability at 90° of flexion while reverse tibial 
slope can result in an inability to achieve terminal 
extension (Fig. 48.4a, b). The presence of staples 
or suture anchors in the tibia tubercle should alert 
the surgeon to an extensor mechanism injury dur-
ing a prior surgery. The joint should be particu-
larly carefully exposed in these settings, as a 
previously repaired tendon could be tenuous. 
Further, particular attention needs to be paid to 
the extent of the tibial cement mantle, as this may 
require an osteotomy to gain access for removal.

The presence or absence of a patellar compo-
nent is important to recognize. Patellar position-
ing, thickness, and the quality of the residual 
patellar bone stock must be evaluated (e.g., pres-
ence of osteonecrosis or patellar fracture). Patella 
alta may be secondary to patellar tendon rupture, 
while patella baja signifies a quadriceps tendon 
rupture, joint line elevation, or interstitial fibro-
sis/scarring of the patellar tendon.

48.3.4.3  Sunrise or Merchant View
As mentioned above, the status of the patella, 
resurfaced or native, is important to note and is 
easily seen on the merchant view. The status of 
the patella becomes more important if the 
patient’s history and exam point toward patello-
femoral pathology (Fig. 48.5a, b). If a resurfacing 
is planned, there should be enough patellar bone 
stock available. Asymmetry of the patellofemoral 
joint could signify rotational malpositioning of 
the tibial and/or femoral components. This may 
also necessitate soft tissue releases at the time of 
re-revision surgery.

48.3.4.4  Advanced Imaging
CT Scan
A metal-artifact limited computed tomography 
(CT) scan can be useful in evaluating for areas of 
osteolysis, as well as the thickness of cortices in 
contact with intramedullary stems. Although not 
performed routinely, axial CT images are the 
gold standard to evaluate implant rotation [31–
33]. The femoral component rotation is compared 

a b

Fig. 48.4 (a) Preoperative lateral radiograph demonstrating a failed TKA with excessive reverse tibial slope; (b) post-
operative lateral radiographs demonstrating restoration of appropriate tibial slope
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to the epicondylar axis while the tibial compo-
nent rotation is evaluated in comparison with the 
position of the tibial tubercle (Fig. 48.6a, b). A 
CT scan for component malrotation is particu-
larly useful in cases of arthrofibrosis, as docu-
menting and quantifying component rotation can 
identify technical errors that can be rectified at 
time of re-revision TKA to achieve more favor-
able ROM. Lastly, CT scans can help distinguish 

between septic and aseptic implant loosening. An 
accumulation of soft tissue adjacent to a region of 
osteolysis as well as the presence of a periosteal 
reaction is featured suggestive of an infectious 
etiology [34].

Technetium Bone Scan
Three-phase bone scintigraphy using technetium 
was first described in 1980 as a tool to assess for 

a b

Fig. 48.5 (a) Preoperative merchant view of a loose revi-
sion TKA patellar component. (b) Postoperative merchant 
view after removal of the patellar button—osteonecrosis 

and inadequate thickness of the residual patellar bone 
stock precluded reconstruction due to high risk of patellar 
fracture

a b

Fig. 48.6 CT-scan image demonstrating slight internal 
rotation of the (a) femoral component compared to the 
epicondylar axis and (b) internal rotation of the tibial 

component compared to the junction of the medial and 
middle third of the tibial tubercle
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implant loosening in TKA. It continues to play a 
role in evaluating painful prosthetic joints today 
[35]. The uptake of 99mTC-MDP depends on 
blood flow and bone turnover; fracture, hetero-
topic ossification, neoplasm, and arthritis can all 
lead to false-positive results. Bone scintigraphy’s 
most attractive feature is its high sensitivity, 
meaning, a normal scan almost certainly rules out 
implant loosening—whether septic or aseptic 
[34]. However, bone scintigraphy is unable to reli-
ably differentiate implant loosening from infec-
tion and often does not add diagnostic clarity to a 
patient’s clinical picture [36]. We do not routinely 
obtain bone scans unless all previously obtained 
imaging and workup remains equivocal or are dis-
cordant with the patient’s symptomatology.

48.3.4.5  General Considerations
Irrespective of the radiographic view, the impor-
tance of carefully scrutinizing all images for 
osteolytic changes and aseptic loosening cannot 
be overstated. Appreciating this bone loss can 
lead to anticipating requirements at surgery, such 
as the need for stems, cones, sleeves, augments, 
bone graft, and higher-constrained implants. 
Quantifying osteolysis can be a challenge, as the 
presence of the implant can obscure visualization 
of the supporting bony architecture. This particu-
larly applies to lesions about the femur, which can 
be quite subtle and easily overlooked. Obtaining 
radiographs or fluoroscopic images exactly tan-
gential to the articular surface and implant fixa-
tion interface can ease this process [37]. Oblique 
radiographs of the femur can be helpful in evalu-
ating for osteolysis [38]. Lastly, osteolysis about 
the tibial tubercle could lead to devastating exten-
sor mechanism complications if not appreciated. 
If this is present, it is reasonable to perform a 
quadriceps snip early in the procedure in order to 
safely expose the knee while mitigating fracture 
risk. The utility of a tibial tubercle osteotomy is 
limited in the setting of osteolysis in this region.

Implant identification is a critical part of the 
preoperative evaluation. Particularly in the re- 
revision setting, where current components in 
situ are likely to be less commonly used and, 
therefore, less recognizable than primary TKA 
implants. The tibial and femoral components will 

be stemmed, and metaphyseal sleeves and cones 
can be difficult to visualize on plain radiographs. 
Ideally, detailed implant information will be 
obtained from prior operative reports. However, 
incomplete documentation is often encountered, 
and identifying failed implants can be a time- 
intensive exercise [39]. Inability to identify com-
ponents preoperatively has been associated with 
longer operative times and higher healthcare 
costs [40]. In the cases where operative reports 
are inconclusive, radiographs may be the only 
data available to learn this information. Senior 
surgeon partners may be able to assist in recog-
nizing subtle, unique features that can aid in 
identification. Medical device representatives can 
also be a valuable resource. Once identified, 
ensure appropriate instrumentation for explanta-
tion is available at time of surgery.

At the conclusion of the preoperative assess-
ment, the surgeon has determined the mechanism 
of failure and identified risk factors responsible 
for this. We recommend against revision surgery 
if the only finding is pain without a clear mode of 
failure. Also, the surgeon has medically and 
socially optimized the patient. The surgeon has 
identified what structures, bony and soft tissues, 
are deficient and what is needed to reconstruct a 
balanced knee joint. All necessary equipment has 
been made ready and available, and appropriate 
surgical time has been allotted.

48.4  Intraoperative Surgical 
Considerations

Now that the diagnosis and the decision to pro-
ceed with revision of a previously revised TKA 
has been made, this chapter will now focus on 
intraoperative specifics.

48.4.1  Skin Incision

It is quite common to be confronted with multiple 
prior skin incisions when revising a previously 
revised TKA. One must be familiar with the peri- 
articular vascular anatomy before determining 
incision placement. The anterior aspect of the 
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knee is supplied by vessels that traverse medial to 
lateral. Therefore, the most lateral previous inci-
sion is preferred to avoid skin necrosis within the 
bridge between incisions [41]. The dermal plexus 
of which the skin circulation is dependent upon 
originates from arterioles traveling within the 
subcutaneous fascia. This allows large medial 
and lateral flaps to be safely raised as long as they 
are done so in a subfascial manner. This preserves 
the perforating arteriolar network between the 
subcutaneous tissue and the fascia. Transverse 
incisions can be safely crossed in a perpendicular 
fashion [42].

Wide or hypertrophic scars with thin subcuta-
neous tissue below may signify possible prior 
damage to the underlying dermal plexus. This has 
been shown to increase the chances of wound 
necrosis [43]. Plastic surgery consultation should 
be obtained if the patient has a history of burn 
injuries or previous irradiation. This may neces-
sitate preoperative local soft tissue rearrange-
ment or soft tissue expansion techniques [44].

In general, we recommend using a previous 
midline incision, with extension proximally and 
distally as needed, if possible based on the dis-
cussion above (i.e., it is the most lateral incision). 
Ideally, the distal aspect of this incision will be 
medial to the tibial tubercle.

48.4.2  Exposure

Adequate visualization is paramount in re- 
revision TKA. The stepwise surgical techniques 
for each approach are reviewed in detail in Chap. 
39 and are readily available throughout the litera-
ture [45–51]. As discussed earlier, multiple fac-
tors play a role in determining how to best obtain 
sufficient, safe surgical exposure. With a history 
of multiple prior surgeries, these issues are more 
critical. Preoperative stiffness, prior extensor 
mechanism injury, and tibia tubercle osteolysis 
may necessitate early utilization of secondary 
techniques to expose the knee without causing 
iatrogenic damage.

As it is a relatively straightforward approach 
with extensile properties, we prefer a medial 
parapatellar arthrotomy with elevation of full- 

thickness flaps. Extension proximally will allow 
for easier identification of surgical planes within 
virgin tissue. As knee flexion beyond 110° is nec-
essary for component extraction and reinsertion, 
several techniques can be employed to increase 
access in the multiply revised setting [45]. A 
complete synovectomy and excision of scar and 
adhesions should be performed to reconstitute 
the medial and lateral gutters. To mobilize the 
proximal extensor mechanism, a plane should be 
developed between the quadriceps tendon and the 
anterior cortex of the femur with removal of scar 
tissue. The extensor mechanism can be further 
debulked by carefully removing scar tissue deep 
to the quadriceps and patellar tendons. These 
steps will decrease the tension across these struc-
tures and reduce the risk of avulsing the patellar 
tendon from the tibial tubercle. At this stage, the 
polyethylene liner should be removed in exten-
sion which will allow for less tension on the 
extensor mechanism and more space prior to 
flexing the knee.

In cases where it is still difficult to mobilize 
the patella laterally, a Kirschner wire can be 
placed through the patellar tendon and into the 
tibial tubercle as an additional protective measure 
[52]. Often times it is necessary to perform an 
extensive peripheral release of the deep medial 
collateral ligament and posteromedial capsule all 
the way to the insertion of the posterior cruciate 
ligament. This allows exposure of the proximal 
tibia and tibial component, while also reducing 
tension on the extensor mechanism through tibial 
external rotation. A lateral retinacular release can 
be performed to further enhance exposure. We 
advise against a partial release of the patellar ten-
don as that increases risk of subsequent rupture 
[53]. Once appropriately mobilized, the patella 
should be safely “parked” in the lateral gutter; we 
do not recommend patellar eversion in the setting 
of rTKA—often it is not required [54].

Despite the above measures, continued diffi-
cult exposure requires employing secondary 
techniques such as a quadriceps snip [55], modi-
fied VY quadricepsplasty [56], or a tibial tubercle 
osteotomy (TTO) [57, 58]. The patellar inversion 
method can aid in exposure without violating the 
extensor mechanism, but does not yield the same 
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level of visualization [59]. Although complica-
tions can arise, one should have a relatively low 
threshold to employ a TTO in cases where an 
osteotomy may already be necessary to remove a 
well-fixed, long tibial stem.

48.4.3  Implant Removal

After obtaining adequate visualization and per-
forming soft tissue releases to allow access to the 
implants, a strategy for safe removal must be 
employed. Explantation can be very difficult, 
particularly if the implants are well fixed and are 
secured with stem extensions, metaphyseal 
porous metal devices, and/or long columns of 
cement. The goal should be to remove these com-
ponents with minimal iatrogenic bone and soft 
tissue destruction. The atraumatic removal of 
implants is of particular importance in re- 
revisions, as the structural integrity of residual 
bone and ligaments may already be tenuous from 
prior operations. These challenging procedures 
should only be performed at a specialized referral 
center by fellowship-trained surgeons with expe-
rience in dealing with these complex clinical 
scenarios.

48.4.3.1  Indications for Removal
While a majority of re-revision procedures 
involve exchanging both the tibial and femoral 
components, this is not always the case. Of 
course, in septic revisions, all hardware should be 
removed. In aseptic cases, the preoperative 
assessment, as well as intraoperative findings, 
should dictate whether one component can be 
preserved without compromising the stability 
and durability of the reconstruction. In general, 
an implant should be removed if its replacement 
will optimize the results of the revision proce-
dure. If replacing a well-fixed implant will not 
improve the overall reconstruction, that implant 
can be retained.

Many older implants do not possess the same 
versatility as their newer counterparts and retain-
ing them could limit reconstructive options. As 
surgical techniques for safe explantation have 

evolved, surgeons have become more aggressive 
in removing both the femoral and tibial compo-
nents. But this should always be weighed against 
the risks of removal, such as possible catastrophic 
bone loss, fracture, and increased operative time. 
As noted, these risks are magnified in the re- 
revision setting, and should be carefully 
considered.

All loose, malpositioned, malrotated, or inap-
propriately sized implants should be removed. In 
the setting of instability, the type of instability 
must be defined preoperatively. Patients with 
global instability—equal laxity in extension and 
in flexion—may benefit from an isolated upsiz-
ing of the polyethylene liner, although current 
literature shows mixed results with this approach 
[60, 61]. Patients with mid-flexion and flexion 
instability with a well-fixed tibial component that 
can accept a constrained polyethylene can be 
treated with an isolated femoral component revi-
sion, typically requiring upsizing and distaliza-
tion (reconstitution of the joint line) of the new 
femoral component (Fig.  48.7a–d). Otherwise, 
TKA instability often requires revision of both 
components.

A well-fixed patellar component can often be 
retained even when both the femoral and tibial 
components are revised. For this to be the case, 
the patella should have little appreciable 
 polyethylene wear, must be appropriately posi-
tioned allowing for adequate patellar tracking, 
and demonstrate appropriate thickness so as to 
not overstuff the patellofemoral joint. Further, the 
geometry of the patella should match the troch-
lear groove of the new femoral component. 
Studies demonstrate that dome-shaped patellar 
implants are compatible with a majority of revi-
sion femoral implants [62].

48.4.3.2  Tools and Instrumentation
The implant manufacturer(s) should be appropri-
ately identified prior to any surgical intervention, 
allowing for acquisition of special removal and 
implant disassembly tools. This should prompt a 
discussion with industry representatives to ensure 
implant-specific explant equipment is available, 
as this can greatly facilitate implant removal. 
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Such examples include slap hammers, polyethyl-
ene extractors, stem extraction kits, and special-
ized screwdrivers.

Besides implant-specific instrumentation, a 
combination of the following tools should be 
considered when preparing for a re-revision 
TKA. Offset osteotomes and flexible osteotomes 
are the workhorse instruments for disrupting the 
cement-implant interface (Fig. 48.8). Stacking 
osteotomes can be used for tibial component 
removal but can result in substantial bone loss if 
the surgeon is not careful to stay within the proper 
interface. Also, levering osteotomes can crush 
bone, and this technique should be avoided in 
cases of bone loss, osteolysis, or osteoporosis.

Once a starting slot has been created with an 
osteotome, oscillating or reciprocating saws are 
very helpful to further disrupt the bone-cement 
interface. Similar to osteotomes, one must be 
careful to not stray too far from the targeted inter-
face. To mitigate this risk, short passes from mul-
tiple entry points along the implant periphery are 
preferred over long passes from a single side. 
Gigli saws can allow access to difficult to reach 
areas, such as the trochlear groove. However, we 
do not routinely use them due to their tendency to 
drift away from prosthetic interfaces and damage 
surrounding bone and soft tissue.

A high-speed pencil tip or acorn burr, and 
sometimes metal-cutting instruments, can be 
valuable. A pencil tip burr can be used to initiate 
definition of the bone-cement interface. More 
complex implants may require use of a pencil tip 
burr or acorn burr to remove the intercondylar 
portion of a tibial or femoral component and 
cement within the meta-diaphyseal region. Metal 
cutting burrs or wheels may be needed for remov-
ing the pegs of an uncemented, metal-backed 
patellar component. Preoperative planning 
should prompt the request for any of these spe-
cialized burrs.

Ultrasonic instruments have become more 
commonplace in rTKA.  They are effective at 
dividing the cement–implant interface and facili-
tate removal of polymethylmethacrylate 
(PMMA). These devices are also useful for 
removing intramedullary cement [63]. However, 
they generate significant heat and can damage 
bone. When a high-pitched sound is audible, the 
process should be stopped as this signifies that 
the instrument is now up against bone as opposed 
to cement.

Following adequate implant loosening, a 
punch or extraction device can be utilized to 
apply an axial force for final extraction. Implant 
removal requires a systematic approach, and this 

a b c d

Fig. 48.7 Preoperative (a) AP and (b) lateral radiographs 
of a failed TKA due to mid-flexion instability; the tibial 
component is well fixed; the patient is an 80-year-old man 
with an extensive cardiac history who is at high risk for 

falling. A shorter surgical procedure would be safer for 
the patient. Postoperative (c) AP and (d) lateral radio-
graphs following an isolated femoral component revision
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is not the time to rush; a lack of attention to detail 
may result in iatrogenic bone or soft tissue injury 
and compromised care of the patient.

48.4.3.3  Order of Implant Removal
When revising all components, the polyethylene 
insert is removed first and should be performed 
in extension, facilitating further exposure. 
However, if a constrained polyethylene with a 
metal post or a hinged prosthesis is in place, 
removal in flexion with disassembly of the poly-
ethylene is required. Hinged knee prostheses 
have three main systems for tibiofemoral link-
age: (1) a posterior axis, (2) a metal ring bound 
to the femoral component in which a screw 
bound to the tibial component slides, or (3) a 
vertical femoral metal shaft that slides within a 

polyethylene tibial cylinder [52]. This should be 
determined prior to surgery.

Next, the femoral component is removed, as 
this creates space for subsequent tibial compo-
nent removal; advanced surgical exposure tech-
nique may be needed when performing an 
isolated tibial component revision. Following 
femoral and tibial component removal, attention 
should be turned toward the intramedullary 
cement. The decision to revise the patellar button 
should be made after the knee reconstruction has 
been performed. In order to avoid patellar frac-
ture while retracting the extensor mechanism lat-
erally, the patellar button should be removed as 
the final step.

We now will review surgical techniques for 
removing implants in the context of the instru-

Fig. 48.8 Intraoperative image of the standard instru-
ments for safe implant removal. A start slot is typically 
created with a pencil tip burr and then extended with the 

use of a series of offset osteotomes. A double-sided recip-
rocating blade is then useful to further disrupt the implant 
interface before removing the implants
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mentation most likely to be encountered in the 
multiply revised knee.

48.4.3.4  Removing the Femoral 
and Tibial Components

In order to remove a component, one must under-
stand the various modular connections that exist 
within the implant design. In the multiply revised 
knee, components encountered are more likely to 
be more complex than a simple monoblock 
implant used in a majority of primary TKAs. 
There is a high likelihood that implants will be 
stemmed, and the presence of metaphyseal cones 
and/or sleeves is becoming more commonplace 
in rTKA [64, 65]. The surface texture as well as 
fixation method (cemented or cementless) for 
each modular component should be elucidated. 
Implants from different manufacturers may 
necessitate slightly different approaches and 
techniques for removal.

The first step is to disrupt the cement-implant, 
or in the case of cementless fixation, the bone- 
implant interfaces about the condylar (or epiphy-
seal) portion of the component. Identifying the 
correct interval will decrease bone loss during 
removal. Soft tissue or bony overgrowth that is 
obscuring visualization should be removed using 
a rongeur in conjunction with electrocautery. We 
recommend dividing the interface using a power 
saw and osteotomes, while avoiding anchoring 
points such as pegs, wings, and keels. We prefer 
thinner blades as they take less bone with each 
cut. However, they can more easily deflect out of 
the intended interface and drift into good bone if 
not careful. If the entirety of the cement/implant- 
bone interface about the tibial component is not 
visible, a tibial tubercle osteotomy can be per-
formed to aid in exposure—particularly when 
needing to gain access to the lateral aspect.

Now that the condylar portion of the compo-
nent has been de-bonded, the entire implant can 
potentially be impacted free depending on the 
status of the stem. If the femoral or tibial compo-
nent is being revised for aseptic loosening, 
impaction from proximal to distal (femur) or dis-
tal to proximal (tibia) using a punch will likely 
lead to safe removal of the implant. If the stem is 
smooth and cemented, impaction at this point 

may still be fruitful if the stem stops at the 
epiphyseal- metaphyseal junction, or if it has min-
imal cement contact area.

During extraction, ensure that the component 
and cement mantle are not moving as a single 
unit as this increases the risk of fracture. If this is 
recognized, fragmentation of the cement must be 
performed prior to continuing the removal pro-
cess. Most situations, however, are not as favor-
able to the surgeon. Simple impaction will not be 
effective if the stem is offset or if there is a cement 
ring at the junction between the condylar compo-
nent and the most distal aspect of the stem. Also, 
one must avoid this impaction technique if the 
stem has a roughened surface texture, as this does 
not facilitate extraction from the cement mantle. 
Well-fixed, cementless stems should not be 
removed via impaction in this manner either.

If the condylar portion of the component and 
stem are linked via a Morse taper, they can 
become disengaged during the extraction pro-
cess. If the condylar portion is removed and the 
stem remains well-fixed in place, the surgeon 
must first thoroughly remove the cement around 
the stem. This can be done with a combination of 
burrs, thin drill bits, cement removing tools, 
K-wires, trephine reamers, or ultrasonic equip-
ment. Pasquier et al. present three unique strate-
gies when dealing with this circumstance [52]. 
Certain stem extensions can accommodate screw 
placement within its epiphyseal-facing tip. If the 
screw has strong enough purchase, a slap ham-
mer can be coupled to it and used to remove the 
stem. Device-specific instruments or vise grip 
extractors can also be placed upon the stem to 
facilitate removal. If these endeavors prove 
unsuccessful, a cortical window can be made 
about the end of the stem, and a punch can be 
used to hit the stem toward the epiphysis. Lastly, 
an extended tibial tubercle osteotomy may be 
necessary to remove the stem and cement mantle. 
These same strategies can be employed when 
encountered with a broken stem.

If the condylar portion of the implant and the 
stem remain linked and cannot be extracted using 
the above tricks, two options remain. Device- 
specific instrumentation can be used to disassem-
ble the epiphyseal portion to allow access to the 
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stem extension, which can be removed using the 
above techniques. If the two pieces cannot be dis-
engaged, a metal-cutting burr can be used to sep-
arate them. Secondly, an extended tibial tubercle 
osteotomy will grant the surgeon necessary 
access to remove the implant, particularly when 
the stem is 10 cm or longer. This is usually not 
necessary, and their techniques have been 
described in the literature [66, 67].

48.4.3.5  Removing Metaphyseal 
Components

In addition to stems of varying morphology, 
porous metal metaphyseal components have 
become popular at the time of rTKA. We will dis-
cuss the different metaphyseal options available.

Tantalum Cones
As metaphyseal cones achieve bony-ingrowth at 
the periphery, they can only be removed after the 
implant–bone interface is completely disrupted. 
This can be risky, as there is usually very little 
space, if any, between cortical bone and the 
implant. This requires burrs and very thin saws to 
perform safely in order to decrease risk of frac-
ture or obliteration of metaphyseal bone. Once 
the bone–implant interface has been disrupted 
circumferentially, a reverse hook from the 
cemented Moreland set can be helpful for extract-
ing the cone. In aseptic cases, a well-fixed cone 
can be retained without interfering with subse-
quent instrumentation. This assumes that the 
unitization between the cone and the remainder 
of the implant can be disrupted and the compo-
nent can be removed. If the component cannot be 
removed, an extended osteotomy must be per-
formed. The anterior aspect of the cone can be 
opened to allow access and disruption of the 
stem–cement–cone junction, but care must be 
taken to not generate significant tantalum debris 
[68]. This allows removal of the component, and 
the new implant can be secured within the 
remaining portion of the cone.

Porous Metal Sleeves
Metaphyseal sleeves are more challenging to 
remove. While cones are not physically linked to 
implants except via unitization with cement, 

sleeves are attached to stems by a Morse taper 
junction. One should refer to the manufacturer’s 
technique guide to understand the manner in 
which these components are assembled prior to 
attempted removal. Femoral sleeves are usually 
impacted onto an adapter which is attached to the 
condylar portion of the implant via an adapter 
bolt; then, the stem extension is screwed onto the 
sleeve. In order to remove this construct, the 
adapter bolt must first be disengaged from the 
condylar portion of the implant. Special tools, 
such as a carbide drill bit, may be necessary to 
facilitate this uncoupling [69]. Once the condylar 
component is removed, access is obtained to the 
femoral adaptor, sleeve, and stem. The femoral 
adaptor can now be dis-impacted from the 
metaphyseal sleeve and removed. The sleeve–
bone interface must now be disrupted, using a 
combination of a burr distally and osteotomes 
proximally. The sleeve and stem can now be 
removed using device-specific instrumentation or 
other tools such as vice-grip extractors.

Tibial sleeves are typically impacted onto the 
keel of the baseplate. The baseplate and stem can 
be removed through the sleeve as long as the 
impaction force can disassembly the Morse taper. 
This is typically effective for smaller stem diam-
eters (under 14 mm) [52]. If this technique does 
not work, an extended tibial tubercle osteotomy 
will be required to separate the sleeve from the 
stem to remove the components individually 
(Fig. 48.9a, b).

48.4.3.6  Cement Removal
After all implants have been removed, the intra-
medullary canal should be debrided of all cement. 
Proper visualization is required. We recommend 
removing cement in a sequential manner, starting 
from the articular surface and working toward the 
diaphyses. Hand instruments, cement taps, and 
ultrasonic equipment are very useful for this pro-
cess. Fluoroscopy can be used to confirm 
removal, although this is typically not necessary. 
It is critical to ensure complete cement removal 
prior to intramedullary reaming for subsequent 
implantation. Residual cement can dictate subse-
quent stem position and increases the risk for 
fracture or canal perforation.
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Once all of the implants are removed, they should 
be carefully examined for the presence of wear pat-
terns. This can be indicative of how to improve com-
ponent positioning to avoid similar pitfalls.

48.4.4  Reimplantation

Before commencing with re-implantation, cir-
cumferential visualization of the cut tibial and 
femoral surfaces must be obtained. Fibrinous tis-
sue should be debrided from the articular sur-
faces with a curette until healthy bone is 
encountered. A general assessment of bone loss 
and ligament integrity should be made at this 
time. This is also a reasonable time to perform a 
posterior capsular release, particularly in the con-
text of a preoperative flexion contracture.

48.4.4.1  Building a Stable Platform
We begin our re-revision on the tibial side, as this 
equally affects both flexion and extension gaps. 
This tibial “platform” is reconstituted with mini-
mal, if any, additional bone resection. Ideally, a 
maximum of 1–2 mm of bone is removed from 
the more prominent plateau in order to facilitate 
construction of a neutral mechanical alignment. 
The principle is to “build up” from the intact sur-
face, as opposed to resecting more bone in search 
of an environment more similar to primary TKA.

The intramedullary canal is used to guide 
alignment based on preoperative full-length 
lower extremity X-rays. Patients with significant 
tibial bowing may require a shorter cemented 
stem in order to ensure proper limb alignment. In 
the absence of excessive tibial bowing, the center 
of the tibial plateau lies posterior and lateral to 

a b

Fig. 48.9 (a) AP radiograph of well-fixed, infected 
metaphyseal sleeves. Note the minimal remaining lateral 
femoral condyle bone—careful removal is critical to pre-

vent iatrogenic bone loss during component removal. (b) 
The components were removed safely and a static spacer 
was placed prior to re-implantation

48 Re-revision of a Previously Revised Total Knee Arthroplasty



668

the center of the diaphysis; thus, hybrid stem 
fixation often requires offset stems in the antero-
medial direction. Templating can help identify 
the tibial canal entry point in order to ensure ade-
quate diaphyseal engagement. We recommend 
using trial stems to sound the canal for sizing as 
opposed to reaming in order to allow for endos-
teal impaction of cancellous bone within the 
canal.

Sounding the canal should take place until 
adequate press-fit, 1–1.5  cm, is obtained in the 
diaphysis. This will set the coronal alignment, 
and the surgeon can evaluate for the need for 
hemi-plateau or block augments. If there is sub-
stantial metaphyseal bone loss, cones or sleeves 
can be used to fill these voids and provide addi-
tional rotational control of the construct. If a cone 
is needed, a cone trial should be placed to protect 
the metaphyseal bone throughout the procedure.

Tibial sizing is performed by placing a trial 
component upside down on the bony surface. A 
trial implant should be placed with a snug fit; the 
decision to place block augments under the tibial 
tray will be re-assessed after femoral component 
placement and evaluation of the polyethylene 
size. A large polyethylene size can be decreased 
in 5-mm increments up to 20 mm with the use of 
block augments (i.e., a 20-mm polyethylene 
would be decreased to a 10-mm polyethylene 
with placement of a 10-mm block augment under 
the tibial tray.

48.4.4.2  Determining Femoral 
Rotation

Once the tibial platform has been established, 
there is now a reference point available to set 
femoral component rotation. Bony landmarks 
used in primary surgery (posterior condylar axis, 
Whiteside’s line) are often not available in the 
revision setting. Even the transepicondylar axis 
may be affected by bone loss after multiple sur-
geries. If a preoperative CT demonstrated inter-
nal rotation of the femoral component, this 
position should be marked prior to implant 
removal. Further assessment should be based on 
patellar tracking. We prefer to set the rotation of 
our femoral component with the knee in 90° of 

flexion and equal tension placed on the medal 
and lateral collateral ligaments. The trial femoral 
component or cutting block is then rotated until 
the medial and lateral flexion gaps are symmet-
ric. This method relies on an accurate tibial 
resection. A posterolateral augment on the femo-
ral trial can enhance the amount of external rota-
tion and is often needed in the multiply revised 
TKA.

48.4.4.3  Determining Size of Femoral 
Component and Balancing 
Knee in Flexion

The flexion gap is a function of the AP size and, 
to a lesser extent, the AP positioning of the femo-
ral component. Similar to the tibia, intramedul-
lary sizing is performed until an interference fit is 
achieved—the canal dictates the femoral compo-
nent alignment and guides the distal femoral 
resection. Femoral positioning is much more 
malleable than tibial component positioning. A 
diaphyseal engaging stem extension can be 
manipulated to influence coronal plane align-
ment. However, engagement of the femoral isth-
mus is the most reliable way to identify the 
anatomic femoral axis and dictate femoral com-
ponent alignment.

The explanted femoral component can help 
guide femoral component sizing. In general, the 
flexion space is slightly looser than the extension 
space in most re-revisions; therefore, upsizing 
the femoral component is typically needed. The 
intact soft tissues serve as a guide for determin-
ing femoral component size. As a starting point, 
the surgeon can select an implant that is the larg-
est available without any medial or lateral over-
lap. If the flexion gap is too tight, the size of the 
implant should be reduced. It is important to 
ensure proper rotation of the implant when evalu-
ating the flexion space. Also, keep in mind that 
the femoral component will have to be matched 
with a tibial insert to stabilize the flexion gap. 
The use of anterior augments, which can help 
bring the femoral component out of flexion, must 
be considered in this process as well as it will 
serve to restore the appropriate flexion space and 
posterior condylar offset.
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48.4.4.4  Determining the Joint Line 
and Balancing the Knee 
in Extension

With trial tibial and femoral components in place, 
the joint line can now be scrutinized. The joint line 
should be roughly 1 cm below the inferior pole of 
the patella. This does assume normal patellar ten-
don length and patellar position. In extension, 
other landmarks used to determine the anatomic 
joint line include the following: (1) 1–1.5  cm 
above the fibular head, (2) 2.5 cm below the lateral 
epicondyle [70], and (3) 2.8 cm below the medial 
epicondyle [71]. The easiest way to assess the joint 
line is to use a ruler and record the measurement 
from the medial epicondyle to the distal extent of 
the femoral component (Fig. 48.10).

In flexion, it is important to note that multiple 
combinations of femoral implant and polyethyl-
ene insert sizes will balance the flexion gap. A 
larger femoral component will require a thinner 
insert and thus lowers the joint line. Of course, the 
opposite is true for a smaller femoral component.

At this point, the femoral component rotation 
and size have been determined. The flexion gap 
has been balanced, and an appropriate polyethyl-
ene thickness has been selected. We must now 
determine the appropriate placement of the femo-
ral component with regard to its proximal-distal 
positioning. This will inform the surgeon whether 
distal femoral augments are needed, and whether 
the knee can be appropriately balanced without 
increased constraint.

This technique relies on a trial femoral com-
ponent that fits snug, but still has the ability to 
slide proximal. The knee, which has been bal-
anced in flexion, is now brought into full exten-
sion. The femoral component will be translated 
proximally, except for cases of flexion contrac-
ture. The knee is held in straight extension 
without residual procurvatum or recurvatum; 
this is the balanced state of the knee in exten-
sion. The gap between the femoral bone and the 
implant should be restored with augments. 
Re-trialing is performed to ensure the knee 
does not go into hyperextension with augments 
in place.

48.4.4.5  Determining Level 
of Constraint

In general, select the least amount of constraint 
that provides adequate stability, and never go 
down on the level of constraint that is already in 
place. In other words, a varus-valgus constrain-
ing polyethylene should not be exchanged for a 
posterior stabilized polyethylene at the time of 
re-revision. In the multiply revised knee, the pos-
terior cruciate ligament is rarely intact, necessi-
tating cruciate substituting implants as the 
minimal level of constraint. The surgeon must 
consider increasing level of constraint if the knee 
is difficult to balance during trialing. For exam-
ple, if varus-valgus instability is noted in full 
extension or in 30° of flexion, increased con-
straint is necessary. The same being true if the 
flexion gap, despite use of the largest femoral 
component and a thicker polyethylene insert, 
remains looser than the extension gap. Typically, 
stability can be achieved using a varus-valgus 
constrained implant, without having to employ a 
hinged prosthesis.

Fig. 48.10 Intraoperative restoration of the joint line at 
approximately 30 mm distal to the medial epicondyle fol-
lowing re-revision TKA
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48.4.4.6  Managing Bone Loss
Smaller, contained defects can be managed with 
morselized autograft or allograft. Slightly larger, 
uncontained defects are usually amenable to 
screw and cement fixation or metal augments 
[72]. Large, contained defects are best managed 
with metaphyseal cones, sleeves, or structural 
allograft. Structural allografts are the mainstay of 
treatment for large, uncontained defects. Chapters 
42 and 43 go into more detail regarding bone loss 
management in rTKA (Fig. 48.11a–e).

48.4.4.7  The Patella
If the decision is made to revise the patella, sev-
eral options exist and are dependent on the 
amount of bone stock following implant removal. 
Severe patellar bone deficiency complicates 
about 10% of rTKA [73]. If bone loss is not too 
severe, we recommend a conventional on-lay 
patellar component which is compatible with the 
femoral implant. Although a minimum of 
8–12 mm of bone is thought to be prerequisite, 
studies show as little as 4 mm can safely accept 
an on-lay component [74, 75]. An all- 
polyethylene, biconvex, dome-shaped patellar 

component can be used in situations with bone 
stock deficiency if there is an intact peripheral 
cortical rim [76]. Porous, tantalum patellar 
implants have recently been developed for cir-
cumstances of severe bone loss. These are unce-
mented prostheses that are circumferentially 
sutured to any bony or soft tissue that remains 
attached to the patellar remnant. A conventional 
patellar component is then unitized to this implant 
using cement. Ideally, bony ingrowth will lead to 
long-term stability and a durable result. Long- 
term studies on the effectiveness of these implants 
are pending.

48.5  Postoperative Management

Due to the heterogeneity of re-revision TKA, it is 
unrealistic to employ a “one size fits all” postop-
erative strategy. A reasonable, patient-specific 
approach should be determined based on intraop-
erative findings. Unless otherwise indicated, we 
allow our patients to be weight bearing as toler-
ated with immediate, unrestricted active knee 
range of motion (ROM). In particular, we empha-

a c e f

b d

Fig. 48.11 Preoperative (a) AP and (b) lateral radio-
graphs of a patient sent for evaluation with a spacer and 
draining sinus tract. (c) and (d) The knee was re-debrided 
and a static spacer was placed. (e) and (f) Following clear-

ance of the infection, the final re-implantation required 
two metaphyseal cones, a diaphyseal cone, and a rotating 
hinge knee prosthesis
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size achieving terminal extension during the 
early postoperative period. A brief time period of 
limited ROM is a reasonable approach to protect 
the skin incision and soft tissue envelope. The 
skin is typically re-approximated with 2-0 nylon 
suture, which demonstrates decreased wound 
complications in TKA [77]. A sterile, water- 
proof, silver impregnated dressing is placed over 
the incision to allow the patient to shower in the 
postoperative period. The sutures and the dress-
ing are removed in the outpatient clinic at 10–14 
days postoperatively.

In the case of an intraoperative fracture, we 
limit weight bearing for an appropriate period of 
time depending on fracture characteristics. If 
there is concern regarding the extensor mecha-
nism, we have a low threshold to immobilize the 
knee in full extension and restrict range of motion 
anywhere from 2 to 6 weeks. In cases where 
medial and/or lateral soft tissues need to be pro-
tected postoperatively, a knee brace with varus- 
valgus support is utilized with unrestricted ROM.

48.6  Salvage Options

Not every patient with a failed rTKA is a candi-
date for a complex re-revision surgery as 
described above. For aseptic cases, three main 
alternate options exist: (1) reconstruction with a 
megaprosthesis (as is commonly seen in onco-
logical surgery), (2) knee arthrodesis, or (3) 
above knee amputation. The decision as to which 
to pursue is dependent on the patient’s medical 
status, functional goals, available bone stock, and 
status of the soft tissue sleeve. Discussion of 
these options in great detail is beyond the scope 
of this chapter.

48.7  Summary

Revising a previously revised total knee arthro-
plasty can be a very onerous undertaking. Success 
in these complex cases depends on a careful, 
thorough preoperative evaluation to determine 
the cause of the initial failure(s). Modifiable 

patient factors must be optimized. Constructing a 
detailed surgical plan with backup contingencies 
while allowing for flexibility depending on intra-
operative findings is absolutely paramount. More 
importantly, limitations for the surgeon, the sur-
gical team, or the health system must be identi-
fied prior to any re-revision TKA. If appropriate 
care cannot be reliably delivered to the patient, 
then they should be transferred to a revision cen-
ter for definitive management.
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Bulk Allografts in Revision Total 
Knee Arthroplasty

Rajesh Malhotra and Deepak Gautam

49.1  Introduction

Management of large bone defects is one of the 
major challenges encountered in revision total 
knee arthroplasty (TKA). Large defects not 
amenable to salvage with metal augments, cones 
or sleeves are best treated with the use of bulk 
allografts [1, 2]. The bulk allografts can be 
anatomic specific (site, size and shape matched) 
or can be shaped into the skeletal structure 
depending on the bone defect being treated hence 
also called the structural allograft. The bulk 
allografts not only fill up the bone defect but also 
provide a biological environment and restore the 
bone stock for future revision(s) if required. The 
bulk allografts are usually stabilised with the 
long-stemmed revision total knee components 
which provide mechanical stability to the 
construct. Frequently, adjunctive fixation may be 
required for stabilisation of the graft. These 
allografts have certain disadvantages including 
infection, disease transmission, possible non- 
union at graft–host junction and resorption at 
long-term [3, 4]. The bulk allografts are used in 
the form of bulk femoral heads, bulk distal femur 
and bulk proximal tibia.

49.2  Indication

The bulk allografts are used in revision total knee 
arthroplasty in face of massive defects around the 
knee in the following conditions:

 (a) Massive osteolysis around the knee
 (b) Major bone loss due to infection
 (c) Periprosthetic fractures around the knee
 (d) Management of failed megaprosthesis
 (e) Co-existing tumour, pseudotumour or metas-

tasis around the knee

49.3  Types of Bulk Allografts

Two different kinds of bulk structural allografts 
are used for the management of massive bone 
defect in revision knee arthroplasty. Femoral 
head allograft is the most commonly used struc-
tural allograft. The femoral head can be used to 
restore both the contained and uncontained 
defects. The other type is the anatomic-specific 
allograft such as distal femoral or proximal tibial 
segmental allograft which is used in case of loss 
of significant length of the distal femur or proxi-
mal tibia. These allografts are fixed with the revi-
sion knee stemmed prosthesis to make the 
allograft prosthesis composite (APC) on a sepa-
rate table before they are implanted into the host. 
The surgical technique for each type of bulk 
allografts is described below.
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49.3.1  Femoral Head Allograft

The femoral head allografts are used to manage 
the loss of either of the condyles in femur or tibia 
(AORI type 2A, 2B or 3) which are too large to 
be managed with prosthetic augments or 
impaction grafting. Defects involving more than 
50% of the osseous support of either tibial plateau 
or femoral condyles would benefit from the 
allograft reconstruction [5, 6]. However, it 
requires a meticulous operative technique to 
maximise the contact between the allograft and 
the host bone. The operative steps are described 
in the following points:

 1. The bone defect is first cleared off the fibrous 
tissue and the osteolytic membranes 
(Fig.  49.1). A trial implant of approximate 
size may be placed over the defect to see the 
extent of bone loss and to estimate the size of 
bulk allograft required to fill the defect 
(Fig. 49.2).

 2. An acetabular reamer is used to prepare the 
host bone to match the allograft femoral head. 
The reaming is performed until the solid base 
is obtained without removing much of the 
host bone. Alternatively, a high-speed burr 
can be used to remove any sclerotic non- 
viable host bone simultaneously fashioning 
up the bone defect to a hemispherical shape to 
receive the femoral head.

 3. The femoral head allograft is thawed in warm 
normal saline, and all the soft tissues are 
removed (Fig. 49.3).

Fig. 49.1 Intraoperative picture showing loss of distal 
femoral condyles (medial > lateral) following total knee 
arthroplasty. The lytic membranes need to be cleared off 
before quantifying the extent of bone defect

Fig. 49.2 Trial femoral implant placed in situ implanted 
to have an idea about the approximate size (black arrow) 
of defect and the bulk allograft required to fill up the bone 
defect

Fig. 49.3 Femoral head allografts after thawing in warm 
normal saline and removal of attached soft tissue
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 4. The cartilage and the cortical bone are 
removed with the help of the special instru-
ment (Fig. 49.4), thereby leaving the cancel-
lous bone exposed (Fig. 49.5a, b).

 5. The graft is then treated with pulse irrigator, 
betadine solution and hydrogen peroxide in 
cycles to remove the remaining marrow ele-
ments from the trabecular bone.

 6. The graft is positioned and provisionally 
fixed with Kirschner wires (Fig. 49.6).

 7. The part of the graft that protrudes over the 
borders of the defect is adjusted using an 
oscillating saw. The final bone cuts are made 
as per the instrumentation for the implant to 
be used (Fig. 49.7). Additional preparation to 
accommodate the stems is done while the 
graft is still being held with the K-wires.

 8. The final graft position is seen with the trial 
implants (Fig. 49.8). Additional alterations if 

any required to fit the implants and balance 
knee in flexion and extension can be done at 
this stage.

 9. The final implants assembled off the table 
are then implanted over the prepared surface 
with cement fixation (Fig. 49.9).

 10. The host epicondyles and/or collaterals if 
preserved are fixed over the allograft with the 
help of the screws (Fig. 49.10).

Case example:
A 65-year-old female presented with septic failure 
of total knee arthroplasty. She underwent first-
stage revision surgery with debridement and anti-
biotic impregnated cement spacer application 
(Fig. 49.11a, b). Revision surgery was performed 
with reconstruction of the defect using femoral 
head bulk allografts in the distal femur (Fig. 49.12).

Fig. 49.4 Female 
femoral head reamer, a 
special instrument for 
the removal of cartilage 
and subchondral bone. 
The reaming end of the 
reamer (inset)
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There have been mixed results in the literature 
with the use of femoral head bulk allograft in 
revision knee arthroplasty. Wang et  al. reported 
excellent outcome with no graft failure at 76 
months follow-up in their series of 30 revision 
knee arthroplasties where each knee received 1.7 
femoral head allografts [7]. Engh and Ammeen 
reported survivorship of 91% at an average fol-
low-up of 95 months in their series of 46 knees 
who underwent revision knee arthroplasty with 
the use of femoral head allograft [8]. Four patients 

in their series required re-revision surgeries 
where two of them demonstrated allograft incor-
poration. Graft incorporation was proven in two 
additional patients as demonstrated with biopsy 
specimens at patient autopsies. Bauman et al. on 
the other hand reported worse outcome in their 
series of 70 revision knee arthroplasties where 16 
reported failures at an average of 42 months 
yielding the survivorship of 80.7% and 75.9% at 
5 and 10 years, respectively [9].

Fig. 49.6 The femoral head allografts being positioned 
over the defects and provisionally fixed with the Kirschner 
wires

Fig. 49.7 The bone cuts made as per the instrumentation 
for the implant to be used. Minor adjustment of the part of 
the graft protruding over the borders was made with the 
help of an oscillating saw

a b
Fig. 49.5 (a) Reaming 
the femoral head with 
female femoral head 
reamer. (b) Femoral 
head allograft with 
exposed cancellous bone 
after removing the 
cartilage and 
subchondral bone
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49.3.2  Distal Femoral Allograft

The segmental loss of bone in distal femur 
(>25  mm) including the epi-metaphysis cannot 
be treated with cement, augments, cones or 

sleeves [10]. This requires either a megaprosthe-
sis or a distal femoral structural allograft. The 
structural allograft cannot be used alone and 
needs to be supported by a stemmed revision 
implant to prepare an allograft prosthesis com-
posite (APC). The APC is usually preferred in 
relatively younger patients who may need to 
undergo re-revision surgeries in future [11].

The APC is best prepared having two surgical 
teams in the operating room. One surgical team 
undertakes the exposure and bony preparation of 
the patient while the other team prepares the 
allograft on the sterile back table. This plan not 
only makes the most efficient use of operating 
room but also decreases the anaesthetic time the 
patient endures which in turn decreases the risk 
of infection.

The approximate length of allograft needed is 
measured preoperatively using the X-ray of both 
thighs (i.e., from hip to knee) preferably with 
100% magnification with a measuring scale by 
the side to determine the length of the femur with 
bone loss and hence the needed length of 
allograft.

Fig. 49.8 Final graft position judged with trial implants 
in situ

Fig. 49.9 Definitive implants fixed with cement. 
Allograft slice is used to fill up the remaining defect 
between the host bone and the implant

Fig. 49.10 The collaterals with the native epicondyles 
are fixed over the allograft with the help of cancellous 
screws

Approximate length of allograft needed Length of femur norm      = aal side

length of proximal femur that is preserved in t

 

        

( )
− hhe limb 
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Alternatively, full-length scanogram of bilat-
eral lower limbs can be done, so as to calculate 
the length of the allograft by subtracting the 
length of preserved bone in the limb to be oper-
ated from the normal length of opposite extrem-
ity. This would also help in equalising the limb 
length when compared to the normal side 
(Fig. 49.13). It is advisable to choose the allograft 
of comparable width or smaller than the host 
bone so as to prevent the gross mismatch between 
the allograft and the host bone. However, the 
allograft of slight longer length than what is cal-
culated should be taken so that an adjustment is 
possible intraoperatively.

The surgery starts with preparation of the 
allograft on the back table which culminates in 
final surgery and implantation on the main table 
in the steps as described below.

49.3.2.1  Preparation of Allograft
 1. The fresh-frozen irradiated femoral allograft 

of a whole length or slightly longer than the 

calculated length is taken (Fig.  49.14). 
Samples (bone and soft tissues) are taken and 
sent for culture and histopathology as per pro-
tocol to rule out infection.

 2. The allograft is thawed in warm normal saline. 
Soft tissues if any are removed completely 
from the surface of the bone and washed with 
iodine solution, hydrogen peroxide and normal 
saline alternately in 3–4 cycles (Fig. 49.15a, b).

 3. The allograft is held in the allograft bone vise 
and is cut to a planned length as measured 
preoperatively (Fig. 49.16).

 4. With the allograft held in bone vise, the intra-
medullary canal is reamed to fit an appropri-
ately sized stem corresponding to the host 
bone canal.

 5. The bone cuts are made using the standard 
revision knee cutting guides as per the instru-
mentation of the implant intended for use with 
the allograft (Fig.  49.17a–i). Based on the 
physical examination and imaging preopera-
tively, it should be anticipated if a highly con-

a b

Fig. 49.11 (a, b) Preoperative radiograph in anteroposte-
rior (a) and lateral (b) views showing femoral condylar 
defect and cement spacer in situ following first- stage revi-

sion knee arthroplasty for infected TKR. Note the distal 
femoral condylar loss in lateral view
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strained implant will be required. It is 
advisable to use the least constraint possible 
to avoid transfer of stress to the APC inter-
face. However, with segmental loss of bone 
necessitating a distal femoral APC often 
requires a highly constrained implants such as 
rotating hinge knee (Fig. 49.18a–c).

 6. The trial revision knee components are assem-
bled and inserted into the prepared allograft 
for trial insertion and further adjustment into 
the host bed (Fig. 49.19).

 7. The allograft epicondyles can be excised if 
the host epicondyles are preserved so as to 
attach the host collateral ligaments (if present) 
later to the allograft using non-absorbable 
trans-osseous sutures.

49.3.2.2  Preparation of Host Bed

 1. Exposure is usually done by an extensile 
approach that facilitates implant removal as 
well as reconstruction with minimal retrac-
tion (Fig. 49.20).

 2. The implant or cement spacer is carefully 
removed, and all the non-viable host tissue is 
debrided (Fig. 49.21).

 3. The femur is osteotomised at the level of 
healthy stable bone at the length measured 
and planned preoperatively. The final length 

Fig. 49.12 Postoperative radiograph following second- 
stage revision knee arthroplasty. The reconstruction of 
distal femoral defects was done using the femoral head 
bulk allografts

Fig. 49.13 X-ray scanogram of bilateral lower limbs to 
show the full length of bilateral femora. Note the severe 
bone loss with remaining dead necrotic bone in right 
distal femur which is to be resected and reconstructed 
using distal femoral allograft prosthesis composite. The 
length of allograft required is calculated by subtracting 
the length of right host femur retained (tip of greater 
trochanter to the level of resection) from the length of left 
femur (tip of greater trochanter to the joint line)
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of the allograft required can be judged with 
the stemmed trial implant in situ (Fig. 49.22).

 4. A step-cut osteotomy is made in the distal end 
of host bone (Fig. 49.23a). A matching step- 
cut osteotomy is marked over the allograft and 

is then fashioned accordingly (Fig.  49.23b). 
The step cut is made in such a way that it is 
2–3 mm more than half the circumference of 
matching bones on both sides. A longer step 
cut provides good rotational control of the 

a b

Fig. 49.14 Distal femoral allograft taken from the bone bank. Anterior view (a) and posterior view (b). Note the 
attached soft tissue which needs to be completely removed and processed further

a b

Fig. 49.15 (a) The allograft is cleared of the soft tissue attachments. (b) The allograft is washed with the iodine–hydro-
gen peroxide–normal saline in cycles to ensure the sterility as well as removal of attached tissue

R. Malhotra and D. Gautam



683

allograft and increases the contact area 
between the allograft and the host bone 
thereby potentially optimising the chances of 
union. It is preferred to position the step cut in 
such a way that it does not only provide the 
stability but also ensures the correct rotation 
of APC during final implantation.

 5. The trial APC with securely fitted stem is 
telescoped into the host bone matching the 
corresponding step-cut osteotomy 
(Fig. 49.24). Trimming of the ends is done if 
necessary. At least 4 cm of the stem should 
be inside the host bone.

 6. The overall stability of the knee is checked 
with the trial APC in situ and adjustments 
made if any required in the allograft.

 7. The tibial height and femoral component size 
and position is chosen so as to balance the 
knee at 90° of flexion and full extension 
(Fig. 49.25). If the extension gap is tight, the 
distal femur of the allograft is resected, and if 
the flexion gap is tight, the revision femoral 
component is either translated anteriorly or 
down sized. If both the flexion and extension 
gaps are tight, it is advisable to adjust the cuts 
on the allograft through shortening of length 
of step cut proximally and downsizing the 
allograft rather than taking any native bone. 

An appropriate thickness of trial polyethylene 
insert is selected accordingly. Simultaneously, 
it is also necessary to ensure that overstuffing 
of the knee does not occur and the wound clo-
sure can be done without any difficulty while 
preserving the range of motion.

 8. Once the trial becomes acceptable, the 
allograft segment is copiously irrigated with 
betadine–hydrogen peroxide–saline and 
finally dipped in absolute alcohol before it is 
dried prior to cementing (Fig. 49.26).

 9. The definitive implant is then cemented onto 
the allograft utilising a meticulous technique 
so that the stem length to be inserted into the 
host bone remains cement free using a finger 
cut piece of glove at the end of the stem 
while inserting it into the allograft filled with 
dough cement to keep it free from cement 
(Fig. 49.27a–f).

 10. The cement is allowed to cure within the 
APC (Fig.  49.28), which is then implanted 
into the host canal through a press fit. Care 
should be taken to ensure that no cement is 
present at the allograft–host bone junction. 
The rotational alignment is ensured along the 
previous mark made during the trial APC 
insertion using a cautery or marker or by 
matching the step-cut osteotomy that was 
made in correct rotation during the trial step 
(Fig. 49.29).

 11. Once the APC is implanted, the collaterals, 
with host epicondyles if preserved, are 
attached to the roughened epicondyles of 
APC using the non-absorbable sutures. The 
collaterals are tightened with the knee in 
position of 90 degrees flexion.

 12. Autograft may be placed at the host–allograft 
junction and secured with a periosteal or 
synovial flap around it to enhance the host- 
allograft union. Additional strut allografts 
can be used and tied with the control cables 
or cerclage wires to secure the stability, if 
required.

Case Example:
A 60-year-old woman sustained periprosthetic 
fracture around the distal femur following pri-
mary knee arthroplasty (Fig. 49.30a, b). She had 

Fig. 49.16 The allograft is held in position over the bone 
vise for further preparation
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a b c

d e f

ihg

Fig. 49.17 (a) Preparation of the distal femur with the 
instruments provided for the implants to be used. Marking 
of the entry for femoral canal. (b) Drilling of femoral 
canal. (c) Distal femoral cutting jig. (d) and (e) Distal 

femoral cut; note that TEA is marked on the allograft in 
(d). (f) Sizing for the femoral component. (g) Five in one 
cutting jig. (h) Five in one cut. (i) Distal femur after 
completing the bony cuts
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a b c

Fig. 49.18 (a) Final preparation of the femur according to the requirement of constraint. The box cut is being per-
formed for a hinge knee prosthesis. (b) Box cut completed. (c) Distal femoral allograft after completion of the cuts

Fig. 49.19 Trial allograft prosthesis composite. Note 
that the length of the allograft taken is longer than what 
actually is required so that the adjustment can be done 
later while making the step cut

Fig. 49.20 Exposure of the knee via parapatellar 
approach

Fig. 49.21 Removal of the cement spacer from the knee
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severe bone loss in the distal femur (Fig. 49.31) 
making the fracture neither amenable for fixation 
nor salvageable with the available cones or 
sleeves due to inadequate bone shaft. Revision 
surgery was performed with reconstruction of 
distal femur using a distal femoral allograft pros-
thesis composite (Fig. 49.32).

The literature on the use of distal femoral APC 
in the setting of revision knee arthroplasty has 
been limited to periprosthetic fractures and con-
version arthroplasty for failed megaprosthesis. 
The use in failed total knee arthroplasty has been 
reported as case report alone [12]. However, the 
results in distal femoral tumours seem encourag-
ing especially in younger patients with an added 
benefit of restoring the bone stock. The results of 

use of distal femoral APC in different indications 
are summarised in Table 49.1.

49.3.3  Proximal Tibial Allograft

A massive uncontained defect of proximal tibia 
measuring >45  mm becomes an indication for 
proximal tibial structural allograft. The proximal 

Fig. 49.22 Trial stemmed femoral component being 
positioned to estimate on the length of allograft required

a b

Fig. 49.23 (a) Step-cut osteotomy fashioned in the host bone. (b) Corresponding step cut made in the allograft after 
adjusting the length of the allograft required

Fig. 49.24 Trial allograft prosthesis composite tele-
scoped into the host canal matching the step cut. The step 
cut is simultaneously providing the guide for precise rota-
tional alignment
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tibial APC is prepared with the technique similar 
to the distal femur in the steps as follows:
 1. The allograft tibia of appropriate length 

(Fig. 49.33a, b) is taken as guided by the pre-
operative radiographic measurement which 
is corroborated with the intraoperative mea-
surement in the host after a thorough debride-
ment is performed. The length of the allograft 
is taken to ensure the joint line is at a height 
of 10–15  mm from the tip of fibular head 
(Fig. 49.34). This restores the biomechanics 

of the knee. As a rule, taking the allograft of 
slightly longer length is wiser in case it is 
required to trim the graft down to size if 
needed.

 2. With the tibia held in the bone vise 
(Fig. 49.35), the proximal tibial cut is made 
using the standard instrumentation technique 
of the implants intended for use. The cut may 
be made using either the intramedullary or 
extramedullary guide depending on the 
length of tibia taken (Fig. 49.36a, b). A full-
length allograft tibia may facilitate the use of 
an extramedullary guide before the allograft 
is resected at the measured level. 
Alternatively, the proximal tibial cut may be 
made by holding the allograft in the bone 
vise and running the saw perpendicular to the 
axis of tibia or parallel to the floor.

 3. The tibial preparation is made for a stemmed 
revision implant (Fig. 49.37a, b) so that the 
stem bypasses the host–allograft junction for 
a distance of 4–5  cm into the host canal 
reamed to receive a press-fit stem.

 4. The technique of step-cut osteotomy is uti-
lised to ensure the stability of APC with the 
host bone.

 5. The anatomical landmarks such as tibial 
tuberosity, patellar tendon and patellar track-
ing are used to determine the rotational posi-
tion of the APC.

 6. Both the joint line position and the rotational 
alignment are checked with trial APC in situ 
and the insert of appropriate thickness that 
stabilises the knee in full extension as well as 
90-degree flexion. The patellar height and 
the patellar tracking are judged by moving 
the joint through a range of motion.

 7. The allograft may be fashioned at this stage 
and adjustments, if any, made to improve the 
biomechanics of the knee and ensure closure 
of the skin.

 8. The final position of the APC is marked with 
a cautery or a marking pen which assists in 
final implantation of the APC in correct 
alignment.

 9. Finally, the proximal tibial allograft is irri-
gated with the betadine–hydrogen peroxide–
saline and dipped in absolute alcohol before 

Fig. 49.25 The stability of the knee being judged with 
trial APC with the knee at 90 degrees of flexion

Fig. 49.26 The distal femoral allograft being dipped in 
the absolute alcohol before it is dried for cementation
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a b

c d

fe

Fig. 49.27 (a) The definitive stemmed femoral compo-
nent and the dried distal femoral allograft. (b) Cement 
applied on the inner aspect of the femoral component and 
the part of stem which is supposed to be inside the 
allograft canal. Note the finger cut piece of the surgical 
glove applied over the distal end of the stem to prevent 
cement adhering to part that is supposed to be telescoped 
into the host canal. (c) Cement applied over the cut sur-

face of distal femur. (d) The definitive component being 
introduced over the allograft for impaction. (e) The finger 
cut piece of surgical glove being removed that served the 
purpose of keeping the distal stem cement free. (f) The 
end of the allograft should also be cement free so as not to 
preclude/interfere with union of the APC with the host 
bone
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it is dried for cementation of the definitive 
stemmed tibial component (Fig. 49.38). The 
cementation is performed with the similar 
technique described for the distal femur 
where the distal part of the stem meant to 
press fit into the host canal remains cement 
free. The cement inside the APC is then 
allowed to cure (Fig. 49.39).

 10. The definitive APC is then implanted into the 
host bone in correct alignment as marked 
before (Fig. 49.40a, b). The autograft may be 
placed at the graft–host junction to aid union.

Case Example:
A 64-year-old woman presented with failed total 
knee arthroplasty. She had aseptic loosening of 
the tibial component with severe loss of bone in 
the proximal tibia (Fig.  49.41). Revision total 

knee arthroplasty was performed using proximal 
tibial allograft prosthesis composite for recon-
struction of the bone defect (Fig. 49.42a, b).

The reports on the use of proximal tibial APC 
in the setting of revision knee arthroplasty is lim-
ited as most of them have been used following 
tumour resection. The results of use of proximal 
tibial APC in different indications are sum-
marised in Table 49.2.

The various studies mentioned in the Tables 
49.1 and 49.2 have reported good to excellent 
results following knee reconstruction with the use 
of APCs in distal femur and proximal tibia. The 
survivorship has been reported up to 79% at 5 years 
for proximal tibia and up to 80% at 5 years for dis-
tal femur. However, the survivorship decreased to 
33% and 53% for proximal tibia and distal femur 
respectively at 10 years. Dual massive allograft 
(distal femoral and proximal tibial) has been used 
successfully in the setting of revision knee arthro-
plasty with large femoral and tibial uncontained 
defects. However, this has been limited to a case 
report only by the authors [26]. The authors have 
also reported the successful use of a distal tibial 
allograft shaped as a cone to address the defect in 
the proximal tibia during conversion of a failed dis-
tal femoral megaprosthesis with distal femur 
allograft prosthesis composite reconstruction [27].

Fig. 49.28 The definitive allograft prosthesis composite 
(APC)

Fig. 49.29 The definite APC telescoped into the host 
canal in the predesired rotation as guided by the step-cut 
osteotomy
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a b

Fig. 49.30 Radiographs in anteroposterior (a) and lateral 
(b) views showing failed total knee arthroplasty following 
periprosthetic fracture around the distal femur. Note the 

loosening of femoral component with collapse of distal 
femoral bone

Fig. 49.31 Intraoperative picture showing loss of bone in 
the femoral condyles

Fig. 49.32 Postop-
erative radiograph 
following revision 
total knee 
arthroplasty

R. Malhotra and D. Gautam
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Table 49.1 Summary of the studies on the use of APC for the management of massive bone defects in distal femur

Authors No of patients

Mean 
age 
(years)

Average 
follow-up 
(months)

Clinical 
outcome

Radiological 
outcome Complications Result Survival

Saidi K 
et al. 
(2014)
[13]

7 APC
9 RSA
7 DFR

79 6 KSS = 
74.1

– 1 infection
1 dislocation
1 non-union

3 
revisions

Moon 
et al. 
(2013)
[14]

12 19 89 MSTS 
score 
available 
for 6 
patients;
Average = 
90%

– 8 patients had 
complications 
non-union, 
fracture, 
infection and 
stem perforation

3 
non- 
union and 
2 failures 
revised

–

Mo S 
et al. 
(2013)
[15]

12 29.5 45.7 MSTS in 9 
patients 
with 
preserved 
limb = 27

– 1 fracture
1 infection
1 instability
1 local 
recurrence

1 died
4 
revisions

Farfalli 
et al. 
(2013)
[16]

(Group 1)
50 APC (28 
DF, 22 PT) 
with 
non- 
constrained 
prosthesis
(Group 2)
36 APC (17 
DF, 19 PT) 
with 
constrained 
prosthesis

35 in 
both

Group 
1—69
Group 
2—75 m

MSTS = 
25 in 
Group 1
MSTS = 
25.3 in 
Group 2

– Group 1:
8 infection
3 fracture
2 instability
1 loosening
1 local 
recurrence
1 non-union
Group 2:
3 infection
3 fracture
3 loosening

Group 1:
2 died,
16 APC 
removed
Group 2:
5 died,
9 APC 
removed

Group 
1: 69% 
at 5 
years 
and 
62% at 
10 
years
Group 
2: 80% 
at 5 
years 
and 
53% at 
10 
years

Ye ZM 
et al. 
(2005)
[17]

12 PF
10 DF
3 PT

– 64 EFS = 
23.4

No 
loosening

No dislocation 3 died –

Wilkins 
RM 
et al. 
(2002)
[18]

4 17 59 MSTS = 
62%

– No fracture
No loosening
No infection

No 
revision

Abbreviations: APC, allograft prosthesis composite; DF, distal femur; PT, proximal tibia; RSA, revision systems with 
augments; DFR, distal femur endoprosthesis; KSS, Knee Society Score; MSTS, Musculoskeletal Tumor Society Score

49 Bulk Allografts in Revision Total Knee Arthroplasty



692

a b

Fig. 49.33 (a) Tibial allograft taken up from the bone bank. (b) The allograft is held in the bone vise to cut the required 
length of the proximal tibia off

R. Malhotra and D. Gautam
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Fig. 49.34 Stemmed trial tibial component positioned so 
as to maintain the joint line at the level 10–15 mm above 
the tip of fibular head. This gives the approximate length 
of the proximal tibial allograft required for the 
reconstruction

Fig. 49.35 The proximal tibial allograft held in the bone 
vise

a b

Fig. 49.36 (a) Proximal tibial cut with the use of cutting jig. (b) The cut surface of the proximal tibia
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a b

Fig. 49.37 (a) Tibial canal being reamed for the stemmed tibial component. (b) Trial tibial component placed over the 
prepared tibia

Fig. 49.38 Proximal tibial allograft after the step-cut 
osteotomy that matches the corresponding step cut in the 
host tibia
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a bFig. 49.39 (a) and (b) 
Definitive stemmed 
tibial component. 
Proximal tibial allograft 
prosthesis composite 
after cementation of the 
component

a b

Fig. 49.40 (a) The proximal tibial APC introduced into the tibial canal. (b) The joint in full extension after final 
implantation of both the femoral and tibial components and the insert
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Fig. 49.41 Radiograph showing a failed total knee 
arthroplasty. Note the loosening of tibial component and 
loss of bone in the proximal tibia

a b

Fig. 49.42 Postoperative radiograph in anteroposterior (a) and lateral (b) views following revision total knee arthro-
plasty with reconstruction using the bulk proximal tibial APC
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49.4  Summary

The bulk allografts have wide application in 
revision knee arthroplasty to address the bone 
defects not amenable to reconstruction with 
metal augments or cones and sleeves and when 
the surgeon does not prefer to use a megapros-
thesis. The femoral head allografts have been 
used mostly with reported good to excellent 
results. The APC has its own advantage of a bio-
logical reconstruction restoring the bone stock 

and preservation of the bone for future revi-
sions. However, they have disadvantages of risk 
of disease transmission, infection and non-union 
at the graft–host junction. The decision to use 
the APC should be made based on the patient’s 
age, activity level, availability of the allograft 
and surgeon’s expertise. The authors recom-
mend use of allografts whenever possible espe-
cially in relatively younger patients in view of 
the profound benefit of the restoration of bone 
stock.

Table 49.2 Summary of the studies on the use of APC for the management of massive bone defects in proximal tibia

Authors
No of 
patients

Mean 
age 
(years)

Average 
follow up 
(months)

Clinical 
outcome

Radiological 
outcome Complications Result Survival

Campanacci 
et al. (2015)
[19]

19 6–16 78 13 patients 
who 
retained 
original 
implant has 
MSTS of 
22 points 
(range, 
12–30 
points).

– 6 fracture
2 non-union
1 infection
1.9 cm of 
LLD

5 revised
1 died

68 
months 
(6–188),
72.2% at 
5 years,
56.1% at 
10 years

Capanna R 
et al. (2011)
[20]

14 34.9 54 MSTS = 
83%

– 2 infection
2 prosthesis 
failure
1 stem 
fracture

4 died –

Gilbert et al. 
(2009)
[21]

12 34.5 49 MSTS = 
24.3 (81%)

– 1 deep 
infection
1 flap failure

3 died
No revision
1 re-operation 
for infection

79% at 5 
y

Donati D 
et al. (2008)
[22]

62 24 72 90% of 
patients had 
MSTS 
higher than 
65

2 loosening 15 infection
3 local 
recurrences

– 73.4% at 
5 y

Biau DJ 
et al. (2007)
[23]

26 24 128 – 6 showed 
signs of 
partial 
resorption

7 fracture
6 infection

10 died
14 revised

68% at 5 
y
33% at 
10 y

Jeon DG 
et al. (2007)
[24]

13 26 43 MSTS = 
23.6

1 loosening 3 infection
4 non-union

4 removal of 
prosthesis

76.9% at 
5 y

Biau D et al. 
(2006)
[25]

26 
APC 
in PT

25 62 – – 6 infection
9 mechanical 
failures

38 
re-operations 
(15 revisions) 
in 18 patients

72% at 5 
y
43% at 
10 y

Abbreviations: y, years; LLD, limb length discrepancy; MSTS, Musculoskeletal Tumor Society Score; APC, allograft 
prosthesis composite; PT proximal tibia
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Condylar Replacement Prosthesis 
as a Salvage in Knee Arthroplasty

Rajesh Malhotra, Deepak Gautam, 
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50.1  Introduction

Historically, condylar replacement prosthesis had 
been in use for reconstruction of skeletal defects 
following tumour removal. With increase in total 
knee arthroplasties worldwide, the number of 
revision knee surgeries are also bound to increase 
[1]. Moreover, with extension of indications to 
younger individuals, it is likely that they have to 
undergo multiple revision surgeries in their life-
time. It is unambiguous that the bone loss in each 
revision ultimately may culminate into a stage of 
large defect in distal femur with limited options 
left for joint reconstruction [2]. These cases need 
a special prosthesis known as condylar replace-
ment prosthesis or a megaprosthesis as a salvage 
procedure to replace the femoral condyles [3]. In 
addition to aseptic failure, the large defects may 
be encountered due to periprosthetic fractures and 
infection as well [4, 5]. Moreover, with the avail-
ability of modern designs, it has also been used 
as salvage in complex primary knee arthroplasty 
with large skeletal defects [6]. Megaprosthesis is 
less preferred for tibial defects other than onco-
logic indications in view of insertion of extensor 
mechanism over the metallic implant leading to 

functional extensor deficiency [2]. Hence, in this 
chapter, we have focussed on the distal femoral 
replacement only.

50.2  Evolution and Implant 
Designs

The evolution of the megaprosthesis started with 
the Stanmore prosthesis in 1949. Initial designs 
had a high failure rate pertaining to fixed hinge 
design. Further development was made in design 
by introducing rotating hinge, thereby substan-
tially improving the revision rates. In 1980s, mod-
ularity was introduced, thus allowing wider range 
of implant options for segmental osseous defect 
reconstruction and adaption of implant to patient 
dimensions [7]. Innovations for improved osteo-
integration was done which further improved the 
implant survival [5].

The rotating hinge design (Fig. 50.1) which is 
being used these days allows reduced stress trans-
fer to the implant bone fixation interface when 
compared with fixed hinge design, by permitting 
flexion-extension, rotation, and longitudinal dis-
traction movements [8]. The biomechanical study 
has proven that the various commercially avail-
able implants allow 20 mm to >39 mm of joint 
distraction before dislocation occurs [8]. The 
study thus highlights the value of knowing the 
unique features of each manufacturer’s design. 
The intramedullary stem can be fixed using bone 
cement or by an uncemented press-fit method.
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50.3  Indications

In addition to the primary indication for recon-
struction of skeletal defects following tumour 
removal, the non-oncologic indications are as 
follows:

50.3.1  Revision Total Knee 
Arthroplasty

 1. Periprosthetic fractures around knee follow-
ing total knee arthroplasty

 (a) Type 3 fractures where fracture line lies 
distal to the femoral component borders 
and type 2 fractures with poor bone qual-
ity or severe osteolysis both of which that 
does not allow for stable osteosynthesis 
[9].

 (b) Elderly patient with periprosthetic distal 
femoral fracture with loose or poorly 
aligned implant and/or poor meta- 
diaphyseal bone stock [10, 11].

 2. Low demand elderly patients with aseptic 
loose implants and poor bone stock

 3. Multiple failed revision TKA or history of 
prosthetic joint infection with high-grade 
bone loss [2]

 4. Patients with failed TKA with increased risk 
of allograft infection and non-union, e.g. 
those on chemotherapy, radiation therapy, 
chronic uncontrolled diabetes [12]

50.3.2  Primary Total Knee 
Arthroplasty

 1. Massive bone defects (AORI type 3) of knee 
joint involving epicondyles following post- 
trauma or chronic infection [13]

 2. Distal femur complex acute severely commi-
nuted fractures not amenable for 
osteosynthesis

 3. Non-union in geriatric patients with coexist-
ing medical problems [14, 15]

50.4  Decision-Making

The indications are primarily by exclusion of other 
surgical modalities. An intact extensor mechanism 
is a crucial pre-requisite, and consideration needs to 
be given to patient age, activity level, comorbidities, 
patient expectation, and need for rapid recovery. In 
cases with massive bone defects not amenable to 
reconstruct with the commonly available revision 
implants including sleeves or cones, decision usu-
ally have to be made with either allograft prosthesis 
composites (APC) or condylar replacement pros-
thesis. Conventionally, decision is based on age of 
the patient and activity level. For physiologically 
young and active patients, APC is preferred, and for 
elderly less active patients, condylar replacement 
prosthesis is considered as salvage procedure [16, 
17]. In our practice, we use megaprosthesis for low-
demand elderly patients with medical comorbidities 
and poor bone quality.

50.5  Preoperative Planning

50.5.1  History and Clinical 
Assessment

Preoperative workup is critical to restore proper 
leg length, which in turn influence the extensor 

Fig. 50.1 Modern design rotating hinge condylar 
replacement prosthesis
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tension, optimize patella tracking, and knee exten-
sion strength. Complete history including sizes of 
implant in situ gives an idea on the size of condy-
lar prosthesis that may fit the patients’ knee with-
out compromising the wound closure. However, 
the condition of skin and the previous scar marks 
are imperative for wound healing especially in 
cases with previous multiple surgeries (Fig. 50.2). 
Limb length measurement and comparison with 
the opposite limb will help in calculating the size 
of extension piece required to equalize the limbs 
in case of any discrepancy present.

50.5.2  Radiological Assessment

 1. X-rays in anteroposterior and lateral view 
including the full extent of hardware in situ (if 
present) are usually sufficient for planning, 
templating, or any associated injury. X-ray 
scanogram of both the lower limbs (Fig. 50.3) 
with measuring scale on the side will help to 
look for

 (a) Extent of bone defect
 (b) Exact leg length discrepancy
 (c) Any ipsilateral hip replacement or osteo-

synthesis implant in situ—to avoid stress 
risers

 2. CT Scan with 3D reconstruction images may 
be needed in complex scenarios to assess 
more specific extent of bone defect.

 3. CT angiography (Fig. 50.4a, b) is indicated in 
cases with multiple previous surgeries with 
adhered posterior structures where proximity 
of neurovascular bundle is suspected.

50.6  Surgical Technique

The main goal is to restore the bone defect, main-
tain the joint line, and preserve the knee kinemat-
ics. The surgery is carried on a stepwise manner 
as follows:

Fig. 50.2 Clinical picture showing limb length compari-
son of bilateral lower limbs. Note the shortened right 
lower limb. The length of shortening will be the approxi-
mate length of condylar prosthesis for replacement

Fig. 50.3 Standing scanogram of bilateral lower limbs 
with scale in between. Here, the left knee joint level is at 
63 cm and the need of resection of distal femur on right 
extremity is at 75 cm. The length of condylar prosthesis 
with extension segments so as to equalize the limb length 
will be 75 cm − 63 cm = 12 cm
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50.6.1  Surgical Approach

Anterior midline incision with medial parapatel-
lar approach is the most preferred one (Fig. 50.5). 
However, in cases with multiple failed distal fem-
oral fixation where the scar is usually seen on the 

lateral aspect, one can use the lateral parapatellar 
approach via lateral incision to avoid the possible 
complications of wound dehiscence if a different 
approach is taken (Fig.  50.6). It is advised to 
undergo detailed analyses of all the scars and use 
the most lateral one for incision.

a b

Fig. 50.4 (a) and (b) CT angiogram of bilateral lower 
limbs to assess the vascular status in patients undergoing 
condylar prosthetic replacement of distal femur. The flow 
is similar in both the legs in a patient who had multiple 

failed distal femoral fixation (a). The flow is seen to be 
obstructed (white arrow) in the first branch of popliteal in 
a patient who was planned for condylar prosthetic replace-
ment for failed TKA in elderly (b)
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50.6.2  Soft Tissue Dissection 
and Exposure

Dissection of the deep tissue is carried out with 
the cautery remaining close to the bone. While 
working on the posterior capsule, middle genicu-
late vessels may be encountered which needs to 
be ligated and haemostasis be achieved meticu-
lously. Caution must be performed to stay safe 
from injuring popliteal vessels, posterior tibial, 
and peroneal nerve.

50.6.3  Removal of Distal Femoral 
Segment and Well-Fixed 
Implant in Revision Scenarios

The measured segment of distal femur is removed 
in toto if any hardware is present. The soft tissue is 

cleared at the level of transection. The osteotomy is 
performed perpendicular to the femoral shaft after 
the posterior and medial structures are protected 
with the help of retractors along the circumference 
of the bone at the level of resection. It is preferable 
to resect the femur 1–2 mm distal to the measured 
level which will allow the face reamer to plane 
at actual level later. Authors’ preferred way is to 
carry out the transverse osteotomy and then hold 
with a bone holding forceps to proceed with soft 
tissue dissection in a proximal to distal direction to 
remove the segment in toto (Fig. 50.7). The distal 
end of the femoral osteotomy is kept well padded 
with a surgical sponge to avoid injury to the vessels. 
Simultaneously, it is also of utmost important not to 
distract the extremity following resection to avoid 
inadvertent injury to neurovascular structures.

50.6.4  Intraoperative Assessment 
of Bone Defect

Usually, the length of bone resected is measured 
and used as a guide to calculate segmental implant 
size (Fig. 50.8). However, bone loss encountered 
intraoperatively after removing implants and scar 
tissue is often different than what was assessed 
during preoperative evaluation. The adjustment is 
made intraoperatively either by additional resec-
tion of the femur (if the defect is less than the 
length of condylar prosthesis) and addition of 
extension piece (if the defect is more than the 
length of condylar prosthesis). However, with 
every adjustment the rule of 1–2 mm distal resec-
tion is kept for face reaming.

Fig. 50.5 Intraoperative picture showing exposure of the 
knee via medial parapatellar approach

Fig. 50.6 Clinical picture showing multiple scars around 
the knee in a case of multiple failed surgeries for distal 
femoral fracture fixation. Due to the risk of wound dehis-
cence if the incision was made medially, the knee was 
exposed via lateral parapatellar approach

Fig. 50.7 Intraoperative picture showing holding the dis-
tal femoral segment to be excised so as to dissect the soft 
tissue around the segment
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50.6.5  Sequence of Reconstruction

 1. Reconstruction is started with the tibial side 
first. Joint line is restored with tibial compo-
nent taking standard cut (with no posterior 
slope) taking reference from fibular head, 
tibial tuberosity, or patella position. Using 
extra- or intramedullary guide, cut is made 
perpendicular to the mechanical axis of tibia, 
either standard cut in normal tibia or in revi-
sion cases so-called freshen up cut.

 2. The appropriately sized tibial baseplate is 
taken. The correct size is the one that best 

covers the surface of the tibia without over- 
hanging the medial tibial plateau 
(Fig.  50.9a,  b). The templates provided by 
the manufacturers are used for selecting the 
size of the tibial component and as a guide to 
locate the centre of the cavity to be prepared 
for the stem.

 3. The centre of the hole in the template is 
marked with a sharp awl and canal prepara-
tion is done with successive reamers. A flex-
ible guide wire can be inserted into the 
femoral canal to use flexible reamers for pro-
gressively reaming the canal to the appropri-
ate diameter. If the tibial cut or freshening is 
to be done using intramedullary guide, it can 
be done at this stage by leaving the last 
reamer in situ and attaching the tibial cutting 
guide at appropriate depth.

 4. The assembled stemmed tibial trail is inserted 
over the tibial cut and is left in situ for femo-
ral preparation.

 5. Reaming of femoral canal is performed with 
sequential reamers in similar fashion like the 
tibial canal. Flexible reamers can be used as 
per the need if the canal is obliterated by pre-
vious surgeries.

 6. In cases with cemented prosthesis stem, 
2 mm over reaming is advised. Face reamer 
is used at this point to level the osteotomy to 
plane the osteotomy and ensure direct con-

Fig. 50.8 Intraoperative picture showing the length of 
the distal femur excised in a case of failed distal femoral 
fixation

a b

Fig. 50.9 Intraoperative picture showing exposure and 
preparation of the proximal tibia (a). Intraoperative pic-
ture showing sizing of the tibial component by placing the 

base plate directly over the prepared surface. The size is 
the one that best covers the surface without overhanging 
or underhanging (b)

R. Malhotra et al.
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tact and accurate seating of the prosthesis 
upon the cortices.

 7. The stemmed femoral trial prosthesis with or 
without extension segments is inserted with 
the minimal thickness polyethylene over the 
tibial platform which is around 10 mm above 
the fibular head, and checked for the 
following:

 (a) Limb length as compared to other side
 (b) Level of the knee for an indirect assess-

ment of joint line
 (c) Joint stability and range of motion
 (d) Patellar tracking
 (e) Wound closure approximation
 8. Femoral component rotation is a crucial 

issue as the routine landmarks are lost per-
taining to defect. Femoral rotation is judged 
by placing it parallel to tibial component or 
with respect to linea aspera. To make it eas-
ier, mark a reference line in the anterior fem-
oral cortex which is directly anterior to the 
linea aspera. This reference mark should be 
in line with the line in trochlear groove of the 
trial prosthesis. This reference line can fur-
ther be extended to the anterior tibial cortex 
for tibial rotation as well [12]. Alternatively, 
manipulating the knee through its range of 
motion may be used to determine the appro-
priate rotation. If the evaluation identifies a 
rotation different than that already marked, 
an additional mark is noted relative to the 
existing mark. Slight external rotation may 
be preferred for patellar tracking.

 9. With the knee in extension, the femoral/pop-
liteal vessels should be palpated to determine 
the status of the pulse. If the pulse is dimin-
ished, the knee needs to be flexed to deter-
mine if it increases. This will indicate the 
need for either modifying the length of the 
prosthesis or for removing additional bone 
from the distal femur or proximal tibia.

 10. If the prosthetic construct is too long, the length 
of the distal femoral bone resected should be 
rechecked against the length of the assembled 
prosthesis. If the surgeon feels that resecting 
additional bone from the femur will have a 
negative effect on patellar height and tracking, 
additional bone must be removed from the tib-

ial side. Simultaneously, capsular approxima-
tion for wound closure should be checked. If 
the difficulty is seen, decision for either down-
sizing the femoral component with matched 
tibial size or need of gastrocnemius flap should 
be taken by the surgeon accordingly.

 11. A final test of the range of motion of the knee 
with the patella tracking in place is then per-
formed before definitive implant fixation.

50.6.6  Definitive Implant Fixation

The extension piece also called femoral body 
segments are impacted to the stem using an 
impaction tube on work station table. The femo-
ral body segments have modular junctions based 
on male–female taper fit which in turn is impacted 
to the bore of the condylar prosthesis (Fig. 50.10). 

Fig. 50.10 The assembled distal femoral condylar 
replacement prosthesis with the body segment
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The tibial stem is impacted with classical tech-
nique over the male bore in the keel. Once the 
definite implants are assembled, the femoral 
assembly is snugly inserted into the femoral 
canal and a line is marked with a marking pen 
over the trochlear groove in line with the mark 
drawn over the anterior femoral cortex. This ref-
erence mark over the trochlear groove will be 
used later to aid in rotational orientation of the 
component during cementing or definite fixation 
(Fig. 50.11).

Anchorage of femoral stem can be done with 
or without cement depending on the bone quality 
and purchase. Cement fixation is the most com-
mon method with long-term satisfactory results 
and is suitable for cases with poor bone quality. 
Press-fit stems can be used in patients with ade-
quate diaphyseal bone stock [18]. Hydroxyapatite 
coated stems have also been used with favourable 
preliminary results [18, 19]. Nowadays, conical 
sleeves are available to enable cementless fixation 
in difficult situations. In cases with wide femo-
ral canal which does not allow for press fit in the 
cementless sleeves are used to enhance fixation. 
Fixation can also be augmented with extracortical 
bone bridging, i.e. bone formed between implant 
and host bone. It slows down osteolysis by arrest-
ing implant debris from reaching the implant–
bone or cement–bone interface. Bone formation 
is enhanced in this implant–bone junction, by 
using porous-coated collared stem (Fig.  50.11) 
and placing bone graft or bone graft substitute in 
this area prior to wound closure [20, 21].

The tibial component is inserted routinely 
with cement on the undersurface of the plateau 
only. The femoral component is then inserted 
into the femoral canal until the stem seats on the 
prepared host bone at the osteotomy site. Care is 
taken not to allow the cement to come in con-
tact with the extra-medullary porous-coated sec-
tion. The component is held firmly in place at the 
rotational orientation as determined before by the 
markings over the trochlear groove and the ante-
rior femoral cortex. The knee is slowly extended 
with trial insert in situ followed by definite insert 
after the cement cures (Fig. 50.12).

50.7  Case Examples

Case 1 (condylar prosthetic replacement for 
periprosthetic fracture)
An 81-year-old male sustained peri-prosthetic 
fracture of the distal femur (Fig.  50.13a, b). 
Considering the age of the patient and the bone 
quality, condylar prosthetic replacement of the 
distal femur was done along with reconstruction 
of the proximal tibia using sleeve (Fig. 50.14a, 
b). The clinicoradiological outcome of the 
patient was satisfactory at 2-year follow-up 
(Fig. 50.14c, d).

Case 2 (condylar prosthetic replacement for 
failed revision TKA)
A 68-year-old man presented with loosening of 
constrained TKA done 8 years back. He had 
severe ligamentous laxity. Infection was ruled out 
with serum markers and joint aspiration. He 
already had the thickest polyethylene insert for a 

Fig. 50.11 Intraoperative picture showing cementation 
of the definitive implants. Note the porous-coated collared 
stem (white arrow). Also, note the schematic marking 
(black line) over the anterior femoral cortex, trochlear 
grove, and the anterior tibia, all of which are in same line 
indicating proper component orientation

Fig. 50.12 Intraoperative picture after insertion of defin-
itive polyethylene insert
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constrained knee (Fig. 50.15a, b). Revision sur-
gery was performed with a rotating hinge pros-
thetic condylar replacement (Fig. 50.16a, b). The 
joint line was restored at 10 mm above the fibular 
head.

Case 3 (condylar prosthetic replacement for 
failed periprosthetic fracture fixation)
A 72-year-old woman presented with multiple 
failed fixation for periprosthetic fracture of distal 
femur (Fig. 50.17a, b). In view of the age of the 
patient and previous multiple surgeries, a revi-
sion surgery was performed with condylar pros-
thetic replacement (Fig. 50.18a, b). However, the 
patient sustained a periprosthetic fracture around 

the prosthetic stem at 1-year follow-up 
(Fig. 50.18c, d). Again considering the age of the 
patient and magnitude of surgery, the cemented 
stem was telescoped proximally after distal fem-
oral resection and the construct was augmented 
with strut allografts (Fig. 50.19). At 2-year fol-
low- up, she had stable prosthesis in situ 
(Fig. 50.20a, b).

Case 4 (primary condylar prosthetic 
replacement for acute distal femoral fracture)
A 75-year-old female presented with acute frac-
ture of the distal fracture in an arthritic knee 
(Fig.  50.21a, b). There was collapse of the 
metaphyseal bone stock and impaction of distal 

a b

Fig. 50.13 Preoperative radiograph showing periprosthetic fracture in distal femur in anteroposterior (a) and lateral 
(b) views
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end of diaphysis. The distal fragment was excised 
and primary knee replacement was done using 
condylar replacement prosthesis (Fig. 50.22a, b).

Case 5 (condylar prosthetic replacement for 
multiple failed fixation for distal femoral 
fracture)
A 66-year-old man presented with failed fixa-
tion of distal femoral fracture with broken 
implants in situ (Fig.  50.23a,  b). The fracture 

was not amenable to re-fixation for osteosynthe-
sis. The distal fragment was removed in toto 
along with the broken hardwares. Femoral oste-
otomy was performed at the junction of healthy 
bleeding bone and the necrotic bone. Primary 
knee arthroplasty was performed using condylar 
replacement prosthesis (Fig. 50.24). The patient 
was mobilized on next day of surgery. The out-
come was satisfactory at 1-year follow-up 
(Fig. 50.25a, b).

a b c d

Fig. 50.14 Postoperative radiograph in anteroposterior 
(a) and lateral (b) views showing condylar prosthetic 
replacement of distal femur and proximal tibial recon-

struction using tibial sleeve. Anteroposterior (c) and lat-
eral (d) follow-up radiographs of same knee at 2 years

a b c

Fig. 50.15 Preoperative radiograph showing failed total knee arthroplasty in anteroposterior (a) and lateral (b) views. 
(c) Retrieved prosthesis during revision surgery

R. Malhotra et al.
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Case 6 (condylar prosthetic replacement for 
acute comminuted fracture of distal femur in 
elderly)
A 75-year-old man presented with open fracture 
of the distal femur. He had a distal fragment with 
intra-articular extension (Fig. 50.26a, b). In view 
of open fracture, the wound was washed and he 
was primarily managed in an external fixator 
with primary suturing of the wound. The wound 
healed uneventfully. Considering the age of the 
patient and the bone quality, primary knee arthro-
plasty was performed after excising the distal 
fragment and replacing with distal femoral con-
dylar replacement prosthesis (Fig. 50.27a, b).

Case 7 (condylar prosthetic replacement for 
multiple failed fixation for distal femoral 
fracture)
A 64-year-old woman had multiple surgeries 
done for fixation of distal femoral fracture. She 
presented with failed implants and non-union of 

fracture fragments (Fig. 50.28a, b). She had scle-
rotic distal end of proximal fragment with broken 
screws in the medullary canal for which the fem-
oral osteotomy had to be performed more proxi-
mal than it was planned preoperatively. There 
was requirement of long extension segment to 
address the bone defect (Fig.  50.29). Revision 
surgery was performed with distal femoral con-
dylar replacement prosthesis (Fig. 50.30a, b).

50.8  Discussion

The current literature for the use of condylar 
replacement prosthesis in non-oncologic indica-
tions is sparse and is limited to few studies with 
small number of patients. The modern modular 
condylar replacement prostheses have replaced the 
previously used prostheses with better results and 
survival. The outcomes of use of these prostheses 
in different studies are summarized in Table 50.1.

a bFig. 50.16 Postopera-
tive radiograph in 
anteroposterior (a) and 
lateral (b) views 
showing condylar 
prosthetic replacement 
of distal femur
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a bFig. 50.17 Radiograph 
showing failed distal 
femoral periprosthetic 
fracture fixation in 
anteroposterior (a) and 
lateral (b) views

a b c d

Fig. 50.18 Postoperative radiograph in anteroposterior (a) and lateral (b) views showing condylar prosthetic replace-
ment of distal femur. The patient sustained periprosthetic fracture (c and d) at 1 year

R. Malhotra et al.
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Fig. 50.19 Intraoperative picture showing augmentation 
using strut allografts

a b

Fig. 50.20 Follow-up radiograph in anteroposterior (a) 
and lateral (b) views showing stable prosthesis with struts 
around the stem bridging the fracture site

a b

Fig. 50.21 Preoperative radiograph in anteroposterior (a) and lateral (b) views showing acute fracture of distal femoral 
fracture
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a bFig. 50.22 Postopera-
tive radiograph in 
anteroposterior (a) and 
lateral (b) views 
showing condylar 
prosthetic replacement 
of distal femur

a b

Fig. 50.23 Preoperative radiograph in anteroposterior 
(a) and lateral (b) views showing non-union of distal fem-
oral fracture fixation with failed implants in situ

R. Malhotra et al.
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Fig. 50.24 Postoperative radiograph in anteroposterior 
view showing condylar prosthetic replacement of distal 
femur

a b

Fig. 50.25 Clinical picture showing extension (a) and flexion (b) range of motion of the knee following prosthetic 
replacement of the patient described in Fig. 50.24

a b

Fig. 50.26 Preoperative radiograph in anteroposterior 
(a) and lateral (b) views showing acute comminuted intra- 
articular fracture of the distal femur in an elderly

50 Condylar Replacement Prosthesis as a Salvage in Knee Arthroplasty
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a b

Fig. 50.27 Postoperative radiograph in anteroposterior (a) and lateral (b) views showing condylar prosthetic replace-
ment of distal femur with cemented stem

a b

Fig. 50.28 Preoperative radiograph in anteroposterior (a) and lateral (b) views showing fracture non-union distal end 
of femur with failed implants in situ

R. Malhotra et al.
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Fig. 50.29 Intraoperative picture showing implantation 
of condylar replacement prosthesis with extension seg-
ment to address the loss of diaphyseal bone

a b

Fig. 50.30 Postoperative radiograph in anteroposterior (a) and lateral (b) views following revision surgery with con-
dylar replacement prosthesis

50 Condylar Replacement Prosthesis as a Salvage in Knee Arthroplasty
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50.9  Summary

Condylar replacing prosthesis is usually indi-
cated for salvage in selected subset of patients 
with massive bone compromise, and not amena-
ble to bone preservation but to preserving limb 
function and mobility. The actual defect is 
assessed after resecting the non-salvageable seg-
ment. Caution must be taken to avoid any further 
intraoperative bone loss and resection consists of 
mainly “freshen up cut” of tibia and marginal 
resection of distal femur. One should have 
acquaintance with the instrumentation of the 
implant that is being used. Component rotation is 
crucial as the bony landmarks are lost due to 
defect. Femoral rotation is judged by placing it 
parallel to tibial component or with respect to 
linea aspera. A reference line marked over the 
anterior femoral cortex, prosthetic trochlear 
groove, and the anterior tibial cortex aids in 
determining the component orientation. With the 
trial construct, in place one should be vigilant not 
only on the component placement and patellar 
tracking but also on the vascular status and limb 
length which may need adjustment accordingly. 
The current literature reports satisfactory func-
tional outcome after prosthetic condylar replace-
ment in highly complex cases like non-union of a 
periprosthetic or supracondylar femoral fracture, 
severe bone loss following TKA with ligamen-
tous instability and comminuted intraarticular 
fractures in elderly. The condylar replacement 
prosthesis offers salvage option with early mobil-
ity and maintenance of joint motion in these 
complex cases.
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51.1  Introduction

Total knee arthroplasty (TKA) is a common 
orthopaedic procedure. It is estimated that about 
1.5 million TKAs will be performed in the United 
States in 2020 [1]. In most cases there is a good 
outcome, however, in some patients, issues 
related to wound healing may have disastrous 
consequences, which may even lead to an ampu-
tation. The spectrum of these complications may 
vary from persistent drainage from the wound to 
superficial skin loss to full thickness necrosis of 
the skin envelope leading to implant exposure [2, 
3]. These may initially be sterile but eventually 
get colonised and may develop invasive infec-
tion. An exposed infected implant requires 
aggressive management and may cause func-
tional compromise, despite best efforts.

51.2  Risk Factors

It is important to look for any predisposing fac-
tors for poor wound healing during the pre- 
operative workup. The various risk factors have 
been listed in Table 51.1.

If local tissues are found to be scarred or com-
promised, pre-operative plastic surgical consulta-

tion and appropriate intervention can prevent 
post-operative problems.

51.3  Classification

The spectrum of soft tissue related complications 
varies from persistent discharge, local erythema, 
small superficial necrosis to frankly infected 
wound with pus formation and exposed implant. 
Laing et  al. (1992) classified such wounds and 
this is the most commonly used classification for 
the same (Table 51.2). The limitation here is that 
it does not consider the size of the wound, pres-
ence of infection or the amount of tissue loss [7].

51.4  Preventive Strategies 
for Soft Tissue Management 
and Wound Complication

The recognition of risk factors is the first step in 
trying to prevent soft tissue and wound related 
complications, and it begins with a proper assess-
ment of the patient’s general condition and the 
local area.

51.4.1  Optimization of Systemic 
Factors

Systemic co-morbidities need to be assessed by 
the concerned specialist and controlled pre- 
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operatively. Diabetes is an independent risk fac-
tor associated with systemic and wound 
complications and poor functional outcomes [8]. 
The aim is optimal control of pre-op, intra-op and 
post-operative sugar levels rather than improve-
ment in HbA1c level which takes longer to 
improve [9].

Smoking causes vasoconstriction, impaired 
oxygen delivery and metabolism at the operative 
site. As compared to non-smokers, current and 
former smokers have been shown to have 24% 
and 32% higher risk, respectively, of post- 
operative complications [10]. Although the opti-
mal time for cessation of smoking pre-operatively 

is not yet known, a minimum of 4–8 weeks is 
recommended [9, 11].

Malnutrition—both under- and over-nutrition 
have deleterious impact on final outcomes. 
Obesity and morbid obesity have both been 
shown to be associated with more wound related 
complications and even death in early post- 
operative period [12]. McElroy et  al. have sug-
gested that a patient with BMI ≥ 40 should not be 
considered for TKA due to significant associated 
risks [13]. Obese patients had 6.7 times greater 
risk of infection than non-obese patients [14]. 
Undernutrition has also been shown to be associ-
ated with more systemic and local complications 
including longer hospital stay and higher read-
mission rates. The traditionally used markers of 
undernutrition like serum albumin <3.5  g/dL, 
lymphocyte count <1500/mm3 and transferrin 
levels <226 mg/dL may not be the gold standard 
but are the most accepted clinically [15]. Lower 
values should warrant interventions to correct 
them, in consultation with a nutritionist [9]. Pre- 
operative high protein intake and supplementa-
tion of Vitamin A, Vitamin C, zinc and copper 
have been shown to improve outcomes [16].

The patients who are undergoing TKA due to 
rheumatoid arthritis are at 2–3 times greater risk 
of complications than patients with osteoarthritis. 
Such patients may be on NSAIDS, corticoste-
roids or disease modifying agents, some of which 
may need to be discontinued or have their doses 
modified before surgery. This requires co- 
ordination with the treating rheumatologist [9]. 
Any other systemic medical condition should be 
under control and the patient optimised on medi-
cation before proceeding with TKA.

51.4.2  Optimization of Local Factors

It is imperative that the skin and the soft tissues in 
the region of the knee are soft, supple and pliable 
before surgery. Peripheral vascular disease leads 
to poor perfusion of the tissues leading to delayed 
healing, wound breakdown, susceptibility to 
infections and poorer final outcome. There is also 
a risk of vascular compromise of the limb espe-
cially with the use of a tourniquet. A vascular sur-

Table 51.1 Risk factors for wound related complications 
[4, 5]

Systemic factors
Diabetes
Smoking and tobacco use
Obesity
Immuno-compromised state
Collagen vascular disease
Rheumatoid arthritis
Malnutrition
Local factors
Prior scarring and fibrosis
Peripheral vascular disease
Irradiation
Improper tissue handling and poor technique
Higher tourniquet pressure
Tight post-operative dressings
Haematoma formation
Premature mobilisation causing excessive local stress

Table 51.2 Laing grading of wound complications [6]

Grade 
0

Simple wound erythema without any skin 
breakdown

Grade 
1

Skin necrosis and breakdown of the 
superficial wound without involvement of the 
deep layers or the presence of a wound sinus

Grade 
2

More extensive superficial necrosis 
associated with a wound sinus into the joint 
but without deep wound breakdown

Grade 
3

Deep wound dehiscence with a sinus but 
little or no exposure of the prosthesis on 
inspection

Grade 
4

Deep dehiscence with obvious exposure of 
the prosthesis

Laing J. H. E. et al. The exposed total knee replacement 
prosthesis: a new classification and treatment algorithm. 
British Journal of Plastic Surgery 1992; 45:66–69

S. Singh et al.
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gery consult should be taken in all such patients 
and if required vascular intervention may be 
planned before TKA.

Scars of prior surgery or injury and prior irra-
diation to the area may compromise the local tis-
sues (Fig. 51.1). Previous scars need to be 
considered while planning the incision for 
TKA.  Transverse scars can be crossed at 90 
degrees [17, 18] and a  previous longitudinal scar 
can be used for the access. In case of multiple 
longitudinal scars, the lateral most scar or the 
most recent one should be chosen. The ideal 
width of the skin bridge between incisions should 
be 7 cm to ensure adequate supply to the inter-
vening tissues [18]. If there has been a long time 
since the previous incision, a gap of up to 5 cm 
may be considered. Lateral arthrotomy is pre-
ferred due to more robust blood supply from the 
medial side [17, 19].

In patients with pre-existing flexion defor-
mity, TKA leads to pressure and vascular com-

promise of the skin due to it getting stretched 
over the implant. Tension free closure becomes 
difficult if there are multiple longitudinal scars 
less than 5 cm apart, converging scars, unstable 
scars or if the area has skin graft over the joint 
capsule. In such situations a plastic surgery con-
sult and intervention becomes imperative before 
a TKA.

51.5  Options to Improve the Soft 
Tissue Envelope

51.5.1  Tissue Expanders

Skin expansion is a surgical procedure where a 
silicone tissue expander is placed under the nor-
mal surrounding tissues which are then expanded 
by gradual expansion of the expander [20]. Once 
sufficiently expanded tissue is available, the 
scarred tissues are removed and the area resur-
faced with the expanded tissues. This approach 
needs time (may take about 3–4 months) and 
involves additional surgical procedure for 
expander placement and its associated cost. Once 
expansion is completed, expander removal and 
flap advancement can be done at the time of 
TKA.  Long et  al. have shared their 15 years’ 
experience with the use of soft tissue expansion 
in TKA and have shown good outcomes with this 
approach [21]. In their series, complications were 
seen in patients with prior irradiation or skin 
grafting, hence tissue expansion is not recom-
mended in such cases.

51.5.2  Prophylactic Flaps: Pedicled 
or Free

This involves the removal of the scarred tissue 
and resurfacing with a soft supple tissue flap 
prior to TKA.  Arthroplasty may be performed 
once the flap is well settled which is generally 
after a period of 3 months after flap surgery. 
Casey et al. in their study concluded that patients 
who underwent prophylactic flaps had lesser 
complications and better outcomes than patients 
that needed salvage flaps after wound complica-

Fig. 51.1 Badly scarred knee, at high risk of wound com-
plications following TKA (Picture courtesy Dr Ashok 
Rajgopal)
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tions [16]. The flaps used were pedicled flaps like 
local fascio-cutaneous flaps, medial gastrocne-
mius muscle flaps or free flaps depending upon 
the situation. They concluded that fascio- 
cutaneous flaps had better functional outcomes 
after TKA than muscle flaps as the latter became 
fibrotic with time.

51.6  Intra-operative Management

Asepsis, good soft tissue handling, proper tech-
nique, tension free closure are the key factors that 
prevent soft tissue compromise. Tourniquet usage 
at very high pressures has been shown to cause 
tissue hypoxia and compromised healing. Clarke 
et al. in their study concluded that use of tourni-
quet during TKA resulted in tissue hypoxia and 
possibly more wound complications, especially 
where the tourniquet was inflated to higher pres-
sures (350 mm of Hg vs 225 mm of Hg). They 
however found no correlation between the dura-
tion of inflation and tissue hypoxia [22]. Thus, 
tourniquet should be used at lower pressures 
(preferably not more than 100–150  mm of Hg 
greater than the systolic pressure) and not longer 
than absolutely required.

Undue retraction and pulling of the tissues 
also cause local damage with healing problems 

[18]. Keeping the incision long enough provides 
adequate exposure without the need for excessive 
retraction. Tension at the incision site can be 
judged from the shape that the wound edges 
make at the ends. A V shape at the ends indicates 
no excessive tension (V sign) and a U shape indi-
cates excessive tension (U sign) [18], in which 
case the incision may be extended to distribute 
the tension better (Fig. 51.2).

Haematomas can increase tension on the wound 
at closure and cause ischaemia of the wound edges. 
Meticulous haemostasis before closure is critical. 
Electrocautery, anti- fibrinolytic agents, topical or 
systemic haemostatic agents can all be used to 
achieve effective haemostasis. Tension free wound 
closure with proper approximation of the wound 
edges helps in good healing. This is particularly 
important at the distal most part of the incision over 
the patellar tendon as this is the site from where 
wound breakdown and infection generally start 
[18]. The current data does not support the use of 
negative suction drains in TKA [23].

Various studies including those by Karlakki 
et al. [24] and Keeney et al. [25] have shown the 
benefit of incisional Negative Pressure Wound 
Therapy (NPWT) in wound healing. It reduces 
oedema, improves lymph and blood flow in the 
wound edges and reduces tension, discharge, 
chances of haematoma, wound contamination 

a b

Fig. 51.2 (a) V shape between the wound edges at the end of the incision indicates adequate tension after closure. (b) 
U shape between the wound edges indicates likelihood of excessive tension at the time of closure
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and infection. According to Kim et  al.’s meta-
analysis on incisional NPWT, it had a higher rate 
of blister formation around the incision site 
mostly due to reaction to the polyurethane foam 
and adhesive tape but led to reduction in wound 
site complications, lower surgical site infections, 
lesser length of stay and lesser  reoperation rates 
as compared to conventional dressings [26].

In patients, where, despite all the above- 
mentioned measures, the suture line seems to be 
under excessive tension, a primary flap cover at 
the time of TKA should be considered. This 
does increase the operative time, cost and dura-
tion of hospital stay but saves post-operative 
complications.

51.7  Management of Established 
Soft Tissue Compromise 
and Infection

Soft tissue compromise after TKA may manifest 
itself as persistent drainage from the incision site, 
local erythema, blistering, superficial raw areas, 
frank necrosis, eschar formation or exposure of 
the implant. A close watch should be kept for 
these and an early and appropriate management 
started when needed.

Serosanguinous drainage from the incision 
site is expected for the first 1–2 days. Drainage is 
considered abnormal if it persists for >72 h (per-
sistent drainage) or is sufficient to cause soakage 
of an area of >2 × 2 cm of the gauze (substantial 
drainage) [27]. It mostly settles on its own, but a 
close observation is needed. In this early period 
the discharge is serosanguinous and from superfi-
cial tissues but if it becomes thick (which repre-
sents degraded fat and blood products), it is likely 
to be from deeper tissues and potentially infec-
tive [18, 27]. Initially it can be managed non- 
operatively using measures listed in Table 51.3. 

There is an increase of 29% in the risk of infec-
tion for each day of persistent drainage [28].

Although objective criteria for a surgical inter-
vention are not yet defined but there was a strong 
consensus in the Proceedings of the International 
Consensus on Peri-prosthetic Joint Infection that 
any discharge that persists for more than 5 days is 
unlikely to resolve on its own and needs surgical 
intervention [29]. Surface wound swabs for cul-
tures are not very reliable due to a high degree of 
contamination from the surrounding skin flora 
hence joint aspiration should be done either pre- 
operatively or intra operatively for analysis and 
cultures [19].

Soft tissue compromise may take the form of 
superficial raw areas only or there may be 
involvement of deeper layers with exposure of 
the implant, the bone or the cement. Other than 
the un-infected small marginal necrosis, all other 
patients need a thorough debridement of the dead 
and devitalised tissues and a plastic surgical con-
sultation and management.

Use of Negative Pressure Wound Therapy 
(NPWT) has revolutionised the management of 
all wounds including those following TKA.  It 
may be used in various forms as

• Simple negative pressure therapy (NPWT)
• Negative pressure therapy with instillation 

(NPWT i-d, ROCF-V)
• Negative pressure therapy with instillation 

and a debriding function (NPWT i-d, 
ROCF-CC)

• Incisional NPWT, as discussed earlier.

NPWT helps in maintaining a closed wound 
environment, reduces oedema, improves micro-
circulation, helps in exudate management, 
improves granulation tissue formation and pro-
motes wound retraction and healing. After 
debridement, NPWT dressing with or without 
instillation is applied. NPWT i-d with the provi-
sion of cyclical irrigation and lavage of the wound 
allows better exudate management and is, there-
fore, preferred by the authors. The solution used 
for irrigation may be normal saline, cleansers, 
antiseptic solutions or antibiotic containing solu-
tions. Although normal saline has been shown to 

Table 51.3 Non-operative management for wound site 
drainage

Gentle compressive dressings
Restriction of physical therapy
Stoppage of anti-coagulation
Incisional NPWT
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be equally efficacious, surgeons may have their 
own preference. The authors’ protocol involves 
the use of polyhexanide biguanide (0.1%) + beta-
ine (0.1%) solution in cases where the implant is 
exposed as this solution has been shown to break 
the biofilm and prevent it from reforming. As per 
the International consensus guidelines on NPWT, 
published in 2020 [30], NPWT instillation 
(NPWTi-d, ROCF-V) can be used in patients 
with exposed, infected or contaminated ortho-
paedic hardware after debridement but not for 
wounds with exposed, unprotected blood vessels 
or organs and over un-drained abscesses, acutely 
infected wounds or ischaemic wounds. In acutely 
infected wounds, where for some reason a surgi-
cal debridement is not possible NPWTi-d with 
ROCF-CC can be used. The negative pressure of 
125 mm of Hg and a dwell time of 10 min are 
recommended. The suggested negative pressure 
phase duration is 2.0–3.0 h with ROCF-V dress-
ing and 2.0–2.5 h with ROCF-CC dressing. The 
recommended solutions for instillation are a) 
normal saline, (b) hypochlorous acid solution, (c) 
sodium hypochlorite solution (dilute Dakin’s 
solution 0.125% or quarter strength), (d) acetic 
acid solution (0.25–1.0%), and (e) polyhexamide 
biguanide (0.1%) + betaine (0.1%). The group 
did not recommend the use of antibiotic solutions 
to prevent sensitization and local resistance to 
antibiotics.

Antibiotic management is guided by the cul-
tures. The aspirated fluid sample is a better speci-
men for cultures than a surface swab, as discussed 
earlier. The duration of antibiotic therapy in pres-
ence of an infected implant is not defined. An 
infectious diseases specialist can be of great help 
in antibiotic management. Implant salvage is a 
contentious issue with the details beyond the 
scope of this chapter.

Once the wound looks clean clinically with 
healthy granulation tissue and the wound cultures 
are sterile, appropriate wound cover is planned.

51.8  Reconstruction of Skin 
and Soft Tissue Defects

Once the wound has been debrided and appears 
clinically clean and wound/joint fluid cultures are 
sterile, definitive wound cover can be planned. The 
options depend upon the depth and size of the 
wound, the condition of the surrounding tissues and 
the expertise available. The traditional concept of 
the “reconstructive ladder” has now been replaced 
with the “reconstructive elevator” [31, 32]. The 
reconstructive ladder involved the use of simple 
techniques first followed by the more complex 
options later whereas the elevator concept means 
the use of the most appropriate option irrespective 
of the level of complexity (Figs. 51.3 and 51.4).

Primary Closure

Skin 
grafting

Local flaps

Distant flaps

Fig. 51.3 The 
traditional reconstructive 
ladder concept
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51.8.1  Secondary Suturing 
and Secondary Healing

This is reserved for patients with small marginal 
necrosis of a few millimetres. These may heal on 
their own in most cases or may be excised and the 
wound sutured without tension. Healing by sec-
ondary intention is generally not preferred as it 
causes significant scarring. It is reserved for very 
small areas over muscles or fascia in patients who 
are at a significant risk for surgery (Fig. 51.5).

51.8.2  Skin Grafting

Split thickness skin grafts can be used for super-
ficial raw areas over muscles or fascia. NPWT 
may be used to prepare a healthy well vascular-
ised wound bed and even over the skin graft for 
better graft take. Skin grafts can cause contrac-
ture formation which diminishes the benefits of 
TKA (Fig. 51.6).

51.8.3  Flap Coverage

Flaps are the mainstay for reconstruction of soft 
tissue defects around the knee as they provide an 
adequate and pliable soft tissue cover. In cases of 
wound dehiscence or infection, flaps help in 
implant salvage by improving the vascularity in 
the region. In the long term they allow a good 

range of motion at the knee joint by providing 
tissues that better tolerate the dynamic stress.

The flaps used for coverage of knee defects 
can either be local flaps or free flaps. The advan-
tages and disadvantages of the two types of flaps 
are mentioned in Table 51.4.

51.8.3.1 Local Flaps
The local flap options available for soft tissue 
cover at the knee joint are (Table 51.5).

 1. Muscle flaps—muscle flaps are the workhorse 
for soft tissue coverage around the knee joint. 
They are reliable, easy to harvest, improve vas-
cularity, provide bulk and fill dead spaces. 
Gastrocnemius (medial and lateral), distally 
based Vastus lateralis, Vastus medialis, Gracilis 

Distant flap

Local flap

Skin graft

Direct Closure

Tissue expansion

Micro vascular

Fig. 51.4 The reconstructive elevator

Fig. 51.5 Small superficial dehiscence in the upper part 
of the suture line, likely to heal on its own (Picture cour-
tesy Dr Ashok Rajgopal)
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and Sartorius muscle are few local flap options 
available. Gastrocnemius is the workhorse flap.

 2. Musculocutaneous flaps—provides more tis-
sue for coverage of larger defects. Based on 
the perforators arising from the underlying 
muscle the territory of the skin which can be 
harvested extends well beyond the territory of 
the underlying muscle.

 3. Fascio-cutaneous/cutaneous flaps:
 (a) Random pattern
 (b) Pedicled
 (c) Perforator based

a b

Fig. 51.6 (a) A superficial tissue loss. (b) Healed raw area following skin grafting

Table 51.4 Advantages and disadvantages of local and 
free flaps

Advantages Disadvantages
Local 
flap

• Easy to plan
• Less time 
consuming
• No microsurgical 
expertise needed
• More cost effective

• Tissue needs to be 
transferred from 
adjacent scarred zone
• Skin graft needed to 
cover the donor area
• Aesthetically less 
pleasing

Free 
flap

• Skin transferred 
from a virgin area 
with no scarring
• Can be tailored to 
the size and shape of 
defect

• Microsurgical skills 
needed
• Risk of vascular 
compromise and flap 
loss
• Longer operative 
time and longer 
duration of stay

Table 51.5 Local flaps for coverage of knee defects

Advantages Disadvantages
Muscle flap • Reliable

• Easy to 
harvest
• Fills dead 
space well

• Needs skin 
graft
• Minimal but 
definitive 
functional deficit

Musculocutaneous 
flaps

• All the 
advantage of 
muscle flap 
with better 
arc of 
rotation

• Donor site 
deformity more 
pronounced

Fascio-cutaneous 
pedicled flaps

• Reliable
• Easy to 
harvest
• Provides 
thin pliable 
skin cover

• Needs skin 
grafting at donor 
site
• Dog ear effect
• Aesthetically 
unpleasing

Fascio-cutaneous 
perforator flaps

• Can be 
tailor made 
as per defect
• Minimises 
donor defect, 
deformity 
and need for 
skin graft

• Needs Doppler 
identification of 
perforator
• Surgically 
more demanding
• Chances of 
venous 
congestion
• Venous 
supercharging 
maybe needed 
which needs 
microsurgical 
skills
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The use of fascio-cutaneous flaps has 
increased especially after the advent of the per-
forator concept. A meta-analysis by Economides 
JM et al. compared muscle and fascio-cutaneous 
flaps in terms of the functional outcomes and 
associated morbidities [33]. Both were compa-
rable in terms of surgical outcomes and compli-
cations but muscle flaps were associated with 
some functional compromise at the donor site. 
This may be of significance in young patients 
and those involved in sports. Flap selection 
should be made keeping in mind the functional 
requirements of the patient.

Muscle flaps
Muscle flaps have traditionally been the pre-
ferred option for coverage of defects around the 
knee, medial gastrocnemius flap being the work-
horse flap.

Gastrocnemius muscle/musculocutaneous 
flaps—These flaps are based on the sural artery 
branch of the popliteal artery. It remains the most 
common and reliable option for any soft tissue 
defect in the knee joint region. Although generally 
used as a muscle flap, it may be raised as a mus-
culocutaneous flap. The average width of the 
wound that can be covered with single gastrocne-
mius flap is 6–8 cm. Medial gastrocnemius serves 
better as it has more bulk, better arc of rotation 
and longer pedicle length as compared to lateral 
gastrocnemius. However, for wider defects, both 
the medial and lateral gastrocnemius can be used. 
When used as musculocutaneous flaps, they pro-
vide better reach, pliable skin cover but the cost of 
donor site disfigurement must be carefully con-
sidered. Various other local muscle flaps like dis-
tally based Vastus lateralis, Vastus medialis, 
Gracilis and Sartorius muscle are available and 
can be used in selected situations either alone or 
in combinations with the medial gastrocnemius 
flap especially if the defect extends to the supra- 
patellar region. One of the drawbacks of using a 
muscle is the need to cover them with a skin graft 
which in the long term may be unaesthetic. Also, 
there may be a donor deficit which may be of con-
cern to young and athletic individuals. If a further 
surgical intervention is contemplated, skin flaps 
allow for better access later [34] (Fig. 51.7).

Fascio-cutaneous flaps
Fascio-cutaneous flaps were first described by 
Ponten and their use for knee defects has 
increased with time. These are raised in the sub- 
fascial plane and can be random pattern flaps 
from the surrounding areas, pedicled fascio- 
cutaneous flaps based on a named vessel or may 
be in form of a perforator flap. When raised in a 
supra-fascial plane, these are labelled as cutane-
ous flaps. As there is a rich network of blood ves-
sels around the knee, various flaps can be planned 
depending upon the condition of the surrounding 
skin and soft tissues.

The random pattern flaps can be either proxi-
mally based with flap base in the thigh or distally 
based with the flap base in the leg. The former is 
the preferred orientation and a delay procedure is 
recommended for the latter orientation [35] but 
inclusion of a perforator in the flap base obviates 
the need for a delay (Fig. 51.8).

Pedicled fascio-cutaneous flaps are based on 
a named vessel from which the perforators arise 
to supply the overlying skin. These can also be 
used as free flaps. Examples include medial 
sural artery flap, lateral cutaneous sural artery 
flap and saphenous artery flap. Perforator flaps 
are fascio- cutaneous/cutaneous flaps based on 
single perforator arising from underlying vessel 
[36]. They usually pass through the fascial sep-
tum or through the muscle and after reaching 
the subdermal level they ramify into multiple 
branches radially and supply a territory of skin 
known as “perforasome”. The rich vascular 
supply around the knee joint gives us multiple 
options for perforator- based flaps. The only 
pre-requisite is presence of good perforator 
(based on good signal on hand held Doppler) 
adjacent to the knee joint. These are technically 
demanding surgeries, the flap is islanded based 
on single perforator which needs to be dissected 
to its vessel of origin which helps in better 
mobilisation. The flap can be transferred to the 
defect as an advancement flap, or rotated on the 
axis of the perforator by certain angle to cover 
the defect. Propeller flap is a variation in which 
the flap is rotated by 180 degrees. Perforator 
flaps can be pedicled or used as free flaps. 
Examples of pedicled perforator- based flaps are 
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reverse anterolateral thigh flap, lateral supra-
genicular artery perforator flap, Vastus medialis 
perforator flap [35, 36]. Reverse pedicled flaps 
are best avoided where prior trauma or surgery 
is likely to have damaged the anastomotic con-
nections between the vessels that supply the 
flap (Fig. 51.9).

51.8.3.2 Free Flaps
Free flaps are becoming increasingly common 
with the increasing microvascular expertise. They 
have expanded the scope of reconstruction as sur-
geons can transfer tissues that are best suited to 
the defect especially for extensive defects where 
local tissues may be insufficient or unavailable 
due to scarring. Free flaps involve harvesting of 
tissues along with their vascular pedicle away 
from the area of defect and then anastomosing the 
pedicle to the recipient vessels around the defect 
to restore the blood supply of the flap. The recipi-
ent vessels may be the popliteal or the superficial 
femoral artery where the anastomoses are in end 
to side fashion, medial sural artery, the descend-
ing branch of lateral circumflex femoral artery or 
the tibial artery. The descending genicular branch 

of the femoral artery is a preferred recipient vessel 
due to its consistent location, ease of dissection in 
supine position and a good size for end to end 
anastomosis.

Muscle or Musculocutaneous free flaps
Latissimus dorsi muscle or musculocutaneous 
flap is the preferred flap especially if the size of 
the defect is large. It provides large amount of 
muscle with or without a skin paddle and good- 
sized vessels. The drawback is that a change of 
operative position is needed for the harvest. Other 
rarely used options for muscle flaps are the vastus 
lateralis muscle, gracilis and rectus abdominis 
(Fig. 51.10).

Fascio-cutaneous or cutaneous free flaps
The work horse flap is the anterolateral thigh free 
flap (Fig. 51.11). It offers versatility, can be har-
vested as a fascio-cutaneous/cutaneous flap, as a 
musculocutaneous flap or as a chimeric flap 
along with vastus lateralis muscle [19, 34]. Fascia 
lata can be harvested as a part of the flap and can 
be used for quadriceps tendon reconstruction. 
Other options include medial sural artery flap 

ba

Fig. 51.7 Medial Gastrocnemius flap. (a) Flap transposed to cover the defect, (b) settled flap in situ
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a b

Fig. 51.8 Random pattern bipedicled flap. (a) Badly infected wound after removal of the prosthesis. (b) Wound closure 
with a bipedicled random pattern flap after the wound had become healthy

a b

c

Fig. 51.9 Medial Sural artery perforator-based pedicled 
fascio-cutaneous flap. (a) Soft tissue defect after debride-
ment and removal of implant, (b) harvested medial sural 
artery perforator-based flap showing its pedicle, (c) flap 

insetted and donor site closed primarily (Photograph cour-
tesy Dr Hardeep Singh, Senior Consultant, Department of 
Plastic Aesthetic and Reconstructive Surgery)
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a b c d

Fig. 51.10 Latissimus Dorsi free flap. (a) Chronic 
wound with exposed implant. (b) The wound after 
debridement and removal of the implant. (c) 

Musculocutaneous Latissimus dorsi flap in place over the 
defect. (d) Settled flap with healed grafted areas over the 
muscle

a b

dc

Fig. 51.11 (a) Free anterolateral thigh flap for wound 
dehiscence with exposed implant at the site of previous 
scar, (b) the wound after debridement and NPWT dress-

ing, (c) harvested free anterolateral thigh flap, (d) flap 
insetted in place to cover the defect

(can be used as a pedicled flap also), radial artery 
forearm flap, deep inferior epigastric artery per-
forator flap among others.

Free flaps require microvascular expertise, 
and vascular compromise is a dreaded compli-

cation of the same. The operative time and hos-
pital stay for these is also longer than for local 
flaps thereby increasing the cost of these 
procedures.
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51.9  Summary

The goal of TKA is not just to replace the joint 
surfaces but to reduce pain and improve the range 
of movement. Soft tissue compromise can be a 
devastating complication following TKA.  A 
badly scarred skin and soft tissue envelope may 
limit the range of movement. Soft tissue deficien-
cies can be prevented and managed with:

• Careful pre-operative evaluation and 
optimization

• Use of tissue expansion or prophylactic flaps 
to improve soft tissue envelope prior to TKA 
in patients with compromised soft tissues 
around the knee

• Proper post-operative monitoring to quickly 
recognise any wound related complication, 
especially in high risk patients.

• Aggressive early management of an estab-
lished soft tissue compromise.

• Choosing the best option based on the patient’s 
condition, the condition of local tissues and 
the available expertise.

• Multidisciplinary approach for prevention and 
management.

Acknowledgement The authors will like to acknowledge 
the help of Dr Pooja Sharma, Director and Head, Medanta 
Institute of Education and Research, in the preparation 
and review of this manuscript.

References

 1. Kurtz SM, Ong KL, Lau E, Bozic KJ.  Impact of 
the economic downturn on total joint replacement 
demand in the United States: updated projections to 
2021. J Bone Joint Surg Am. 2014;96:624–30.

 2. Alexiades M, Sands A, Craig SM, Scott 
WN.  Management of selected problems in revi-
sion knee arthroplasty. Orthop Clin North Am. 
1989;20:211–9.

 3. Lian G, Cracchiolo A III, Lesavoy M. Treatment of 
major wound necrosis following total knee arthro-
plasty. J Arthroplasty. 1989;4(Suppl):S23–32.

 4. Galat DD, McGovern SC, Larson DR, Harrington JR, 
Hanssen AD, Clarke HD. Surgical treatment of early 
wound complications following primary total knee 
arthroplasty. J Bone Joint Surg Am. 2009;91:48–54.

 5. Economides JM, DeFazio MV, Golshani K, Cinque 
M, Anghel EL, Attinger CE, Evans KK. Systematic 
review and comparative meta-analysis of outcomes 
following pedicled muscle versus fasciocutaneous 
flap coverage for complex periprosthetic wounds in 
patients with total knee arthroplasty. Arch Plast Surg. 
2017;44:124–35.

 6. Laing JHE, et al. The exposed total knee replacement 
prosthesis: a new classification and treatment algo-
rithm. Br J Plastic Surg. 1992;45:66–9.

 7. Amin NH, et al. Total knee arthroplasty wound com-
plication treatment algorithm: current soft tissue cov-
erage options. J Arthroplasty. 2019;34:735–42.

 8. Singh JA, et al. Diabetes: a risk factor for poor func-
tional outcome after total knee arthroplasty. PLoS 
One. 2013;8(11):e78991.

 9. Moucha CS, Clyburn T, Evans RP, Prokuski 
L. Modifiable risk factors for surgical site infection. J 
Bone Joint Surg Am. 2011;93(4):398–404.

 10. Singh JA.  Smoking and outcomes after knee and 
hip arthroplasty: a systematic review. J Rheumatol. 
2011;38(9):1824–34.

 11. Matharu GS, et al. The effect of smoking on outcomes 
following primary total hip and knee arthroplasty: a 
population-based cohort study of 117,024 patients. 
Acta Orthopaedica. 2019;90(6):559–67.

 12. D’Apuzzo MR, et  al. Morbid obesity indepen-
dently impacts complications, mortality, and 
resource use after TKA.  Clin Orthopaed Relat Res. 
2015;473:57–63.

 13. McElroy MJ, et  al. The effects of obesity and mor-
bid obesity on outcomes in TKA.  J Knee Surg. 
2013;26:83–8.

 14. Namba RS, Paxton L, Fithian DC, Stone ML. Obesity 
and perioperative morbidity in total hip and total knee 
arthroplasty patients. J Arthroplasty. 2005;20(7 Suppl 
3):46–50.

 15. Tsantes AG, et  al. Association of malnutrition with 
periprosthetic joint and surgical site infections after 
total joint arthroplasty: a systematic review and meta- 
analysis. J Hosp Infect. 2019;103:69–77.

 16. Casey WJ, et  al. Prophylactic flap reconstruction of 
the knee prior to total knee arthroplasty in high-risk 
patients. Ann Plastic Surg. 2011;66(4):381–7.

 17. Panni AS. Wound complications in total knee arthro-
plasty. Which flap is to be used? With or without 
retention of prosthesis? Knee Surg Sports Traumatol 
Arthroscopy. 2011;19:1060–8.

 18. Simons MJ, et  al. Acute wound complications after 
total knee arthroplasty: prevention and management. 
J Am Acad Orthop Surg. 2017;25:547–55.

 19. Osei DA, et  al. Soft-tissue defects after total knee 
arthroplasty: management and reconstruction. J Am 
Acad Orthop Surg. 2016;24:769–79.

 20. Clarke HD, Craig-Scott S, Scott WN. Tissue expand-
ers in total knee arthroplasty. Tech Knee Surg. 
2005;4:12–8.

 21. Long WJ, Wilson CH, Scott SM, Cushner FD, Scott 
WN. 15-Year experience with soft tissue expan-

51 Managing Soft Tissue Deficiencies in Total Knee Arthroplasty



736

sion in total knee arthroplasty. J Arthroplasty. 
2012;27(3):362–7.

 22. Clarke MT, Longstaff L, Edwards D, Rushton 
N. Tourniquet induced wound hypoxia after total knee 
replacement. J Bone Joint Surg Br. 2001;83:40–4.

 23. Zhang Q, et al. Are closed suction drains necessary for 
primary total knee arthroplasty? A systematic review 
and meta-analysis. Medicine. 2018;97(30):e11290.

 24. Karlakki SL, et al. Incisional negative pressure wound 
therapy dressings (iNPWTd) in routine primary hip 
and knee arthroplasties. A randomised controlled 
trial. Bone Joint Res. 2016;5:328–37.

 25. Keeney JA, et al. Incisional negative pressure wound 
therapy devices improve short-term wound complica-
tions, but not long-term infection rate following hip 
and knee arthroplasty. J Arthroplasty. 2019;34:723–8.

 26. Kim JH, et  al. Comparison of the efficacy between 
closed incisional negative-pressure wound therapy 
and conventional wound management after total hip 
and knee arthroplasties: a systematic review and 
meta-analysis. J Arthroplasty. 2019;34:2804–14.

 27. Parvizi J, Gehrke T, Chen AF.  Proceedings of the 
International Consensus on Periprosthetic Joint 
Infection. Bone Joint J. 2013;95-B(11):1450–2.

 28. Patel VP, Walsh M, Sehgal B, Preston C, De Wal H, Di 
Cesare PE. Factors associated with prolonged wound 
drainage after primary total hip and knee arthroplasty. 
J Bone Joint Surg Am. 2007;89(1):33–8.

 29. Shohat N, Bauer T, Buttaro M, et  al. Hip and knee 
section, what is the definition of a Periprosthetic 
Joint Infection (PJI) of the knee and the hip? Can the 
same criteria be used for both joints? Proceedings of 

international consensus on orthopaedic infections. J 
Arthroplasty. 2019;34(2S):S325–7.

 30. Kim PJ. Negative pressure wound therapy with instil-
lation: international consensus guidelines update. Int 
Wound J. 2020;17:174–86.

 31. Janis JE, Kwon RK, Attinger CE. The new reconstruc-
tive ladder: modifications to the traditional model. 
Plast Reconstr Surg. 2011;127:205S–12S.

 32. Gottlieb LJ, Krieger LM. From the reconstructive lad-
der to the reconstructive elevator. Plast Reconstr Surg. 
1994;93:1503–4.

 33. Economides JM, et  al. Systematic review and com-
parative meta-analysis of outcomes following pedi-
cled muscle versus fasciocutaneous flap coverage for 
complex periprosthetic wounds in patients with total 
knee arthroplasty. Arch Plast Surg. 2017;44:124–35.

 34. Bharathi R, et  al. Soft tissue coverage for defects 
around the knee joint. Indian J Plast Surg. 
2019;52:125–33.

 35. Zheng H-P, Lin J, Zhuang Y-H, Zhang F-H. Convenient 
coverage of soft-tissue defects around the knee by 
the pedicled vastus medialis perforator flap. J Plast 
Reconstr Aesth Surg. 2012;65(9):1151–7.

 36. Moscatiello F, Masià J, Carrera A, Clavero JA, 
Larrañaga JR, Pons G. The “propeller” distal antero-
medial thigh perforator flap. Anatomic study and 
clinical applications. J Plast Reconstr Aesth Surg. 
2007;60(12):1323–30.

S. Singh et al.



737© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 
M. Sharma (ed.), Knee Arthroplasty, https://doi.org/10.1007/978-981-16-8591-0_52

Multimodal Pain Management 
in Total Knee Arthroplasty

Shalini Sharma, Pooja Goel, 
and Anshuman Mishra

52.1  Introduction

Total knee arthroplasty (TKA) has been proven 
to be a benediction for patients suffering from 
unrelenting pain as well as crippled deformed 
knee arising from osteoarthritis (OA) knee [1]. 
These patients are apprehensive about pain 
encountered in postoperative period. Pain has 
now been considered to be the fifth vital sign [2]. 
With the advancement in technology and implant 
designs, the survival of the TKA patients is 
increasing. As an anesthesiologist, it is our fore-
most duty to give these patients a pain-free envi-
ronment in the perioperative period with a focus 
on multimodal pain management. This chapter 
will be discussing about perioperative pain man-
agement for patients undergoing primary and 
revision knee arthroplasty. Acute pain is the worst 
to manage and if not treated can lead to increased 
recovery time, prolong hospital stay, and in the 
worst scenario chronic pain syndrome.

Knee joint innervation is complex so periop-
erative pain management includes preemptive 
analgesia, intraoperative, and postoperative man-
agement with multimodal regimen as pain cannot 
be managed with one single modality.

Most of the knee arthroplasty is done under 
neuraxial anesthesia (NA) which is the gold stan-
dard, but usage of individual nerve blocks with 

sedation is trending now with good results along 
with local infiltration at knee joint.

Individual nerve blocks like femoral and 
selective saphenous nerve block or adductor 
canal block can be tricky in getting 100% pain- 
free status, so it has to be added with other 
modalities like PCA with opioid and other phar-
macological adjuvants like nonsteroidal anti- 
inflammatory drugs which act on cyclooxygenase 
enzymes, and systemic antiepileptics like GABA 
amino butyric acid analogs like gabapentin and 
pregabalin which have been found to reduce opi-
oid consumption [3].

Local anesthetics are membrane stabilizing 
drugs which act by blocking voltage-gated 
sodium channel and thereby inhibit generation of 
action potential and transmission of pain from 
nerve endings. Many adjuvants are added to local 
anesthetics to prolong their efficacy like opioids, 
clonidine, ketamine, epinephrine, and magne-
sium [4–6].

Clinical anatomy: Knee joint has complex 
innervations, and it follows Hilton law which 
states nerve which supply the muscles at given 
joint, not only innervates muscles but also inner-
vates the joint. Anteriorly, it is supplied by femo-
ral nerve and posteriorly by genicular branch of 
sciatic nerve and some contribution from obtura-
tor nerve. Anterior division of femoral nerve 
gives intermediate and lateral femoral cutaneous 
nerve which supply anteromedial thigh and also 
knee joint. Posterior branch gives saphenous 
nerve [7, 8].
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52.2  Multimodal Analgesia

52.2.1  Preoperative (Preemptive)

Patient needs to be explained about surgical pro-
cedures, related complications, postoperative 
pain, and rehabilitation. Preemptive analgesia is 
considered to reduce perioperative pain. It is 
started preoperatively to reduce central sensitiza-
tion which is caused by incisional and inflamma-
tory injury during surgery and postoperatively. 
Pain stimulus from nociceptors is transmitted to 
dorsal horn of central nervous system. There is 
both peripheral and central response, peripheral 
at level of local tissue damage via mediators like 
substance P, bradykinin, and histamine [9–11].

Preoperative opioids are started a night before 
and have been found to reduce postoperative pain, 
but can lead to side effects like sedation, respiratory 
depression, nausea, vomiting, pruritus, and consti-
pation [3, 12]. Second option is to preoperatively 
start NSAIDs like ibuprofen, diclofenac, and ketor-
olac in patients with preserved renal function.

NSAIDs help in improving pain scores signifi-
cantly and also decrease the requirement of opi-
oids but their use is also guarded because of their 
effects on platelets aggregation, thereby increased 
risk of bleeding, gastric side effects, and postop 
renal impairment. NSAIDs act on cox1 and cox2 
receptors but selective cox2 inhibiters like 
parecoxib and celecoxib given 30–60 min before 
surgery have been found to reduce postoperative 
pain and opioid consumption and at the same 
time avoiding side effects of NSAIDs [13–15]. 
Gabapentin and pregabalin are also started a 
night before and have been found to reduce post-
operative pain [1].

52.2.2  Intraoperative

Multiple anesthesia options are available for get-
ting primary and revision knee arthroplasty like 
general anesthesia (GA), neuraxial (spinal and 
epidural) anesthesia (NA), individual nerve 
blocks (femoral, adductor, IPACK), as well as 
local infiltration. Decision is based on surgeon 
discretion, patient’s consent, and expertise of 

anesthesiologist. We will be discussing about all 
in some details.

52.2.2.1  General Anesthesia
TKA in USA was done preferentially under gen-
eral anesthesia, and pain was managed postoper-
atively with PCA pump using opioids [1]. Its use 
is limited though because of increased risk of 
delayed recovery, postoperative nausea, vomit-
ing, cognitive dysfunction, increased transfusion 
requirements, and increased risk of wound 
infection.

Many systemic reviews and trials have been 
done to compare GA vs RA (regional anesthe-
sia), and it has been found that RA has lower inci-
dence of thromboembolic complications like 
DVT, pulmonary embolism, reduced blood loss 
and transfusion requirements, better pain relief, 
and less pulmonary complications [16, 17].

52.2.2.2  Neuraxial Anesthesia
Neuraxial anesthesia (NA) is preferred anesthe-
sia of choice for all knee arthroplasty with a nor-
mal coagulation status. It is also given in patients 
where GA is contraindicated or has to be avoided 
(like in patients with difficult airway, obesity 
(OSA), poor chest condition). Many studies have 
proven favorable risk profile after NA than GA 
for TKA [18–20]. It includes spinal, epidural, 
and combined spinal epidural anesthesia (CSEA).

In spinal anesthesia (SA), local anesthetic like 
hyperbaric bupivacaine is injected into subarach-
noid space which leads to sensory and motor 
blockade of lower limbs. Only disadvantage with 
this kind of anesthesia is a rare risk of spinal 
hematoma, local infection, nerve injury, and 
sometimes urinary retention. Spinal anesthesia 
needs to be supplemented with either femoral or 
sciatic nerve block to achieve good postoperative 
pain relief. Few adjuvants are added to local 
anesthetic to increase quality of blockade and 
prolong sensory and motor block, like vasocon-
strictors (epinephrine), opioids (morphine, fen-
tanyl), and alpha agonists (clonidine) [6].

Epidural anesthesia (EA) involves giving 
larger volume of local anesthetic like plain bupi-
vacaine into epidural space. The advantage being 
indwelling epidural catheter which can be used 
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for postoperative analgesia with infusion of injec-
tion ropivacaine in dose of 0.2% or injection 
bupivacaine 0.0625–0.125% as patient-controlled 
epidural analgesia (PCEA) or at fixed infusion 
rate with regular titration with intermittent 
boluses. But it also has failure rate [21].

Ropivacaine is dextro isomer of bupivacaine 
which has advantage of less motor blockade and 
safer cardiovascular profile and is preferred for 
postoperative analgesia.

Combined spinal epidural anesthesia com-
bines both of these techniques, advantage being 
titrated dose in subarachnoid space, so less sym-
pathetic blockade with better hemodynamic sta-
bility and intra- and postoperative analgesia is 
maintained with infusion through epidural cath-
eter. To avoid postoperative motor block and bet-
ter physical therapy, peripheral nerve blocks have 
evolved.

52.2.2.3  Peripheral Nerve Blocks
This blocks transmission of impulses at level of 
nerve terminals.

Femoral Nerve Block
Femoral nerve block (FNB) or continuous femo-
ral nerve block technique is effective for post- 
operative pain relief after TKA. Femoral nerve is 
the largest nerve of lumbar plexus. It is formed by 
dorsal division of anterior rami of L2,3,4. This 
block is safer than lumbar plexus block though 
both provide same postoperative analgesia [22]. 
Lumbar plexus block is technically more difficult 
as well as needs more expertise. Femoral nerve 
block is found to provide better analgesia than 
epidural block and PCA (opioids) avoiding its 
systemic side effects too [23, 24]. Chances of 
quadriceps weakness, leading to frequent fall, are 
reported as one of the complications of this block. 
This can hamper with the postoperative ambula-
tion and physical therapy. It can be reduced by 
decreasing dose of local anesthetics or by adding 
adjuvants like opioids (fentanyl).

FNB can be given by nerve stimulator tech-
nique or ultrasound guided. Second option is pre-
ferred as it prevents nerve and vessel injuries, 
better visualization of nerve, and spread of local 
anesthetics.

Technique of FNB: Under all aseptic precau-
tions, transducer is placed at the inguinal crease, 
femoral vessels are identified, and femoral nerve 
is seen as elongated hyperechoic oval-shaped 
structure just lateral to these vessels below fascia 
iliaca. Needle coming from lateral to medial 
direction and 10–20  ml of local anesthetics is 
injected around nerve, and it will be seen displac-
ing the vessels [25]. In continuous femoral block 
technique, catheter is placed close to the nerve 
and ropivacaine 0.2% or bupivacaine 0.25% is 
given as infusion at rate of 5–8 ml/h for postop-
erative pain relief. In nerve stimulator technique, 
stimulator set at density of 0.8–1 mA with fre-
quency of 2 Hz with pulse duration of 0.1 ms and 
needle entered at an angle of 45 degree, local 
anesthetic is injected after negative aspiration as 
soon as a patellar twitch is observed. Many stud-
ies have observed difference between continuous 
femoral and single shot femoral and concluded 
there is no difference in VAS at different points 
but there is overall decrease in opioid consump-
tion in postoperative period in continuous femo-
ral nerve block group [26] (Fig. 52.1).

Adductor Nerve Block
Adductor canal block (ACB) is recent but is con-
sidered to be good for postoperative analgesia as 
a part of multimodal analgesia (MMA). It was 
described by Lund et  al. [27]. This along with 
local infiltration analgesia (LIA) has been found 
to improve VAS as well as early ambulation in 

Fig. 52.1 Demonstrating ultrasound-guided FNB.  The 
red arrow shows the femoral artery and the yellow arrow 
points to the femoral nerve around which the local anes-
thetic is infiltrated
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postoperative period [28]. ACB targets sensory 
branch of femoral nerve (i.e. saphenous nerve as 
well as nerve to vastus medialis) and articular 
branches of obturator nerve in the adductor canal 
and thus avoids blocking branches to quadriceps 
muscle, thereby avoiding side effects of quadri-
ceps weakness as seen in FNB [29–31]. ACB is 
compared to FNB in many randomized control 
trial and results are in favor of ACB as a better 
peripheral nerve block [32–34].

Technique of ACB: Under all aseptic precau-
tions, transducer is placed in middle of thigh with 
leg in abducted and externally rotated position 
and femoral artery is seen deep to sartorius mus-
cle. Needle is placed in a direction anterolateral 
to artery and deep to posterior fascia of sartorius 
and after careful aspiration local anesthetic is 
injected. Adductor canal is a triangular canal 
formed by vastus medialis laterally and adductor 
longus or magnus medially. Saphenous nerve is 
placed at depth of 2–4 cm. Saphenous nerve can 
be blocked at many places, perifemoral, subsarto-
rial (femoral triangle), subsartorial (adductor tri-
angle), and medial malleolus [35]. More volume 
of local anesthetics in subsartorial space can lead 
to motor blockade of vastus medialis in proximal 
approach. So just 5–10 ml volume of local anes-
thetics is good enough for analgesia, as it avoids 
motor blockade (Figs. 52.2 and 52.3).

IPACK (Infiltration Between Popliteal 
Artery and Capsule of Knee Joint)
Sciatic nerve block is considered to be best for 
analgesia of posterior aspect of knee joint but 
side effects of blocking its common peroneal 
nerve branch may lead to unwanted foot drop 
which will interfere with diagnosis of surgical 
common peroneal nerve injury. This can be over-
come either by selective tibial nerve block or by 
IPACK. IPACK is a new block which has come 
into practice since 2014, to be given in space 
between popliteal artery and capsule of knee 
joint [36, 37]. It blocks genicular branches of sci-
atic nerve and articular branches of obturator 
nerve. It helps to manage pain relief on the poste-
rior aspect of knee joint without any motor block-
ade of lower leg.

Technique of IPACK: Under all aseptic pre-
cautions, curvilinear probe is placed above 
medial condyle of knee joint and needle is 
directed from medial to lateral direction between 
popliteal artery and knee capsule and 20  ml of 
0.2% ropivacaine or 0.25% bupivacaine is 
injected. IPACK along with adductor canal block 
as compared to IPACK alone is considered to 
have improved VAS with decreased requirement 
of opioids for knee arthroplasty [38, 39] 
(Fig. 52.4).

Fig. 52.2 Ultrasound-assisted ACB. S Sartorius, VM vas-
tus medialis, AM adductor magnus, red arrow points to 
femoral artery, blue is femoral vein, and yellow shows 
subsartorial canal where saphenous nerve is located

Fig. 52.3 Showing the placement (subcutaneous tunnel-
ing) of catheter for continuous ACB infusion
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Local Infiltration Analgesia (LIA)
LIA is infiltration of local anesthetics at surgical 
sites, is a way easy technique than other regional 
blocks, and found to decrease opioid consump-
tion and postoperative VAS.  First described by 
Kerr and Kohan in Australia in 2008, it combines 
use of local anesthetics, nonsteroidal anti- 
inflammatory drugs, epinephrine, and corticoste-
roids [40]. It is injected in posterior capsule of 
knee joint and suprapatellar, parapatellar areas, 
and gutters [41]. In many centers, commonest 
followed regimen for LIA is Ranawat cocktail, 
i.e., bupivacaine 0.25% (200–400 mg), morphine 
8 mg, antibiotic (cefuroxime 750 mg), epineph-
rine 1:1000 (300 μg), methylprednisolone 40 mg, 
NaCl 0.9% 22 cc [42].

The effect of drugs stays for a shorter time but 
giving repeated injections is not feasible; the 
other option is to keep a catheter inside joint 
space for continuous injections but that is contro-
versial in view of infection. The newer technique 
is to add liposomal bupivacaine, which will pro-
long the effect even up to 72 h [43].

Sciatic Block
The lumbosacral trunk with three sacral nerves 
from sciatic plexus (L4-S3) makes the largest 
peripheral nerve of the body, the sciatic nerve 
which further divides into common peroneal and 
tibial nerve [44]. Different approaches to block 
the sciatic nerve block are transgluteal (labat 
technique), subgluteal, anterior, and popliteal 
[45, 46]. Popliteal sciatic block is used for poste-
rior knee and calf region and is preferred as an 

add on to adductor block after total knee arthro-
plasty. It can be given in both supine, lateral and 
prone position.

Technique of popliteal sciatic block: Probe is 
placed above popliteal crease, where popliteal 
artery can be seen and tibial nerve is seen just 
posterior to popliteal artery and common pero-
neal nerve just lateral to it. Selective tibial nerve 
block is given at this point to cover posterior knee 
and sparing the common peroneal nerve which 
preserves the dorsiflexion of foot to help in post-
operative ambulation. Side effects being nerve 
injury, intravascular injection, local site infec-
tion, and local anesthetic toxicity, which can be 
minimized by using ultrasound-guided visualiza-
tion of nerve. Many studies have proved that pop-
liteal sciatic block with femoral nerve block and 
adductor give better pain relief than either of 
them alone [47, 48] (Fig. 52.5).

52.2.2.4  Drug Adjuvants
Other drugs used commonly are NSAIDs, like 
paracetamol, diclofenac, and ketorolac. Low- dose 
opioids like tramadol can be given in dose of 
25–50 mg. Dexamethasone is long-acting gluco-
corticoids and is potent immunomodulatory drug, 
which is given as routine in dose of single shot of 

Fig. 52.4 Ultrasound-guided IPACK. F, femur; LA, local 
anesthetic; PA, popliteal artery; N, needle direction

Fig. 52.5 Ultrasound-guided popliteal sciatic block. Red 
arrow = popliteal artery, blue arrow = common peroneal 
nerve, yellow arrow = tibial nerve, black arrow = needle
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8 mg intravenously. It has potent anti- inflammatory 
and analgesia effects both intravenous as well as 
adjuvant to peripheral nerve blockade. It also 
decreases the chances of postoperative nausea and 
vomiting and helps in early recovery [3, 49]. Other 
important adjuvant is tranexamic acid which is 
antifibrinolytic drugs which acts by preventing 
plasminogen to plasmin and prevent fibrin degra-
dation and it is used intravenous in dosage of 1 g 
(20 mg/kg) thrice daily or in dose of 2 g intra-artic-
ular helps to reduce risk of bleeding at incision 
site. Many studies have concluded that combined 
use of intravenous and intraarticular tranexamic 
acid in preventing hematoma formation is superior 
to either intravenous or local application alone 
[50]. Magnesium is not a primary analgesic but is 
used as an adjuvant to others and blunts reflexes 
produced by noxious stimuli. It also reduces cen-
tral sensitization [51]. It is used either as infusion 
or as a single dose. A single dose of 1 g intraopera-
tively is found to be effective.

52.2.3  Postoperative Period

Pain in immediate postoperative period hampers 
ambulation and rehabilitation and can lead to 
cognitive dysfunction especially in the geriatric 
population. Multimodal analgesia is given using 
various routes like intravenous, oral route, PCA 
(patient-controlled analgesia), PCEA (patient- 
controlled epidural analgesia), and nerve catheter 
to manage postoperative pain.

Patient-controlled analgesia (PCA): PCA 
means delivering particular amount of drug (opi-
oid or local anesthetics) to the patient as per pain 
score experienced on the press of button through 
a computerized pump which prevents delivery of 
overdose. Different routes of administration 
being intravenous, epidural, peripheral nerve 
catheter, and transdermal [52, 53].

Paracetamol is the safest drug being used rou-
tinely in postoperative period in dose of 1 g thrice 
daily with short-term use of NSAIDs like diclof-
enac 75 mg  twice daily or ketorolac 30 mg twice 
daily.

Opioids like morphine, fentanyl, and tramadol 
are commonly being used both intravenously 

using PCA pump or orally. Side effects like respi-
ratory depression, sedation, postoperative nausea 
vomiting, pruritus, and urinary retention are 
common. Other route commonly being used is 
transdermal fentanyl patch. It avoids use of intra-
venous access and their related side effects.

Gabapentenoids like gabapentin and pregaba-
lin are continued in postoperative period as 
started preoperatively as part of preemptive regi-
men. Role of these in reducing pain is still con-
troversial. Aim of multiple drugs administration 
is to reduce opioid consumption and facilitate 
physical therapy in geriatric TKA patients.

52.3  Summary

Multimodal analgesia is considered best to opti-
mize perioperative pain relief after total knee 
arthroplasty. Role of local infiltration with newer 
peripheral nerve block specifically adductor 
canal block is considered safer and superior to 
neuraxial for postoperative pain management. 
The ultimate goal is to formulate proper anesthe-
sia plan to achieve patient satisfaction, early 
mobilization, adequate physical therapy, and bal-
anced analgesia with reduction in overall usage 
of opioids.

References

 1. Turnbull ZA, et al. Anesthesia for the patient undergo-
ing total knee replacement: current status and future 
prospects. Local Reg Anesthesia. 2017;10:1–7.

 2. American Pain Society Quality of Care Committee. 
Quality improvement guidelines for the treat-
ment of acute pain and cancer pain. JAMA. 
1995;274(23):1874–80.

 3. Donnell OR, Dolan J. Anaesthesia and analgesia for 
knee joint arthroplasty. BJA Educ. 2018;18(1):8e15.

 4. Swain A, Nag DS, Sahu S, Samaddar DP. Adjuvants 
to local anesthetics: current understanding and future 
trends. World J Clin Cases. 2017;5:307–235.

 5. Krishna Prasad GV.  Post-operative analgesia tech-
niques after total knee arthroplasty: a narrative review. 
Saudi J Anaesth. 2020;14:85–90.

 6. Becker DE, Reed KL.  Local anesthetics: review 
of pharmacological considerations. Anesth Prog. 
2012;59(2):90–102.

 7. Gray H, Clemente CD. Anatomy of the human body. 
30th ed. Philadelphia, PA: Lea & Febiger; 1985.

S. Sharma et al.



743

 8. Netter FH.  Atlas of human anatomy. 4th ed. 
Philadelphia, PA: Saunders Elsevier; 2006.

 9. Kissin I.  Pre-emptive analgesia. Anaesthesiology. 
2000;93:1138–43.

 10. Woolf CJ, Chong MS. Preemptive analgesia- treating 
postoperative pain by preventing the establish-
ment of central sensitization. Anesth Analg Aug. 
1993;77(2):362–79.

 11. Mishra AK, Afzal M, Mookerjee SS, Bandyopadhyay 
KH, Paul A. Pre-emptive analgesia: recent trends and 
evidences. Indian J Pain. 2013;27:114–20.

 12. Cheville A, Chen A, Oster G, McGarry L, Narcessian 
E.  A randomized trial of controlled-release oxyco-
done during inpatient rehabilitation following uni-
lateral total knee arthroplasty. J Bone Joint Surg Am. 
2001;83(4):572–6.

 13. Xu J, Li H, Zheng C, et al. The efficacy of pre-emptive 
analgesia on pain management in total knee arthro-
plasty: a mini-review. Arthroplasty. 2019;1:10.

 14. Lin J, Zhang L, Yang H. Perioperative administration 
of selective cyclooxygenase-2 inhibitors for postop-
erative pain management in patients after total knee 
arthroplasty. J Arthroplasty. 2013;28(2):207–13.

 15. Bian YY, Wang LC, Qian WW, et al. Role of parecoxib 
sodium in the multimodal analgesia after total knee 
arthroplasty: a randomized double-blinded controlled 
trial. Orthop Surg. 2018;10:321–7.

 16. Pugely AJ, Martin CT, Gao Y, Mendoza-Lattes S, 
Callaghan JJ.  Differences in short-term complica-
tions between spinal and general anesthesia for pri-
mary total knee arthroplasty. J Bone Joint Surg Am. 
2013;95(3):193–9.

 17. Park YB, Chae WS, Park SH, Yu JS, Lee SG, Yim 
SJ.  Comparison of short-term complications of 
general and spinal anesthesia for primary unilat-
eral total knee arthroplasty. Knee Surg Relat Res. 
2017;29(2):96–103.

 18. Wilson JM, Farley KX, Erens GA, Guild GN 
III.  General vs spinal anesthesia for revision total 
knee arthroplasty: do complication rates differ? J 
Arthroplast. 2019;34(7):1417–22.

 19. Stundner O, Chiu Y-L, Sun X, et  al. Comparative 
perioperative outcomes associated with neuraxial 
versus general anesthesia for simultaneous bilat-
eral total knee arthroplasty. Reg Anesth Pain Med. 
2012;37(6):638–44.

 20. Memtsoudis SG, Sun X, Chiu Y-L, et al. Perioperative 
comparative effectiveness of anesthetic tech-
nique in orthopedic patients. Anesthesiology. 
2013;118(5):1046–58.

 21. Fettes P, Jansson JR, Wildsmith J. Failed spinal anes-
thesia: mechanisms, management, and prevention. Br 
J Anesth. 2009;102(6):739–48.

 22. Kaloul I, Guay J, Côté C, Fallaha M. The posterior 
lumbar plexus (psoas compartment) block and the 
three-in-one femoral nerve block provide similar 
postoperative analgesia after total knee replacement. 
Can J Anaesth. 2004;51(1):45–51.

 23. Fowler SJ, Symons J, Sabato S, et al. Epidural anal-
gesia compared with peripheral nerve blockade 

after major knee surgery: a systematic review and 
meta-analysis of randomized trials. Br J Anaesth. 
2008;100:154–64.

 24. Singelyn FJ, Deyaert M, Joris D, et al. Effects of intra-
venous patient-controlled analgesia with morphine, 
continuous epidural analgesia, and continuous three- 
in- one block on postoperative pain and knee rehabili-
tation after unilateral total knee arthroplasty. Anesth 
Analg. 1998;87(1):88–92.

 25. Nagel EM, Gantioque R, Taira T.  Utilizing 
ultrasound- guided femoral nerve blocks and fascia 
iliaca compartment blocks for proximal femur frac-
tures in the emergency department. Adv Emerg Nurs 
J. 2019;41(2):135–44.

 26. Ma HH, Chou TFA, Tsai SW, et al. The efficacy of 
continuous versus single-injection femoral nerve 
block in Total knee Arthroplasty: a systematic review 
and meta-analysis. BMC Musculoskelet Disord. 
2020;21:121.

 27. Lund J, Jenstrup MT, Jaeger P, et  al. Continuous 
adductor-canal-blockade for adjuvant post- operative 
analgesia after major knee surgery: preliminary 
results. Acta Anaesthesiol Scand. 2011;55(1):14–9.

 28. Perlas A, Kirkham KR, Billing R, Tse C, Brull R, 
Gandhi R, Chan VW. The impact of analgesic modal-
ity on early ambulation following total knee arthro-
plasty. Reg Anesth Pain Med. 2013;38:334–9.

 29. Koh IJ, Choi YJ, Kim MS, Koh HJ, Kang MS, In 
Y. Femoral nerve block versus adductor canal block 
for analgesia after total knee arthroplasty. Knee Surg 
Relat Res. 2017;29(2):87–95.

 30. Horn JL, Pitsch T, Salinas F, et al. Anatomic basis to 
the ultrasound-guided approach for saphenous nerve 
blockade. Reg Anesth Pain Med. 2009;34(5):486–9.

 31. Kapoor R, Adhikary SD, Siefring C, et al. The saphe-
nous nerve and its relationship to the nerve to the 
vastus medialis in and around the adductor canal: 
an anatomical study. Acta Anaesthesiol Scand. 
2012;56(3):365–7.

 32. Kim DH, Lin Y, Goytizolo EA, Kahn RL, Maalouf 
DB, Manohar A, Patt ML, Goon AK, Lee Y, Ma Y, 
Ya Deau JT.  Adductor canal block versus femoral 
nerve block for total knee arthroplasty: a prospec-
tive randomized controlled trial. Anesthesiology. 
2014;120(3):540–50.

 33. Munin MC, Rudy TE, Andersen HL, Gyrn J, Møller 
L, Christensen B, Zaric D.  Continuous saphenous 
nerve block as supplement to single dose local infil-
tration analgesia for postoperative pain management 
after total knee arthroplasty. Reg Anesth Pain Med. 
2013;38(2):106–11.

 34. Mudumbai SC, Kim TE, Howard SK, Workman JJ, 
Giori N, Woolson S, Ganaway T, King R, Mariano 
ER.  Continuous adductor canal blocks are superior 
to continuous femoral nerve blocks in promoting 
early ambulation after TKA. Clin Orthop Relat Res. 
2014;472(5):1377–83.

 35. Benzon HT, Sharma S, Calimaran A. Comparison of 
the different approaches to saphenous nerve block. 
Anesthesiology. 2005;102(3):633–8.

52 Multimodal Pain Management in Total Knee Arthroplasty



744

 36. Elliott CE, Thobani S.  The adductor canal catheter 
and interspace between the popliteal artery and pos-
terior capsule of knee for total knee arthroplasty. Tech 
Reg Anesth Pain Manag. 2014;18:126–9.

 37. Thobhani S, Scalercio L, Elliott CE, et  al. Novel 
regional techniques for total knee arthroplasty pro-
mote reduced length of stay: an analysis of 106 
patients. Ochsner J. 2017;17:233–8.

 38. Scimia P, Giordano C, Ricci EB, et al. The ultrasound- 
guided iPACK block with continuous adductor canal 
block for total knee arthroplasty. Anaesth Rep. 
2017;5:74–8.

 39. Kim DH, Beathe JC, Lin Y, YaDeau JT, Maalouf DB, 
Goytizolo E, Garnett C, Ranawat AS, Su EP, Mayman 
DJ, Memtsoudis SG. Addition of infiltration between 
the popliteal artery and the capsule of the posterior 
knee and adductor canal block to periarticular injec-
tion enhances postoperative pain control in total knee 
arthroplasty: a randomized controlled trial. Anesth 
Analg. 2019;129(2):526–35.

 40. Kerr DR, Kohan L.  Local infiltration analgesia: a 
technique for the control of acute postoperative pain 
following knee and hip surgery: a case study of 325 
patients. Acta Orthop. 2008;79(2):174–83.

 41. Keijsers R, van Delft R, van den Bekerom MP, de 
Vires DC, Brohet RM, Nolte PA.  Local infiltration 
analgesia following total knee arthroplasty: effect on 
post-1956-63. operative pain and opioid consump-
tion—a meta-analysis. Knee Surg Sports Traumatol 
Arthrosc. 2015;23(7):1956–63.

 42. Maheshwari AV, Blum YC, Shekhar L, Ranawat AS, 
Ranawat CS. Multimodal pain management after total 
hip and knee arthroplasty at the Ranawat Orthopaedic 
Center. Clin Orthop Relat Res. 2009;467(6):1418–23.

 43. Heim EA, Grier AJ, Butler RJ, Bushmiaer M, Queen 
RM, Barnes CL.  Use of liposomal bupivacaine 
instead of an epidural can improve outcomes fol-
lowing total knee arthroplasty. J Surg Orthop Adv. 
2015;24(4):230–4.

 44. Moore KL, Dalley AF, Agur AMR. Clinically oriented 
anatomy. 8th ed. Philadelphia, PA: Wolters Lluwer; 
2018.

 45. Johnston DF, Sondekoppam RV, Uppal V, Howard 
JL, Ganapathy S.  Hybrid blocks for total knee 
arthroplasty: a technical description. Clin J Pain. 
2018;34(3):222–30.

 46. Nwawka OK, Meyer R, Miller TT. Ultrasound-guided 
subgluteal sciatic nerve perineural injection: report on 
safety and efficacy at a single institution. J Ultrasound 
Med. 2017;36(11):2319–24.

 47. Zorrila-Vaca A, Li J. The role of sciatic nerve block to 
complement femoral nerve block in total knee arthro-
plasty: a meta –analysis of randomized controlled tri-
als. J Anesth. 2018;32(3):341–50.

 48. Seo JH, Seo SS, Kim DH, Park BY, Park CH, 
Kim OG.  Does combination therapy of popli-
teal sciatic nerve block and adductor canal block 
effectively control early postoperative pain after 
total knee arthroplasty? Knee Surg Relat Res. 
2017;29(4):276–81.

 49. Smith C, Erasmus PJ, Myburgh KH.  Endocrine 
and immune effects of dexamethasone in uni-
lateral total knee replacement. J Int Med Res. 
2006;34(6):603–11.

 50. Mi B, Liu G, Lv H, Liu Y, Zha K, Wu Q, Liu J.  Is 
combined use of intravenous and intraarticular 
tranexamic acid superior to intravenous or intraarticu-
lar tranexamic acid alone in total knee arthroplasty? 
A meta analysis of randomized controlled trials. J 
Orthop Surg Res. 2017;12(1):61.

 51. Do SH. Magnesium: a versatile drug for anesthesiolo-
gists. Korean J Anesthesiol. 2013;65(1):4–8.

 52. McNicol ED, Ferguson MC, Hudcova J. Patient con-
trolled opioid analgesia versus non-patient controlled 
opioid analgesia for postoperative pain. Cochrane 
Database Syst Rev. 2015;6:CD003348.

 53. Pastino A, Lakra A.  Patient controlled analgesia. 
(Updated 2021 Mar 4). StatPearls (Internet).

S. Sharma et al.



745© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 
M. Sharma (ed.), Knee Arthroplasty, https://doi.org/10.1007/978-981-16-8591-0_53

Deep Vein Thrombosis: 
Prophylaxis and Management
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53.1  Introduction

Total knee arthroplasty, be it primary or revision 
one, is an extremely successful intervention to 
improve the quality of life and has earned the 
reputation of being one of the most sought-after 
surgical procedures. In 2002, 381,000 primary 
total knee and 35,000 revision arthroplasties 
were performed [1]. According to a recent study, 
it is projected to reach, in 2020, 2025, 2030, and 
2040 (in thousands), 1065 (937, 1211), 1272 
(1200, 1710), 1921 (1530, 2410), and 3416 
(2459, 4745), respectively. That is a staggering 
increase in the number of cases in the range of 
56%, 110%, 182%, and 401%, respectively [2].

Despite the advancement of the procedural 
success, the number of VTED (Venous Thrombo 
Embolic Disorder) is at an extremely high value 
of 85%, in the absence of adequate prophylaxis 
[3]. So it is imperative that all the patients under-
going the intervention receive sufficient amount 
of thromboprophylaxis, more so in high-risk 
patients. Even after multiple studies, the jury is 
still out regarding the ideal prophylaxis regimen. 
Ease of use, patient compliance, and cost with the 
perfect balance between safety and efficacy 
remain a mystery [4]. A recent study shows that 
the proportion of VTED decreases by 50% (in 
Asian population), with a single intervention of 

mechanical devices, even in the absence of phar-
macological interventions [5].

The focus of this chapter is to help the reader 
meander through the maze of recommendations 
so that they reach an effective conclusion regard-
ing the best possible modality for prevention of 
VTED, where the first presentation could be life- 
threatening PE (pulmonary embolism).We also 
highlight alteration in prophylaxis if warranted, 
duration of therapy, influence of regional anes-
thesia, and the LHS (length of hospital stay) 
based on the prophylaxis.

53.2  Pathogenesis

A total knee arthroplasty is a potent stimulus for 
development of VTED.  Approximately 90% of 
the thrombus is formed in distal veins. They are 
smaller in size, are clinically asymptomatic, have 
low risk of embolizing, or cause chronic venous 
insufficiency. However, if left unchecked they 
can propagate proximally, leading to PE [6–9]. In 
a study of 273 patients undergoing total hip and 
knee arthroplasty, 41 (15%) developed distal 
deep vein thrombus, though asymptomatic [8]. 
By 14th day, 7 (17%) of these 41 patients had 
evidence of proximal propagation of thrombus, 
as shown by serial duplex ultrasonography. The 
origin of thrombus is due to the Virchow’s triad 
of venous stasis, hypercoagulability, and endo-
thelial injury that occurs during perioperative 
period, initiated by the surgical stimuli. Venous 
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stasis could be secondary to localized periopera-
tive pathology, positioning during surgery and 
diminished activity following surgery. This is 
compounded by associated pain due to ineffec-
tive analgesia and hence inadequate physiother-
apy. The use of tourniquet while operating and 
the flexed and subluxated position add to the 
insult. It has been shown that the diminished flow 
persists for quite some time in the operated knee 
[10]. Clotting factors like tissue thromboplastin 
released during the course of surgical procedure 
can accumulate due to venous stasis. Multiple 
markers of thrombin generation like prothrom-
bin, thrombin–antithrombin complex, fibrino-
peptide A, and D-dimer were greater after the 
release of tourniquet [11]. Manipulation of femo-
ral canal during total knee arthroplasty probably 
causes thrombogenic stimulation [12]. The 
decreased role of intramedullary guide rods for 
preparation of femoral canal, in computer navi-
gation, may further decrease thrombogenesis. 
Injury to the endothelium can occur secondary to 

position and manipulation of the extremities, 
along with thermal injury from bone cement [12–
14]. Damaged endothelium initiates the activa-
tion of tissue factor and other clotting factors 
(Fig. 53.1) [15, 16]. Surgical blood loss leads to 
reduction of antithrombin III (ATIII) and inhibi-
tion of the endogenous fibrinolytic system, lead-
ing to hypercoagulable state and thrombus 
propagation [13, 17–20].

53.3  Epidemiology

Patients undergoing joint replacement surgery 
have an elevated and independent risk for devel-
opment of VTED. Without routine prophylaxis, 
DVT (deep vein thrombosis) can develop in 
45–85% of joint replacement patients. Proximal 
clots develop in 5–22% of total knee replacement 
patients [2], while fatal PE developed in 0.1–
1.7% patients [21–23]. VTED after a total joint 
arthroplasty adds to the burden of patient care 
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and prolongs the LHS (length of hospital stay). In 
a review of 24,059 knee arthroplasty patients 
from 1991 to 1993, symptomatic DVT was seen 
in 2.1% (508 patients) [24]. The diagnosis for 
VTED was seen in 47% patients, with a median 
time of diagnosis around 7 days. High-risk 
patients with lack or mutation of clotting factors 
can develop symptomatic thromboembolism. But 
due to the very less prevalence of hereditary 
 deficiency syndromes, routine test is not 
recommended.

53.4  Prophylaxis Following Total 
Knee Arthroplasty

More number of primary total knee arthroplasty 
patients develop VTED, but thankfully most are 
asymptomatic. The knee joints due to a lack of 
potential space have very less risk of venous sta-
sis and clot formation, and the clots that form are 
usually distal in location in the calf, but they still 
can propagate if not managed properly. Surgeons 
also want to start on a prophylaxis with less 
chance of bleeding and better titrability. Here 
again the balance between safety and efficacy 
takes precedence.

But the revision total knee arthroplasty is a 
different ball game altogether, as most patients 
are older and have significantly more comorbidi-
ties, and it involves more blood loss. But the data 
of the same are lacking [25]. It is currently rec-
ommended to continue thromboprophylaxis for 
at least 2 weeks in the absence of other risk fac-
tors, in revision arthroplasty too.

53.5  Mechanical Methods

Pneumatic compression boots (PCB) and venous 
plantar compression devices (VPC) have been 
used by default in all cases of arthroplasty, be it 
primary or revision ones, and have proven benefi-
cial. Being well tolerated, inexpensive, no moni-
toring of bleeding indices, and no chance of 
bleeding, they have become the first-line treat-
ment for VTDE.  The biggest drawback is non- 
continuation beyond healthcare facility, and a 

lack of compliance in home care regimen has 
decreased their role. They are well tolerated and 
recommended in all patients and especially ones 
with multiple comorbidities, and may be the only 
intervention recommended in some patients.

53.5.1  Pneumatic Compression 
Boots

PCBs enhance the venous blood flow in the lower 
extremities increasing endogenous fibrinolytic 
activity at the location by releasing endothelium- 
derived relaxing factors and inhibition of platelet 
aggregation [26, 27].

In a study by Paiement, comparing PCBs (66 
patients) to warfarin (72 patients) after total hip 
replacement, the rate of DVT was the same; only 
the location was different [28]. PCBs prevent dis-
tal DVT more as compared to warfarin which pre-
vents proximal DVT better. More studies are 
necessary to recommend these as the only means 
of prophylaxis; nevertheless, the PCBs do help in 
prevention of VTED in cases of knee arthroplasty.

53.5.2  Venous Plantar Compression

VPCs mimic the blood flow, as happens during 
normal walking. They involve compression of 
foot arch and emptying of the venous system. It is 
a proven system with incredible velocity and vol-
ume of blood flow achieved. This leads to release 
of urokinase and tissue plasminogen activator 
TPA, from venous endothelium. Being smaller in 
size they are better tolerated. In a study compar-
ing VPCs with a LMWH (Fraxiparin), 3 patients 
developed distal DVT out of 100 in VPCs com-
pared to 6 patients in LMWH group of 100, with 
2, being proximal [14]. Mechanical devices alone 
cannot prevent thromboembolic phenomenon. 
Two recent studies found that combination of 
mechanical devices actually reduces the venous 
velocity [29, 30]. So more studies are necessary 
to recommend these as the only means. 
Nevertheless, these devices act synergistically 
with the pharmacological intervention in preven-
tion of VTED.
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53.6  Pharmacological Methods 
(Fig. 53.1)

53.6.1  Low-Molecular-Weight 
Heparin

The LMWHs have to be a better modality for pre-
vention of asymptomatic distal thrombus forma-
tion compared to warfarin, post-total knee 
arthroplasty, both in primary and in revision ones. 
Out of the five multicenter RCTs, comparing dis-
tal DVT in warfarin versus LMWH, reported that 
in the LMWH group one-third of population had 
distal DVT, compared to half the population in 
the warfarin group [31–36], while the proximal 
ones were more common in the warfarin group at 
10% vs 7% in LMWH, at the cost of clinically 
significant chance of bleeding in LMWH at 2.1% 
vs 1.2%.

53.6.2  Warfarin

This coumarin derivative has been used for more 
than three decades as antithrombotic agent and has 
been proven successful as a worthy prophylaxis. 
The ease of oral use, cheap price, and universal 
availability add to the benefits. The biggest grouse 
with warfarin is the repeated blood  investigations 
that need to be done to achieve the target value of 
INR of 2 (range 1.5–2.5). So even though warfarin 
may not be as effective in the prevention of DVT, 
it has far lesser chance of bleeding.

53.6.3  Aspirin

One of the oldest chemical agents known to 
humans has been used as an agent of thrombo-
prophylaxis, based on its ability to prevent aggre-
gation of platelets, and hence even if the platelet 
quantitatively remains the same, there is qualita-
tive disruption. In three studies comparing aspi-
rin with mechanical devices, no further benefit 
was obtained with only the aspirin group [37–39]. 
It does reduce the risk of DVT in general, but not 
better than mechanical devices or any 
chemoprophylaxis.

53.6.4  Fondaparinux

Following a study involving 957 patients of pri-
mary and 77 of revision total knee arthroplasty, 
where it was administered, 6 h after the proce-
dure, and enoxaparin the next morning, the 
overall rate of DVT was less in fondaparinux at 
12.5% (45 of 361 patients) versus 27.8% (101 of 
363 patients), but there was major bleeding in 
11 cases in the fondaparinux group vs 1 case in 
the enoxaparin group. Maybe the first dose 
needs to be timed better for preventing the 
bleeding complications. Recently, it has been 
approved by the FDA for use in total knee 
arthroplasty.

53.6.5  Newer Agents

53.6.5.1  Rivaroxaban
Rivaroxaban is an orally administered factor Xa 
inhibitor, with maximum effect within 1–4  h, 
with a half-life (t1/2) of 5–9 h. The recent guide-
lines recommend a gap of at least 3 days before 
regional anesthesia (RA) and at least 6 h gap after 
the procedure and first dose. It does not have any 
antidote.

53.6.5.2  Apaxiban
Apaxiban is an orally administered reversible 
factor Xa inhibitor, t1/2 of 10–15  h. 
Recommendation is to delay deep blocks/neur-
axial interventions for at least 3–5 days, and the 
next dose 6 h after the procedure as per the ASRA 
guidelines.

53.6.5.3  Dabigatran
Dabigatran is an oral thrombin inhibitor with 
similar efficacy to LMWH and warfarin, with 
lesser chances of bleeding. It has been widely 
used in patients of atrial fibrillation, now with 
lesser total dosing. Dose needs to be decreased in 
poor renal clearance.

Recommendations suggest waiting 4–5 days 
(5  – T1/2) from last administration before per-
forming RA, 6 h to initiate medication post-RA, 
and 6 h between the removal of neuraxial catheter 
and the next dose.

A. Mishra et al.
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53.7  Influence of Anesthesia 
on the Rate of Thrombosis

Regional anesthesia (RA) has boomed and is the 
anesthesia of choice [40], in all patients who 
need total knee arthroplasty. The simple fact that 
it does not affect the mentation of these patients, 
and the pain relief can be extended for a pro-
longed duration, helping in postprocedural phys-
iotherapy. This is the primary modality of 
anesthesia and analgesia. Very few patients are 
recommended to be taken up for procedure under 
general anesthesia, where it is technically diffi-
cult to access the epidural/subarachnoid space or 
the patients deny RA.

The biggest problem with the use of the epi-
dural catheter is that the chances of epidural 
hematoma increase manifold with the concurrent 
use of LMWH, unless it is timed precisely. To 
circumvent this, the American Society of 
Anesthesiologists has laid down some guidelines 
to be strictly followed (Table 53.1) [41]. LMWHs 
are used usually as single dose or double dose per 
day dosing.

In twice a day dosing, the first dose can be 
started at least 24 h postoperatively, with at least 
2  h gap after epidural catheter removal, if it is 
being used for pain relief. If used on a single- 
dose schedule, LMWH can be started 6–8 h after 
surgery on the same day and catheter can be 
maintained. The catheter can be removed 12  h 
after the last dose and the next dose given after a 
gap of at least 2–4 h. When on warfarin, the INR 
should be checked prior to placing and removal 
of epidural catheter, which should be less than 
1.5 (<1.5).

53.8  Duration 
of Thromboprophylaxis

The duration of thromboprophylaxis is not 
clearly delineated, for arthroplasty. The initiation 
of clot formation is in the pre-operative period 
which is further stimulated by the surgical stim-
uli. The temporal duration of clot formation as 
shown by deep vein venography shows to be 

Table 53.1 Guidelines for drug administration to mini-
mize hematoma formation

Anticoagulant

Recommendations to minimize 
risk of hematoma following 
regional analgesic/anesthetic 
procedures
Safe gap for 
intervention

Anticoagulant 
type

Injectable
Enoxaparin 
(Lovenox) QD 
prophylaxis (0.5 mg/
kg) (40 mg daily)

12 h LMWH 
anti-Xa

Enoxaparin 
(Lovenox) BID 
prophylaxis (0.5 mg/
kg) (30 mg BID)

12 h LMWH 
anti-Xa

Enoxaparin BID 
therapeutic dose 
(>0.5 mg/kg)

24 h LMWH 
anti-Xa

Eptifibatide 
(Intergrilin)

8 h Glycoprotein 
Iib/Illa 
inhibitor

Fondaparinux 
(Arixtra)

3–4 days Anti-Xa 
through 
binding to 
antithrombin 
III

Oral
Warfarin 
(Coumadin)

INR < 1.5, 
4–5 days

Vitamin 
K-dependent 
factor 
inhibition

Aspirin None Antiplatelet
Clopidogrel (Plavix) 5–7 days Irreversible 

platelet 
aggregation 
inhibitor

Ticlopidine (Tidlid) 14 days Irreversible 
platelet 
aggregation 
inhibitor

Prasugrel (Effient) 7–10 days Irreversible 
platelet 
aggregation 
inhibitor

Ticagrelor (Brilinta) 5–7 days ADP 
reversible 
receptor 
blocker

Dabigatran 
(Pradaxa)

4–5 days Thrombi (II) 
inhibitor (oral)

Rivaroxaban 
(Xarelto)

3 days Anti-Xa

Apixaban(Eliquis) 3–5 days Anti-Xa
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around 7 days in knee arthroplasty and 17 days in 
hip arthroplasty, warranting different duration of 
thromboprophylaxis in the different subset, with 
a downside of increased bleeding tendency due to 
the prolonged duration of therapy.

In a meta-analysis of (3999 patients), to 
study the extended duration prophylaxis with 
either unfractionated or low-molecular-weight 
heparin in patients of joint arthroplasty [42], 
persons who had a prolonged duration of cover-
age post- discharge (30–42 days) had a signifi-
cant decrease in the asymptomatic DVT (9.6% 
vs. 19.6%, odds ratio 0.48, confidence interval 
0.36–0.63). But this was more pronounced in 
hip arthroplasty patients than knee arthroplasty 
patients.

With oral anticoagulant, it is usually recom-
mended to continue the therapy in home care 
environment. In most patients, the target INR is 
achieved only by the third postoperative day. Ten 
to fourteen days of therapy is usually recom-
mended based on multiple cohort study and ran-
domized trials [2, 43–47]. In a randomized trial, 
5.1% (9 of 176) of patients developed VTED in 
hospital duration, compared to 0.5% (1 of 184) in 
extended duration prophylaxis. But the extended 
duration of thromboprophylaxis is recommended 
in patients with multiple comorbidities like 
 previous/family history of the same, thrombo-
philia, limited mobilization, obesity, and cancer.

53.9  Screening Considerations

A number of modalities have been tried for effec-
tive screening like contrast venography, venous 
ultrasound, I-fibrinogen scanning, MRI, and 
impedance plethysmography to be used for early 
detection of thrombus [48–51]. To be an effective 
modality, it must be cost-effective, safe, accurate, 
and reproducible, but cannot be recommended as 
none is foolproof. The contrast venography is the 
gold standard, but has its limitations of cost, mor-
bidity, hypersensitivity, and secondary thrombus 
formation. The venous ultrasound is the current 
recommendation of a screening test, but it has its 
own issue of not being able to clearly describe the 

thrombus in asymptomatic patients as it is very 
much operator dependent (Fig. 53.2). Screening 
is not recommended after total hip or knee arthro-
plasty as it is safer and cost-effective to have an 
extended prophylaxis after discharge.

53.10  High-Risk Patients

In patients who are at a higher risk of developing 
VTED, like past or family history, obesity, throm-
bophilia, limited mobility/bedridden, and cancer, 
it is prudent to start the extended duration of 
thromboprophylaxis for at least 6 weeks. But it is 
necessary to do a pre-operative duplex scanning 
to rule out or demarcate and document the exten-
sion of the thrombus. If warfarin is to be used for 
postoperative prophylaxis, it is better to start 
“bridge therapy” in combination with LMWH, 
till INR reaches the value of 2.

53.11  Recommendations

All the patients undergoing arthroplasty surgery 
are at a significantly higher risk of development 
of VTED and definitely benefit from 
prophylaxis.

An ideal prophylaxis regimen is difficult to 
set, but a balance between efficacy and risk of 
bleeding helps in deciding about the regimen/
medicine to be used. The prophylaxis should be 
tailor-made, based on the risk stratification of an 
individual patient.

LMWH, warfarin, and fondaparinux all can be 
used along with intermittent pneumatic compres-
sion devices, to decrease the incidence of VTDE.

Ideal duration of prophylaxis is difficult to 
recommend and it is prudent to go in for tailor- 
made ones, suiting the individual patient, that the 
surgeon can recommend. Extended prophylaxis 
of 10–14 days is recommended more in hip than 
knee arthroplasty. Routine screening is not rec-
ommended in the absence of risk factors. In revi-
sion arthroplasty, this extended duration is 
sufficient, unless associated with other risk fac-
tors or decreased mobility.
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53.12  Management

VTED (venous thromboembolic disease) encom-
passes the spectrum of presentation like DVT 
(deep vein thrombosis) and also PE (pulmonary 
embolism). We still do not know why some 
thrombi embolize, while others do not. Post-total 
knee arthroplasty, the thrombus usually develops 
in distal veins vs proximal origin as in hip arthro-
plasty. Prevention remains the most conclusive 
way of managing VTED, and is recommended 
[52]. The proximal ones are more responsive to 
pharmacological agents unlike distal ones, which 

are responsive to both mechanical and pharmaco-
logical ones.

Usually the presentation is asymptomatic, so a 
very high level of clinical suspicion is necessary. 
DVT usually presents with pain, swelling, and 
redness of the extremities. PE presents with dys-
pnea, tachypnoea, and chest pain. None of the 
usual diagnostic modalities can diagnose the 
case. Figure 53.3 depicts a stepwise diagnosis of 
PE [53].

The management of symptomatic DVT/PE 
involves a multidisciplinary team approach for 
better patient outcomes. This may involve the 
use of already enumerated chemoprophylaxis 

Clinical suspicion for DVT

Determine pretest probability

Low Intermediate or high

Perform D-dimer assay

Perform D-dimer assayDVT excluded

DVT excluded

DVT excluded

DVT confirmed

DVT confirmed

Negative Negative Positive

Negative Positive

DVT excluded DVT confirmed

Negative Positive

Negative Positive

Negative
not available

Perform compression ultrasonography

Perform compression
ultrasonography

Repeat compression ultra-
sonography in one week

Fig. 53.2 Flowchart showing the pathway to diagnosing DVT
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multidetector CT and positive D-dimar assay results.
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Fig. 53.3 Flowchart depicting a stepwise diagnosis of PE
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agents, thrombolytics to dissolve the clots, surgi-
cal thrombectomy/embolectomy, and even the 
placement of IVC filters in high-risk or repeat 
cases.

53.13  Summary

VTED is the most dreaded complication of both 
primary and revision knee arthroplasty. Routine 
screening is required only in high-risk cases. 
Early prophylaxis using aspirin and LMWH is 
recommended for all arthroplasty patients. 
Multidisciplinary approach in the early diagnosis 
and treatment of DVT and PE has improved 
patient outcomes. An ideal prophylaxis regimen 
is still controversial.
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Optimal Rehabilitation After Total 
Knee Arthroplasty

Nikhil Gupta

54.1  Introduction

There are several reasons or conditions where 
total knee joint arthroplasty (TKA) is indicated 
but the most common condition where this is a 
gold standard treatment is in advanced or end- 
stage osteoarthritis [1]. TKA has a high success 
rate [2]. The main indication for TKA is to sig-
nificantly reduce pain and to improve mobility, 
function, and quality of life [3]. A systematic 
review by Henderson and colleagues found that 
pain, activity, and range of movement improved 
with active physiotherapy input after TKA in the 
hospital [4]. Patient who is considering to 
undergo knee replacement surgery should get an 
opportunity to attend a pre-surgery assessment 
clinic where he/she will get to see different medi-
cal professionals involved in the process to have 
the whole procedure—the benefits, recovery 
time, and potential risks—explained to him in 
detail [5].

Exercise therapy is a straightforward interven-
tion to alleviate these persistent functional limita-
tions and enhance TKR outcome [6]. A 
physiotherapist after assessment should give the 
patient home exercises to prepare the muscles 
around the knee joint which due to prolonged 
knee pain are likely to be weaker. This will assist 
quicker recovery following the surgery. Exercises 
after TKA should be performed with high inten-

sity and target the operated leg specifically [7]. 
This should be done under the supervision of a 
physiotherapist.

Physiotherapist should always check with the 
operating surgeon for any precautions and con-
traindications as each patient differs with regard 
to their past medical history and bone condition. 
Rehabilitation, under the supervision of a quali-
fied physiotherapist, is a crucial stage of the pro-
cess. A systematic review carried out by 
Masaracchio and colleagues concluded that early 
initiation of rehabilitation is linked with shorter 
hospital stay, low overall cost with no adverse 
effects [8].

54.2  Rapid Rehabilitation

Rehabilitation could start as early as on the day 
of surgery known as POD 0 (postoperative day 0) 
depending upon how a patient is feeling. This is 
also known as rapid rehabilitation (RR). 
Rehabilitation following (TKA) is vital but 
guidelines and protocols vary considerably 
between institutions, which often leave therapy 
regimens to the discretion of the therapist [9]. 
Based on the findings of the literature mentioned 
above, this chapter focuses on the early or rapid 
rehabilitation after TKA.  A physiotherapist 
should visit the patient on the same afternoon or 
the following morning after the surgery depend-
ing upon the time of the day surgery was 
performed.
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POD 0 Physiotherapist will show the bed mobil-
ity exercises with appropriate assistance, which 
include rolling to either side, sliding up and 
down, and moving from the supine position to the 
sitting position. The main goal with RR is to 
achieve mobilization of 10  ft with appropriate 
assistance and a wheeled Zimmer frame.

POD 1&2 Physiotherapist should continue with 
exercises to build up strength, improve circula-
tion, and improve range of movement in the new 
knee and to reduce stiffness. Continue with walk-
ing. Following exercises should be performed 
initially under the supervision of a physiothera-
pist and then independently four times per day. 
The physiotherapist should determine the num-
ber of repetitions of each exercise based on the 
patient’s condition. The aim of rapid rehabilita-
tion is to get the patient home within 2–4 days but 
this could vary depending upon individual 
patient’s condition.

POD 3 Assessment on elbow crutches or walk-
ing sticks could be commenced based on patients’ 
condition. Stairs assessment could be done too in 
view to prepare for discharge home.

As mentioned above, therapy regimen is the 
discretion of the therapist and usually varies from 
therapist to therapist. Following exercises are 
recommended to help regain strength, range of 
movement, and function after the surgery. Writer 
has been photographed in the exercises shown 
below to make it easier to understand and follow 
the exercise technique. Patient should aim to do 
these exercises four times per day or as instructed 
by their physiotherapist.

 1. Ankle Pumps: Move or pull the ankle for-
wards and backwards and in circles to pro-
mote blood circulation in the legs. This will 
reduce the risk of blood clots (Fig. 54.1a).

 2. Isometric Quads: With toes pointing towards 
ceiling, press the back of the knee downwards 

against the bed to tighten the front muscles of 
the thigh (Fig.  54.1b). Hold the contraction 
for 5  s, repeat ten times. If the knee is not 
quite straight, then the exercise could be done 
with a rolled towel under the ankle (Fig. 54.1c).

 3. Knee Flexion: Bend and straighten the knee 
up and down as shown (Fig.  54.1d). Repeat 
ten times two sets.

 4. Inner Range Quads: Place a thick rolled towel 
under the knee, with the toes pointing towards 
the ceiling lift heel off the bed while straight-
ening the knee (Fig. 54.1e). Hold for up to 5 s 
and then relax. Repeat ten times.

 5. Knee Flexion in Sitting: Slide the foot back-
wards and forwards so as to allow flexion and 
extension of the operated knee (Fig. 54.1f, g). 
Do two sets of ten.

 6. Through Range Quads: As shown, in sitting 
pull the toes backwards and straighten the 
knee (Fig. 54.1h). Hold for up to 5 s. Repeat 
ten times.

 7. Stretch: In sitting or in supine lying, rest the 
ankle on a stool/chair or a rolled-up towel 
(Fig. 54.1i). Let gravity pull the knee down-
wards and sit in this position for up to 10 min 
or as tolerated.

 8. Hamstrings: Holding on to some solid object 
like the back of a chair, bend the knee to bring 
heel close to buttocks (Fig. 54.1j). Hold for up 
to 5 s. Repeat ten times.

54.3  Pain Management

The level of pain experienced by patients after 
TKA varies from mild to severe. But patient 
should expect some degree of pain. Patients 
should let the nursing staff or other health profes-
sionals looking after them know about their pain. 
Pain could be managed with use of range of pain 
relief medications in discussions with the sur-
geon and the anaesthetist. Pain relief is also 
important to allow patients to carry out their exer-
cise programme.
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Fig. 54.1 Exercises post TKA
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54.4  Continued Rehabilitation

54.4.1  Getting in and out of Bed

The nursing staff and the physiotherapist will 
show and practice bed transfers whilst still in 
hospital. Patient should practise getting in and 
out of bed on the same side as at home.

54.4.2  Standing up and Sitting down

Standing up
When standing up or getting out of bed/chair or 
toilet, make sure patient pushes through the arms 
with operated leg in front and most of the weight 
through un-operated leg. Best advice is not to 
pull on a walking frame or any other object in 
vicinity as they can trip or move resulting in a fall 
(Fig. 54.2a–c).

Sitting down
Make sure the patient could feel what they are 
going to sit on at the back of their legs. Then 
teach them to reach for the arms of the chair or 
bed and slowly sit down by sliding the operated 
leg out in front (Fig. 54.3a–c).

54.4.3  Walking

Range of walking aids and combinations are avail-
able to provide different levels of support. A physio-
therapist is best placed to assess appropriateness of 
walking aids and accordingly support patient with 
walking aid progression. Initially, a walking frame 
is used for first few days, and depending upon 
patient’s progress, walking aid progression could be 
assessed to two elbow crutches, two sticks, one 
elbow crutch, and one stick to no walking aid (usu-
ally after 6 weeks). There is no set time frame as to 
when a particular walking aid should be used, each 
patient progresses differently and the discussions 
about progression should take place with the phys-
iotherapist and the surgeon (Fig. 54.4a–c).

54.4.4  Stairs

A few tips could make going up and down the 
stairs easier and safer. If a hand rail is available, 
always encourage patient to use rail on one side 
and an elbow crutch or a stick on the other side. 
The physiotherapist will teach how to carry the 
other crutch or stick as the patient will need it at 
the other end.

a b c

Fig. 54.2 Stages to assist with sit to stand post TKA
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Going upstairs (Fig. 54.5a–c)

 1. Lead with the un-operated leg and place it on 
to the next step

 2. Lift the operated leg onto the same step
 3. Bring the crutch or stick onto the same step

Going downstairs (Fig. 54.6a–c)

 1. Lead and place the crutch or the stick down 
onto the step below

 2. Step onto the same step with the operated leg

 3. Bring the un-operated leg down onto the same 
step

The above technique of doing the stairs makes 
it easier, safer, and puts less strain on the operated 
knee which helps the recovery.

54.4.5  Occupational Therapy

An occupational therapy (OT) assessment will go 
over personal care assessments, dressing, trans-
fers, and height of chair, bed, and toilet. An OT 

a b c

Fig. 54.3 Stages to assist with standing postion to sitting position post TKA

a b c

Fig. 54.4 Commonly used walking aids post TKA
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assessment will identify if there is any need for 
adaptive equipment or aids to make tasks easier 
and safer. This equipment will be organized 
before patient is discharged home.

54.4.6  Information for When Patient 
Goes Home

Patient is usually discharged within 2–4 days 
after the surgery. Their family can take them in a 
car. Ambulance should be arranged if this is 
required. Sufficient pain relief with clear instruc-
tions on how and when to take them should be 

provided. Contact details of the health care 
 professional to discuss pain relief, if required, 
should be provided. Referral to community nurs-
ing team to take the stitches or staples out and for 
wound care should be done.

54.5  Homecare

Provision of home care is variable in different 
community settings. Some patients are eligible 
for free home care support during their recovery, 
some can receive this but have to pay for it, some 
are happy to be supported by family or friends for 

a b c

Fig. 54.5 Stages of going upstairs post TKA

a b c

Fig. 54.6 Stages of going downstairs post TKA
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their day-to-day tasks like personal care, meals, 
shopping, house work, etc.

54.5.1  Exercises

Continue with the exercises mentioned above for 
up to four times a day. Knee range of movement 
and strength will continue to improve over time. 
The surgeon or the physiotherapist can assess the 
movement and strength in the knee to advise on 
how long to carry on with the exercises.

54.5.2  Walking

Try to avoid sitting for long periods. Do short walks 
regularly around the house using the walking aid as 
instructed by the physiotherapist. Weaning of the 
walking aid is a gradual process which usually takes 
around 6 weeks under the supervision of the phys-
iotherapist. Continue with the outdoor walking and 
gradually build up distance.

54.5.3  Gait

Gait speed recovery post-TKA is determined by 
both physical and psychological factors. 
Therefore, it is important to identify and treat the 
underlying physical and cognitive causes of gait 
speed limitations which is crucial to optimize 
functional recovery [10]. A physiotherapist can 
play a vital role in achieving normal gait.

54.5.4  Kneeling

Altered biomechanics of the knee post-TKA, 
various implant designs, and multiple surgical 
approaches could influence kneeling ability after 
the surgery [11]. Pain, physical inability, and 
fear of damaging the prosthesis are the main rea-
sons reported by patients for avoidance of kneel-
ing. Physiotherapists should work with patients 
if they want to achieve kneeling as an outcome 

post-surgery to improve their performance in 
activities of daily living, occupations and hob-
bies [12].

54.5.5  Sports/Hobbies

Return to sports after TKA is possible but high 
impact sports should be avoided. If a patient has 
a particular hobby or interest in a sport, advice 
should be sought from the surgeon or the physio-
therapist before attempting it. Most hobbies 
could be gradually reintroduced after 6 weeks, 
depending upon how the knee responds. If some-
thing feels uncomfortable, stop and try again few 
days later. Low and medium impact sports could 
be resumed usually 12 weeks after TKA [13, 14].

54.5.6  Physiotherapy

Regular physiotherapy follow-up for a period of 
6 weeks is beneficial. After this, there is not 
much evidence to attend physiotherapy as long 
as the patient has an exercise programme to fol-
low. But physiotherapy input could continue for 
a longer term—based on an individual patient’s 
needs.

54.5.7  Driving

In majority of cases, driving could be reintro-
duced after 6 weeks based on the healing and 
how the patient feels post-TKA [15]. Plan the 
first drive and use how the knee feels after the 
short trip as a guide.

54.5.8  Flying

Air travel and TKA are both risk factors for 
venous thromboembolism. There is not much lit-
erature in this regard. The general recommenda-
tion is to avoid air travel during the initial 
recovery period [16].
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It is not uncommon for the surgical site to 
become infected [17]. Keep an eye on the wound 
and if the patient or the health care professional 
looking after the patient observes any signs or 
symptoms of infection, then seek medical help.

54.6  Do’s and Don’ts After TKA 
[18]

 1. Avoid walking on rugs, carpets, and around 
loose cables to avoid the risk of falling

 2. Move furniture around to have clear path to 
walk with use of walking aids

 3. Avoid sitting in a low chair and use a high 
back chair with arm rests, occupational ther-
apist could advise on better sitting

 4. Use assistive devices like long-handled shoe 
horn, long-handled sponge, long reach grab-
ber to make it easier in activities of daily liv-
ing without hurting the healing knee

 5. Avoid long sitting and go for short walks
 6. Don’t overexercise and follow the advice of 

the physiotherapist on exercise
 7. Use walking aids as advised by the physio-

therapist and avoid walking unaided espe-
cially in the initial weeks post-surgery

 8. Don’t cross the legs
 9. Don’t kneel or place anything behind the 

operated knee
 10. Avoid high-impact sports until advised by 

the surgeon

Follow-up varies from surgeon to surgeon. 
This is usually at 6 or 12 weeks after the arthro-
plasty and then after 12 months.

54.7  Discussion

Exercise therapy is a simple solution to alleviate 
these persistent functional limitations and enhance 
TKR outcome [19]. Rehabilitation could start as 
early as on the day of surgery known as POD 0 
(postoperative day 0) depending upon how a 
patient is feeling. This is also known as rapid reha-
bilitation (RR). Exercises usually performed are 
the bed exercises, lying to sitting, and sliding up 

and down [20]. More intense exercise 4–6 h after 
recovery from spinal anaesthesia might improve 
functional recovery without increasing pain [21]. 
Multiple rehabilitation protocols are used world-
wide. Various studies have been conducted to 
assess the effectiveness of different protocols. 
Pagnotta et al. studied the effect of rapid rehabili-
tation on the length of stay (LOS) and functional 
outcomes at 4 and 12 weeks following TKA [20]. 
McGinn et al. retrospectively analysed ROM fol-
lowing TKA [22]. Han et al. evaluated the efficacy 
of early rehabilitation between home exercise pro-
gramme (HEP) to a usual care group which had 
access to clinic-based outpatient physiotherapy 
[23]. These studies have demonstrated that early or 
rapid rehabilitation is more effective and benefi-
cial in terms of LOS, improved range of knee joint 
movement, function, and stiffness after TKA and 
is therefore more appealing.

54.8  Summary

The benefits of exercises are not surprising as 
exercise programmes in the early postoperative 
stage (when patients are still healing from the 
TKA) are mostly focused on improving simple 
knee movement and independent mobility. 
Participation in more comprehensive exercise 
programmes that target the persistent muscle 
weakness, deconditioning, and functional limita-
tion is likely the only way to reverse the substan-
tial deficits that existed for years or decades 
before surgery and persist after TKR. To accom-
plish these more comprehensive goals, exercises 
have to be performed with an intensity sufficient 
to promote important strength and functional 
changes, at levels that cannot be tolerated until 
later stages (after 2 months) post-TKA.
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Arthroplasty
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55.1  Introduction

It is important to study history and evolution to 
understand future directions and advances.

The knee joint is considered the largest joint in 
the body, formed mainly of two articulations: one 
between the femur and patella (patellofemoral 
joint) and the other between femur and tibia 
(medial and lateral femorotibial components). 
Being the major weight-bearing joint, knee joint 
is more likely to suffer from damage either due to 
injury or degenerative changes. Osteoarthritis of 
the knees demands arthroplasty when pain asso-
ciated with these changes becomes unmanage-
able with non-surgical management. The aim of 
knee arthroplasty is to provide with a painless, 
fully functional, and durable prosthesis [1].

Total knee arthroplasty (TKA) procedures 
have evolved in the last four decades in terms of 
implant durability and functionality as similar to 
the anatomic knee joint as possible. With 
advancement in healthcare quality, the percent-
age of population above 65 years living a physi-
cally active lifestyle has increased and with this 
has increased the percentage of population 
requiring this procedure [2].

Knowledge of knee morphology and kinemat-
ics has been the foundation for evolution in the 

implant designs that aim to emulate the natural 
joint both anatomically and physiologically. 
Hence, the understanding of knee biomechanics 
is quintessential in understanding the approach 
and procedure of a TKA [3].

55.2  Evolution of Total Knee 
Arthroplasty

This has been covered in extensive detail in 
another section of this book. It is important nev-
ertheless to appreciate the contributions of Insall 
and Gunston in 1973 who designed the total con-
dylar prosthesis (TCP) which is considered as the 
first modern prosthesis as it allowed PCL sacri-
fice and provided sagittal plane stability. This 
was followed in 1974 with introduction of the 
Duopatellar prosthesis by Walker and Ranawat. 
This was a less conforming prosthesis but was 
cruciate retaining and allowed rollback. This par-
ticular feature made it more applicable in rheu-
matoid patients with deformed upper extremities. 
The first Duopatellar design had separate tibial 
components, separated in between by the natural 
tibial spine and thus preserving both the cruciate 
ligaments. Other contributions came from Scott 
and Thornhill who developed the Press Fit 
Condylar system in 1984. During this time, the 
Kinemax system was also developed in terms of 
modularity and prosthesis constraints. The PFC 
sigma was introduced in April 1996 by Scott and 
Ranawat. The polyethylene insert was now 

A. Lal · W. D. Marley · N. Shah (*) 
Wrightington Hospital, Wrightington, UK
e-mail: William.marley@wwl.nhs.uk; Nikhil.shah@
wwl.nhs.uk

55

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-8591-0_55&domain=pdf
https://doi.org/10.1007/978-981-16-8591-0_55#DOI
mailto:William.marley@wwl.nhs.uk
mailto:Nikhil.shah@wwl.nhs.uk
mailto:Nikhil.shah@wwl.nhs.uk


768

gamma radiation sterilised and packaged in vac-
uum. Subsequent designs included the mobile- 
bearing rotating platform to the PFC sigma 
system where the tibial inserts were free to rotate 
about a central post inside the trays.

55.3  Cruciate Retention versus 
Substitution

The role of posterior cruciate ligament (PCL) in 
TKA has been a matter of debate for several 
decades. Scott et  al. explain the two schools of 
thought. Boston was considered as a centre fol-
lowing PCL retention and New  York for PCL 
substitution. The total condylar prosthesis was 
used with PCL sacrifice while the Duopatellar 
prosthesis with PCL retention. Advantages of 
PCL retention were near-normal joint line loca-
tion. When the PCL was cut, the flexion gap 
increases leading to use of a thicker polyethyl-
ene. This in turn causes more distal femur to be 
resected thus elevating the joint line and potential 
collateral ligament laxity. CR designs were there-
fore felt to be more bone conserving for the 
femur.

The main disadvantages of PCL retention 
were thought to be

 1. late sagittal plane instability when PCL gets 
overstretched

 2. probable need for lateral release for patellar 
tracking

 3. high incidence of PE wear

PCL-substituting designs on the other hand 
were believed to be more forgiving to subtle 
imbalances in the deformity correction. Modern 
designs provided controlled rollback for better 
knee range of motion.

PCL substitution was therefore recommended 
in

 1. ankylosed knees
 2. severe flexion contracture
 3. post-patellectomy knees/chronic patellar 

dislocation

Disadvantage from PCL substitution include

 1. backside wear of PE due to higher constraint
 2. patellar clunk syndrome
 3. loss of femoral intercondylar bone stock
 4. wear of tibial post

These concerns notwithstanding, most long- 
term registry data, show good results of both 
design philosophies (Fig. 55.1).

55.4  Advances in Materials

Wear of polyethylene after a total joint arthro-
plasty has been a major challenge to surgeons. 
Unlike hip arthroplasty where attempts were 
made to reduce wear by using highly cross-linked 
polyethylene (HXPE) and hard-bearing surfaces, 
knee arthroplasty has not seen any large-scale 
alternative to the polyethylene [5].

HXPE used in knee arthroplasty has shown 
promising early and mid-term results in terms of 
wear and durability [6, 7]. The use of HXPE in a 
PS TKA design needs to undergo multiple test 
methods including the walking gait wear testing 
and test methods to simulate the normal knee 
kinematics. Using HXPE has shown to reduce 
wear debris by 67–75%. Components of HXPE 
also demonstrated superior tibial post durability 
compared with the CPE design [8].

HXPE would potentially facilitate a better ana-
tomic congruence and oxidative resistance [9].

Some work on using a preformed mould 
stuffed with a newer plastic material to a create a 
prosthetic component (similar to an antibiotic 
spacer) is believed to have the potential to 
decrease the costs of implantation in future and 
could be an option to contemporary designs [4]. 
The purpose of design evolution and better mate-
rials is to reduce friction and wear between artic-
ulating components. Theoretically, fluid film 
lubrication will reduce friction and attempts to 
achieve this have been made using polyurethane 
materials [4].

Cobalt–chromium–molybdenum (CO-Cr-Mo) 
alloys have been used widely in femoral compo-
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nents of TKA and have shown good 15 years sur-
vival rates (90%) [10]. Around 10% of the population 
undergoing TKA suffer from aseptic loosening and 
metal hypersensitivity [11]. Aseptic loosening is 
attributed to the PE wear leading to osteolysis.

Use of ceramic femoral components could 
potentially reduce PE wear. Favourable tribologi-
cal properties and biocompatibility have led to 
ceramic bearings used extensively in total hip 
arthroplasties. Oxidised zirconium has shown 
good results in several wear-stimulation tests 
[12] (Fig.  55.2). Another advantage of using 
medical-grade ceramic prosthesis is that it is bio-

inert and thus is a good alternative to patients 
with allergy towards metals [13].

It has been shown that wear of PE against oxi-
dised zirconium reduces to 50% after 5 million 
cycles of testing [14]. White et al. concluded that 
the condition of PE after 2 million cycles of test-
ing is far better with ceramic than with Co-Cr-Mo 
alloy. In vitro study data showed significant dif-
ferences in linear wear rate of PE when used with 
a cobalt–chromium femoral component (0.021–
0.074  mm/year) compared with a considerably 
low linear wear rate of 0.026 mm/year when used 
with ceramic [15].

a b

Fig. 55.1 (a) and (b) Cruciate retaining and substituting designs
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The high-performance ceramic (Biolox Delta) 
is a biocomposite material and combining the 
advantages of alumina and zirconia. Thus, it is 
chemically and hydrothermally stable, shows 
extremely low wear rate, and has superior 
mechanical strength and fracture toughness. 
Nakamuru et al. reported good 15-year outcome 
with “hybrid design” of ceramic femoral compo-
nent against Co-Cr tibial component and called 
them bi-surface design [16].

Major drawbacks of using ceramic compo-
nents are fracture of the implant owing to its brit-
tleness and decreased adhesive strength to cement 
[17]. Xiang et  al. concluded that Knee Society 
Score and survival rate of ceramic is comparable 
to metallic femoral components [18].

Peek femoral components are being devel-
oped to articulate with an all polyethylene tibial 
components (Fig.  55.3). Studies on their long- 
term successful results are awaited.

55.5  Advances in Design 
and Geometry

Medial rotation or medial pivot designs were 
developed with the intention of improving the 
range of motion compared with more traditional 
total condylar designs. The smaller lateral femo-
ral condyles allow the design to reproduce mini-
mal movement at the medial femoral compartment 
and posterior translation in the lateral femoral 
compartment. The polyethylene bearing is asym-
metrical with a high medial congruence [19, 20]. 
Some authors also suggested the existence of a 
paradoxical anterior slide instead of rollback and 
proposed that the medial pivot design is the 
answer to this paradoxical motion.

Newer Hi-Flex design (Nex-Gen CR Flex) 
included a modification to the femoral compo-
nent design and incorporated a thicker posterior 
condyle to ensure a better contact at higher flex-

a b

Fig. 55.2 (a) and (b) showing the oxinium knee and the gold knee
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ion. However, many studies with similar designs 
(Zimmer LPS and Zimmer LPS Hi Flex; Genesis 
II PS insert; and Genesis II HF insert) did not 
show a significant increase or better results than 
the traditional design [21].

55.5.1  The Bicruciate Design Total 
Knee Replacement

This design was aimed at trying to address the 
need for an implant that can mimic a natural knee 
during high activity levels by retaining the ante-
rior cruciate ligaments [22–25]. This was an 
attractive concept because it preserves the ante-
rior cruciate ligament and the tibial eminence. 
This can be technically challenging but the 

reported results suggest that good function and 
long-term survivorship can be achieved. It is 
thought to provide a more normal kinematic and 
clinical function as compared to knee replace-
ments with one or both ligaments resected. It is 
also stated to require less bone and soft tissue 
resection and provide a more normal transmis-
sion of the weight-bearing stresses. Nevertheless, 
the long-term outcomes were design specific and 
some of the designs reported a higher re- operation 
rate.

55.5.2  Porous Coating in Cementless 
Knees

Another important landmark in evolution of TKA 
prosthesis is use of highly porous coated surfaces 
in cementless knee replacements. The proponents 
advocate that cement has poor resistance to shear 
and tensile forces leading to micromotion and 
loosening of the implant. Cementless fixation 
(Fig. 55.4) provides a biologic interface that can 
remodel over period of time and also decreases 
the risk of third-body debris which may occur 
with cemented fixation [26]. DeFrancesco et al. 
reported excellent results with cementless, 
Tantalum monoblock tibial components in 
patients less than 60 years of age [27]. Nam et al. 
did a prospective randomised trial and compared 
cemented versus cementless TKA of same design 
and concluded no significant difference after 2 
years postoperative period [28].

Registry data and long-term studies also show 
excellent outcomes of cemented knees.

55.5.3  3D-Printing in Orthopaedics

A big leap in the healthcare field has come with 
3D printing. As the name suggests, 3D printing is 
the process of making a 3D supporting structures 
in a controllable manner and shows advances in 
the cell printing and bio-printing [29]. Based on 
the computed tomography (CT) and MRI images, 
bone prototypes are formed using the layered 

Fig. 55.3 Showing a PEEK femoral component and a 
highly cross-linked polyethylene
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manufacturing technique (LMT) for presentation 
and surgical design. Most valuable design direc-
tion of 3D printing is development of metallic 
implants and person-specific instruments and 
prosthesis. Stainless steel, cobalt–chromium 
alloy, titanium alloys are most commonly used 
materials. Using the computer-assisted design, 
3D printing helps in manufacturing shaped 
implants [30].

Computer-aided design (CAD) is a new 
approach based on CT and MRI images to project 
new designs. With these images, the prosthetic 
component which is designed similar to the knee 
anatomy of the patient, in terms of measurement 
and congruency [4]. It helped obtain a better- 
balanced knee with capsule–ligamentous struc-

tures. The “Shell knee,” which only aimed at 
replacing the damaged cartilage area of the joint, 
was also a product of this technique.

In recent years, the goal of TKA has become 
to reproduce a normal knee kinematics. Kinematic 
studies have shown that there is limited antero- 
posterior displacement on medial side compared 
with lateral side in a normal knee. Achieving 
medial antero-posterior stability involves geo-
metric and material properties of both femoral 
and tibial components under axial load [4].

Based on the Oxford test ring concept, engi-
neers developed a crouching machine to test if 
some knee designs could restore normal joint 
mechanics [31]. Intact knee specimens were 
scanned first and the articular surface for digi-

a b

c

Fig. 55.4 (a)–(c) Pre-op and post-op images 12 years after bilateral uncemented LCS total knee replacements
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tised for marking the reference axis describing 
the motion. Using computer software, TKR 
designs were made in a tough low friction plastic 
and implanted in turn into the knee specimen to 
record the 3D motion. Data showed that the cir-
cular axis passed through the sagittal outlines of 
the posterior condyles [32]. Eckoff et  al. con-
cluded that GM–design circular axis was more 
closely related to a normal knee than PS or CR 
knee.

CAD can be used to maintain a load-bearing 
axis (LBA) of the body which represents a 
straight line starting from centre of the hip to cen-
tre of the ankle joint passing through the inter-
condylar region of the knee [33, 34].

This technology along with 3D printing also 
allows manufacturing bespoke solutions in diffi-
cult problems (Figs. 55.5, 55.6, and 55.7).

A knee arthroplasty surgeon desires to pro-
duce to an ideal limb alignment and to achieve 
this precise component alignment is essential for 
proper implant function as well as longevity [34]. 

Alignment range ±3 degrees is hypothesised to 
improve implant longevity but there is no proper 
evidence for this value and is thus considered 
arbitrary. Ghongade et al. analysed relative pres-
sure changes in TKR implants with 3 degree or 
more of alignment change. They concluded that 
with a range of 4 degree there was not significant 
rise in the stress across the components but 
beyond 5 degrees there was dramatic change in 
stress levels. It highlighted the value of computer- 
assisted surgeries to obtain accurate alignment 
[35, 36].

55.5.4  Manufacturing of Cementless 
Implants using Newer 
Technologies

Recent studies have shown that newer design 
implants can have better fixation and stability 
with the advent of 3D technology [37]. Use of 
novel monolithic, solid-mesh-foam titanium 

Fig. 55.5 Preoperative radiographs of a non-union of distal femur with a THR on same side
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alloy tibial plates and Co-Cr-Mo alloy femoral 
components using electron beam melting tech-
nology for cementless TKA has been reported by 
Murr et  al. [38]. Fabricated using a mesh-foam 
exterior surface and solid core structure provides 
appropriate stiffness and bone ingrowth [38].

Banerjee et al. noted that apart from encourag-
ing a more biological fixation, these new genera-
tion implants can also be used to overcome 

composition and manufacturing drawbacks. In 
spite of limited data on clinical testing and reports 
on these monolithic implants, they may have the 
ideal porosity for ingrowth and mechanical 
strength to withstand shear and torsional stress 
[39]. Thus, there is scope for more research into 
future developments in this field and potential to 
create implants on more complex implant geom-
etries [39].

HA COATEDLATERAL EXTRA
CORTICAL  PLATE TAPERING
4 > 3 WITH 3 x HOLES FOR
∅4.5 SCREWS AND 2 x
GROOVES FOR CABLE
WRAP

CEMENTED STEM
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100

110

180

34 X 31 HA COATED COLLAR
SHAFT

STANDARD SMILES ROTATING
HINGE KNEE

CEMENTED TIBIAL CASING

Custom Implant
design

Fig. 55.6 Preoperative planning of the customised implant
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55.5.5  Patient-Specific 
Instrumentation

One of the most common reasons for implant 
failure or loosening is malalignment and recent 
introduction of technologies to customise instru-
mentation, known as patient-specific instrumen-
tation (PSI), aims to improve the accuracy of 
implantation. PSI also aims to reduce operative 
time and workflow in the theatre [40]. PSI is based 
on CT and MRI images overlapped with radio-
graphs of the patients’ lower extremity. Using 3D 
models, the manufacturing companies design dis-
posable pinning or cutting blocks to help surgeon 
reproduce the same during the surgery.

PSI is beneficial only if it increases the effi-
ciency of the surgical process and there has been 
a global increase in the number of PSI-assisted 
cases, in spite of the significant increase in 
implant costs [41]. Only slight improvement in 

the alignment of femoral component when using 
PSI has been reported. There was a 30% greater 
risk for tibial malalignment using PSI than for 
conventional TKA [42]. In a meta-analysis done 
by Thienpont, he revealed that PSI was only 
slightly advantageous over conventional TKA in 
terms of blood loss and operative time. They 
reported a 4-min advantage of PSI over conven-
tional TKR.  He also reported increased risk of 
tibial malalignment with PSI and concluded that 
PSI cannot be recommended for routine use in 
standard primary TKA [43]. Henricus et al. did a 
meta-analysis on 21 RCTs including 1587 TKAs. 
PSI was reported to be achieved slightly more 
accurate hip–knee–ankle axis (0.3°), tibial slope 
(0.7°), and femoral component rotation by 0.5°. 
They showed a decrease in hospital stay by 8 h in 
PSI but Knee Society Scores and Oxford Knee 
Scores in both PSI and conventional groups were 
similar.

Fig. 55.7 Multiply operated non-union of the distal femur below a total hip replacement treated with a bespoke distal 
femoral replacement design (Stanmore) with a hydroxyapatite collar and a titanium side plate for optimising fixation
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They also reported there is no significant 
decrease in embolic events in PSI group due to 
avoidance of femoral medullary violation and 
hence concluded that PSI could not be used as a 
routine procedure in TKAs [44]. Abandonment 

of PSI technique has been reported to be as high 
as 16–32%.

Trumatch system (Depuy)—patient-specific 
instrumentation used in a complex case 
(Fig. 55.8).

a

c

b

Fig. 55.8 (a)–(c) Showing the planning of alignment, rotation, and gaps prior to designing the patient-specific cutting 
blocks
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55.6  Rehabilitation and Recovery

TKA patients undergoing inpatient rehabilitation 
show substantial improvements in functional per-
formance. Patient undergoing elective procedure 
like joint arthroplasty expect to have good 
 recovery after surgery which depends a lot on 
rehabilitation protocol and have shown good long 
functional outcome on receiving inpatient reha-
bilitation [45]. They also emphasised on continu-
ous improvement in follow-up after discharge in 
93% knee arthroplasty patients.

Most of the rehabilitation protocols focus on 
strengthening the quadriceps and improving the 
range of motion. These help in facilitating activi-
ties of daily living and aid in performing more 
strenuous exercises. Numerous postoperative 
interventions include continuous passive motion 
(CPM), high-velocity contractions, rapid reha-
bilitation, and telerehabilitation [46].

CPM is achieved using a motorised device 
which passively drives knee through predefined 
arc of motion. Mistry et al. reported improvement 
in soft tissue healing, length of stay, and fewer 
complications [47].

High-velocity (HV) exercises focus on move-
ment velocity that aims to increase power of the 
muscle group. It involves contracting the muscle 
in 1  s or less. Low-velocity exercises include 
doing the contracting in 2 s or more. There is evi-
dence suggesting that HV exercises can improve 
static and dynamic balance while decreasing 
quadriceps impairment.

Outpatient therapy in form of Teletherapy and 
Virtual Exercise Rehabilitation Assistant (VERA) 
allows delivery of physical therapy protocols at 
home. VERA uses 3D cameras to pick-up real 
time movements allowing it to provide real time 
feedback allowing patients to fully benefit from 
the programme [48]. Therapies including cryo-
therapy, interferential electrical stimulation, and 
iliotibial band stretching exercises are also used 
to increase joint mobilisation.

Rapid rehabilitation (RR) protocol starts in 
post anaesthesia care unit on day of surgery. 
Patients are encouraged to perform bed mobility 
exercises with assistance. The goal of RR proto-
col is to achieve 10 ft ambulation on POD 0. A 

conventional in-patient rehabilitation aims the 
same with 40–80  ft ambulation with assistance 
on first post-op day. RR protocol has shown 
reduced LOS in TKA patients [49].

Neuromuscular electrical stimulation (NMES) 
and balance control exercises are helpful in pre-
venting quadriceps weaking postoperatively. 
25% of the elderly undergoing TKA have 
reported to fall within 2 years of the procedure. 
Balance exercises involving twisting, turning, 
and walking on uneven surfaces are incorporated 
in rehabilitation strategies [50].

55.7  Summary

The pace of recent advances and developments 
highlight the constant endeavours by surgeons, 
designers, and other stakeholders in continuing to 
look for a total knee replacement design that 
could last a lifetime. It is thought that advances in 
robotic surgery could improve the surgical tech-
nique and make component positioning more 
reproducible avoiding the complications of mal-
positioning and pain. This could potentially 
improve the longevity of a total knee replace-
ment. The ideally coated surface that allows “bio-
logical fixation” to bone could perhaps eliminate 
or reduce the need for revision surgery due to 
loosening. Partial knee replacements continue to 
show better long-term results and may promise a 
less invasive method of replacing only the 
affected compartment. Continued advancements 
in biomaterials could lead to reduced wear and 
contribute to better survivorship. There needs to 
be ongoing research in pushing the boundaries of 
science forward. We owe it to our patients.
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