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It is a great challenge and hard to write a book in English for Korean scholars. 
I sincerely congratulate Dr. Seung-Suk Seo on the publication of this book 
through continuous research and efforts with a passion for academics, even in 
the midst of being busy treating patients.

The knee joint is one of the most studied and mentioned topics in orthope-
dic surgery. The knee joint is a specialized structure that supports repetitive 
loads and enables joint movement by reducing friction. It is built by the phys-
iological conditions of articular cartilage and cellular matrix. Also, the knee 
joint is a complex and complicated structure, and is the structure with the 
most to do.

This book deals with osteoarthritis of the knee joint that is one of the most 
common and important knee joint disease. Due to the gradual aging of the 
population, osteoarthritis of the knee joint is more frequent, especially in 
developed countries. Therefore, proper diagnosis and treatment of knee 
osteoarthritis is an important responsibility for general physicians, rheuma-
tologists, and orthopedic surgeons. Many books on knee arthritis have already 
been published. This book contains all the basic and practical, up-to-date 
knowledge of knee osteoarthritis, from the basics of the knee, such as the 
anatomy and biomechanics of the knee, the structure and function of articular 
cartilage and meniscus, to the diagnosis and various treatments of arthritis. In 
particular, a number of visual illustrations were added appropriately to com-
plement the text and enhance understanding. In addition, in order to provide 
the evidence-based and most modern view on knee arthritis, the author’s 
opinion and many influential references have been reviewed.

This book was made with continuous inspection and efforts for many 
days, with the dedication of well-versed authorities and competent young 
doctors in the field of knee joints. Thanks to all the doctors who have contrib-
uted to this book. Their dedication will be a good guide for the numerous 
trainees, clinicians studying, and treating knee osteoarthritis. Special thanks 
to Dr. Seung-Suk Seo for collecting and revising all the texts. He is one of the 
best, most delicate, and academically outstanding doctors of many orthopedic 
surgeons I have ever seen. His leadership has undoubtedly led to the publica-
tion of a great book.

The medicine is advancing day by day. The knee joint is no exception. I 
am sure this book will be a good guide to treating osteoarthritis in the knee 
and will be a stable and lasting reference for the next few years. I hope this 
book will be of great help to all doctors who treat knee arthritis.
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Finally, if the book does not flow like water, it rots and disappears. Do not 
settle for this. I hope that a more complete revision comes out by supplement-
ing any missing or updated parts.

 Jin Hwan Ahn, MD, PhD
Department of Orthopedics, Sae Um Hospital

Seoul, South Korea

Department of Orthopedics, College of Medicine
Sungkyunkwan University

Seoul, South Korea
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The diagnosis and treatment of arthritis of the knee has various treatment 
methods as well as a long history. Now, when the world’s knowledge is con-
nected through the Internet, many of these treatment methods are introduced 
through papers or books. The pace of development of treatment has acceler-
ated over time, and a vast amount of research is being updated even now. 
Knowledge of these treatment methods is also open to patients, so patients 
who search for a treatment for their disease ask a doctor for the treatment they 
searched for or ask more deeply about the treatment. Mastering all of the new 
treatments is practically difficult and the selection of treatment is hard. In 
order to choose the right treatment, it is necessary to understand the pathol-
ogy and progression of degenerative arthritis of the knee and to classify the 
mechanisms and effects of various treatment methods.

The editor of this book, whom I have known for a long time, is an ortho-
pedic specialist who has been treating patients with knee joint disease for 
more than 30  years while actively conducting academic activities such as 
serving as president of the Korean Knee Society. He is probably one of those 
who can explain the diagnosis and treatment of degenerative knee arthritis 
well. This book goes beyond simply recording the author’s experiences and 
observations and is the result of organizing them on a theoretical basis con-
cretely and systematically. This book provides comprehensive information 
about knee arthritis as well as the latest knowledge on the effects of each of 
the non-surgical and various surgical treatments. Along with this latest knowl-
edge, the pros and cons of the technique based on the editor’s extensive clini-
cal experience are clearly described. In addition, detailed illustrations help to 
understand the anatomy of the knee, the pathology of osteoarthritis, and its 
exacerbation process.

Knee osteoarthritis has been studied for a long time with various treat-
ments; however, there is still a need for improvement of more effective treat-
ments and basic research. Even treatments within the same category have 
varying results depending on the dose, technique, and approach, and adverse 
events have been reported that cannot be ignored. These unorganized variable 
results may rather confuse doctors trying to treat patients. In this respect, this 
book, which summarizes the existing knowledge of knee arthritis that is com-
prehensive and up-to-date, is a very valuable resource for improving the diag-
nosis and treatment of knee arthritis. In addition, it is believed that various 
knee treatment mechanisms, techniques, and tips are organized in an easy-to- 
understand manner in this book, helping doctors who do not major in knee 
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but want to access knee disease treatment to broaden their understanding of 
knee arthritis. I do not doubt that this book will make it easier for many 
patients suffering from knee arthritis and doctors who treat it, and wish the 
editors great success.

 Dae Kyung Bae, MD, PhD
Department of Orthopedics, Seoul Sacred Heart Hospital

Seoul, South Korea

Department of Orthopaedics, College of Medicine
Kyung Hee University

Seoul, South Korea
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Osteoarthritis is one of the most common diseases that occur in humans. In 
particular, knee osteoarthritis exacts a tremendous socioeconomic burden 
upon those who suffer from it due to the hardship it places upon an individu-
al’s personal and professional activities. As a young man, while completing 
my medical studies and residency I understood osteoarthritis to be a disease 
of articular cartilage that progressed naturally through daily “wear and tear.” 
However, as medical knowledge has advanced over the last several decades, 
many breakthroughs have been made with regard to the etiology, pathogene-
sis, diagnosis, and treatment of osteoarthritis. My knowledge too has grown 
right alongside these advances as I have been an orthopedic surgeon special-
izing in knee joint surgery for the past 30 years.

In my practice, I have encountered countless patients with knee osteoar-
thritis who have been referred to my clinic for surgery. However, only a few 
of the patients I treat are provided with surgical treatment and most patients 
are treated non-surgically. My thoughts, as a practicing surgeon, while var-
ied, have often focused on my belief that many healthcare providers, includ-
ing myself, have failed to provide appropriate medical care to patients with 
knee osteoarthritis. Despite many academic societies and government regu-
lators having drafted therapeutic guidelines for osteoarthritis, in my opin-
ion, in practice, many patients have not been properly treated with the 
established guidelines in clinics. While varied, reasons for this include 
social and environmental factors, including the healthcare systems in many 
countries, the education provided to healthcare providers, and various 
patient-related factors. Among the issues I have outlined here, I believe the 
education provided to healthcare providers is of critical importance. One of 
the key reasons, I believe that educational practices are lacking, is that 
despite the abundance of knowledge regarding osteoarthritis that has been 
introduced in textbooks, journals, and web-based articles, it is difficult to 
find texts specific to knee osteoarthritis. Additionally, of the texts that exist 
focused on knee osteoarthritis, most focus almost exclusively on surgical 
techniques. Knee osteoarthritis is treated not only by orthopedic surgeons, 
but also by rheumatologists, general physicians, and family medical doc-
tors, so I believe it requires a textbook that provides integrated knowledge 
with a focus on both non-surgical treatment and surgery-specific knowl-
edge. Osteoarthritis is caused by a variety of etiologies and is characterized 
by gradual destruction of the joints that progresses through a variety of 
disease stages. Osteoarthritis has a variety of causes and disease progres-
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sions, so treatment of knee osteoarthritis should not be insisted on in one 
way. Instead, the treatment of knee osteoarthritis requires personalized and 
strategic approaches for each patient. Therefore, this book aims to provide 
integrated knowledge of knee osteoarthritis to various healthcare providers 
with the knowledge base they need to provide a personalized and strategic 
treatment solution.

This book is divided into three main parts. The first part describes basic 
knowledge with respect to the anatomy and biomechanics of the knee joint 
and the histology and biochemical composition of the articular cartilage to 
develop an understanding of the structure and role of the knee joint. The 
second section describes the etiologies, pathogenesis, and diagnosis of 
osteoarthritis. Globally, due to an overall increase in socioeconomic status, 
an increasing number of individuals are participating in athletics. 
Accordingly, many patients are curious about the relationship that exists 
between sports activities and knee osteoarthritis. This section, specifically 
Chap. 4, will delve into these relationships. It clearly describes the relation-
ship between sports and osteoarthritis. The third section describes the treat-
ment of osteoarthritis, including nonpharmacologic, pharmacologic, and 
surgical treatment. Nonpharmacologic treatment is known for its cost-effec-
tiveness. However, although numerous nonpharmacological treatments have 
been introduced, the efficacy of these treatments is controversial. One chap-
ter in particular, Chap. 8, introduces various nonpharmacologic treatments 
used to treat knee osteoarthritis and describes the efficacy of each treatment. 
Chapter 11 deals with injection therapy for symptomatic knee osteoarthritis. 
As it is widely used, the chapter details the pharmacokinetics and intra-artic-
ular injection techniques most commonly used and describes the efficacy of 
intra-articular injections currently in use. Furthermore, it also explains the 
various types and corresponding effectiveness of intra-articular injection 
treatments with biologic agents that have recently seen increased use. This is 
to help readers expand their knowledge of the latest treatments. Surgical 
treatment is a subspecialty in orthopedics. This book accordingly describes 
the surgical treatment of knee osteoarthritis, including common indicators of 
problems that may exist. The reason for doing so is to provide healthcare 
workers, other than orthopedic surgeons, with a basic understanding of sur-
gical treatment to help treat patients with knee osteoarthritis. Orthopedic 
surgeons who want to know more about various surgical techniques should 
refer to the corresponding textbooks that describe the surgical methods in 
more detail. Knee osteoarthritis is caused by a variety of etiologies and 
symptoms vary at different stages of the disease, so treatment also requires 
a varied approach. Chapter 15 uses a step-wise and algorithmic guideline to 
describe how the previously described treatments for knee osteoarthritis are 
applied to clinical practices. They are also intended to provide guidelines on 
how to provide more personalized medical treatment to patients by identify-
ing patients with knee osteoarthritis as clinical phenotype and providing 
appropriate treatment.

Finally, I truly hope this textbook will be an invaluable resource that helps 
those suffering from knee osteoarthritis improve, in some way, the quality of 
their lives.

Preface
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Anatomy and Biomechanics

Seung-Suk Seo, Gi-Hun Lee, and Kyung-Jae Seo

Abstract

The bony structures of knee joint are com-
posed of femur, tibia, fibula, and patella. The 
bony structures are connected with surround-
ing soft tissues, such as ligaments, tendons, 
and capsular structures. The quadriceps and 
patella tendon are located in the anterior 
aspect of the knee joint. In the posteromedial 
aspect of the knee the medial hamstring ten-
dons are observed. The iliotibial tract and 
biceps femoris are placed in the posterolateral 
aspect of the knee joint. The medial collateral 
ligament is a flat band-like structure attached 
to the medial epicondyle of the knee and to the 
medial metaphysis of the proximal tibia. The 
lateral collateral ligament is a cord like struc-
ture connecting the lateral femoral epicondyle 
to the fibula head. The menisci are a crescent 
shaped fibrocartilaginous structures placed 
between the distal femur and the tibial pla-
teau. The cruciate ligaments are intraarticular, 
extrasynovial structures connecting the femur 
and the tibia. The knee joint is supplied blood 
from branches of the femoral and the popliteal 
artery. The nerve distribution to the knee joint 

is made by the branches of the femoral nerve, 
tibial nerve, common peroneal nerve, and 
obturator nerve. The knee joint is a modified 
hinge joint and can be moved in 6 directions, 
but the main movement is a flexion-extension. 
A combination of rolling and gliding move-
ment of the femur against the tibial articular 
surface enables a maximum flexion of the 
knee joint. The tibia is externally rotated about 
15 degrees during full extension of the knee 
joint. This rotational motion is called a screw- 
home movement. In the patellofemoral joint 
movement, the patella contacts the trochlea in 
a 30 degrees flexion, and the contact surface 
moves proximal as the flexion progresses.

Keywords

Femur · Tibia · Patella · Medial collateral 
ligament · Lateral collateral ligament   
Rolling and gliding movement · Screw-home 
movement

1.1  Anatomy of the Knee

1.1.1  Bony Structure

1.1.1.1  Distal Femur
The distal femur consists of medial and lateral 
femoral condyle, trochlear groove, and intercon-
dylar notch. The femoral condyle is divided into 
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medial and lateral condyle by a trochlear groove 
anteriorly and an intercondylar notch posteriorly 
(Fig. 1.1a). The shape and size of medial and lat-
eral femoral condyle are different. The medial 
condyle has a longer and symmetrical curve in 
anteroposterior axis. The lateral condyle is the 
more prominent distally and is the broader both 
in its anteroposterior and transverse axis 
(Fig. 1.1b, c). The length of the articular surface 
of the medial condyle is longer. The width of the 
articular surface of the lateral condyle is wider at 
the level of the intercondylar notch. The long axis 
of the lateral condyle is almost identical to the 
sagittal plane of the body, and the long axis of the 
medial condyle is about 22 degrees inclined to 
the sagittal plane. Therefore, the shape of distal 
femur is trapezoidal from the axial view. The 
posterior part of the femoral condyle is divided 
by intercondylar notch. The width of the inter-
condylar notch is a narrow distally and widens 
proximally. On the other hand, the height of the 
intercondylar notch is the highest in the middle 
and lower in the proximal to distal part. The ante-
rior cruciate ligament and the posterior cruciate 
ligament are attached to the intercondylar notch. 
There are the medial epicondyle and the lateral 
epicondyle on the inner and outer sides of the 
femoral condyle, respectively, attached by the 

medial collateral ligament and the lateral collat-
eral ligament. The medial epicondyle is a large 
convex eminence and the lateral epicondyle, 
smaller and more prominent than the medial. The 
medial epicondyle consists of a C-shaped ridge 
and a sulcus at the center, and the medial collat-
eral ligature is attached to the sulcus. There is a 
groove on the distal surface of the lateral epicon-
dyle, with a popliteus muscle attached to the 
front, which is located directly at the proximal 
part of the lateral articular cartilage (Fig. 1.2).

1.1.1.2  Proximal Tibia
The articular surface of the tibial plateau has a 
varus slope of about 3–5 degrees to the coronal 
plane and a posterior slope of about 7–10 degrees 
to the long axis of the tibia to the sagittal plane. 
The articular surface of the tibial plateau is 
divided into the medial and lateral plateau by 
intercondylar eminence. The medial tibial pla-
teau is larger than the lateral tibial plateau. The 
articular surface of the medial side is flat or con-
cave, and that of the lateral side is convex 
(Fig.  1.1b). There is the anterior intercondylar 
fossa located in front of the intercondylar emi-
nences. The anterior horn of the medial menis-
cus, the anterior cruciate ligament (ACL), the 
anterior horn of lateral meniscus, the posterior 

a b

Fig. 1.1 (a) Axial view of distal femur. The length of the 
articular surface of the medial condyle is longer and the 
width of the articular surface of the lateral condyle is 
wider at the level of the intercondylar notch (b) Axial 

view of tibial plateau. The articular surface of the medial 
side is flat or concave, and that of the lateral side is con-
vex. The anterior intercondylar fossa is located in front of 
the intercondylar eminences

S.-S. Seo et al.
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horn of lateral meniscus, the posterior horn of 
medial meniscus, and the posterior cruciate liga-
ment (PCL) are located in order from anterior to 
posterior in the median portion of the tibial pla-
teau. There is the intercondylar eminence con-
sisting of the medial tibial spine and the lateral 
tibial spine behind the attachment of the anterior 
horn of the lateral meniscus. The medial tibia 

spine is more prominent upwards and is located 
more forward than the lateral spine. As an 
extraarticular anatomical bony structure, there is 
the tibial tuberosity attached by the patella ten-
don on the anterior part of the proximal tibia, 
and there is Gerdy’s tubercle attached by the 
iliotibial band about 2–3  cm laterally from the 
tibial tuberosity.

a b

c d

Fig. 1.2 Bony structures of the knee joint (right side). (a) Anterior aspect, (b) medial aspect, (c) posterior aspect, (d) 
lateral aspect

1 Anatomy and Biomechanics
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1.1.1.3  Fibula
The fibula head articulates with the proximal 
tibia and forms the proximal tibiofibula joint. 
Anatomical structures that are important for the 
stability of the lateral and posterolateral side of 
the knee joint attach to the fibula head (Fig. 1.2). 
The popliteofibular ligament (PFL) inserts to the 
apex of the fibula styloid. The fabellofibular liga-
ment inserts on the posterolateral edge of the 
fibula styloid just distal and lateral surface of the 
PFL insertion. The lateral collateral ligament 
(LCL) inserts proximally about 28 mm distal to 
the fibula styloid and about 8 mm from the ante-
rior cortex of the fibula head. Tendon of the 
biceps femoris inserts to the anterior and lateral 
aspect of the fibula head between PFL and LCL 
insertion (Fig. 1.10).

1.1.1.4  Patella
The patella is the largest sesamoid bone in the 
body, which articulated with the distal femur. 
The patella protects the anterior surface of the 
knee joint, and increases the lever arm of the 
extensor mechanism to facilitate the knee joint 
extension. The articular surface of the patella 
is elliptical and is divided into the lateral and 
medial facet by the vertical median bridge in 
the center. The lateral facet is wider and longer 
than the medial facet, accounting for about 
two-thirds of the total articular surface of the 
patella, and the cartilage in the lateral facet is 
thicker than the medial facet. The cartilage in 
the medial facet is slightly convex or flat, while 
the cartilage in the lateral facet forms a con-
cave shape. There are two transverse ridges, 
where the articular surface of each facet is 
divided into three parts: proximal, middle, and 
distal. There is another small longitudinal 
ridge near the medial border of the patella 
which separates the medial facet from a thin 
strip of articular surface known as the odd 
facet. The odd facet contacts the femoral con-
dyle only when the knee joint is deeply bent. 
Including this, there are seven facets in the 
articular surface of the patella (Fig. 1.3a, b, c).

1.1.2  Anterior Aspect

1.1.2.1  Surface Anatomy
Most prominent structure in the anterior aspect of 
the knee is the patella that lies in the center of the 
joint and the whole margin of the patella can be 
easily palpated. The tendon of the quadriceps 
femoris can be observed on the superior margin 
of the patella. The vastus medialis is located on 
the medial side of the quadriceps tendon, its mus-
cular portion is observed on the more distal part 
of the quadriceps tendon and inserts to the super-
omedial border of the patella. The vastus lateralis 
is placed on the lateral side of the quadriceps ten-
don and its muscular portion is observed on more 
proximal aspect and forms a tendinous portion 
about 3  cm above the patella and inserts to the 
superolateral margin of the patella. The second 
prominent bony structure in the anterior aspect is 
the tibial tuberosity that is located between the 
medial and lateral condyle of the proximal tibia. 
The patella tendon runs distally from the distal 
border of the patella to the tibial tuberosity, and it 
is easily visible and palpable (Fig. 1.4a).

1.1.2.2  Quadriceps
The quadriceps composed of the rectus femoris, 
the vastus lateralis, the vastus medialis, and the 
vastus intermedius, and converge distally to form 
a quadriceps tendon that passes through the ante-
rior surface of the patella and turn into a patella 
tendon. The rectus femoris forms a superficial 
layer, the vastus medialis and lateralis form a 
middle layer, and the vastus intermedius forms a 
deep layer. The rectus femoris and vastus inter-
medius insert almost vertically to the superior 
pole of the patella. On the other hand, the vastus 
medialis and lateralis attach obliquely to the 
patella at 55 degrees (28–70 degrees) and 14 
degrees (6–45 degrees) on average, respectively 
[1–3] (Fig. 1.4b, c).

Rectus Femoris The rectus femoris has a fusiform 
shape, accounting for about 15% of the quadriceps 
cross-section. The muscular portion of the rectus 
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femoris is changed to a narrow tendinous structure 
at 5–8 cm proximal part of the superior pole of the 
patella, and gradually widens in the distal part. 
Located at the superficial and middle of a quadri-

ceps mechanism in cross- section, some fibers insert 
to the superior pole of the patella and most fibers 
passing through the anterior surface of the patella 
proceed distally and become the patella tendon.

a

c

b

Anterior surface of
patella

Superior pole

Odd facet

SMF

MMF

IMF

Medial facet

Inferior pole

Articular facet

SLF

MLF

ILF

Lateral facet

Fig. 1.3 Patella. (a) Anterior surface, (b) the articular 
surface is divided into the lateral and medial facet by the 
vertical median bridge in the center and divided into three 

parts such as proximal, middle, and distal facet by two 
transverse ridges, (c) axial view
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Vastus Medialis The vastus medialis is 
divided into two types depending on the direc-
tion of muscle fibers attached to the patella. 
The muscle fiber that runs parallel to the rectus 
femoris in the proximal region is called vastus 
medialis longus (VML), and originates from 

the femur and inserts perpendicularly to the 
superomedial area of the patella. The muscle 
fiber in the distal region of the vastus medialis 
that runs obliquely in relation to the rectus 
femoris is called the vastus medialis obliqus 
(VMO). The VMO is originated from the 

a

c

b

Fig. 1.4 Anterior aspect of the knee joint. (a) Surface 
anatomy, (b) the quadriceps muscle composed of the rec-
tus femoris, the vastus lateralis, the vastus medialis, and 
the vastus intermedius. The patella tendon connects the 

patella and the tibial tuberosity, (c) lateral view. Most 
fibers of the rectus femoris passing through the anterior 
surface of the patella proceed distally and become the 
patella tendon
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adductor longus tendon proximal to the adduc-
tor tubercle and the medial intermuscular sep-
tum and inserted in an oblique direction of 
about 55–70 degrees to the upper 1/2 and 
superomedial part of the patella. Unlike rectus 
femoris, VMO muscle fibers change to tendi-
nous fibers in close proximity to the patella. 
The VMO has a fibrous extension in the distal 
region, which is continuous with the medial 
retinaculum [4].

Vastus Lateralis The vastus lateralis is 
divided into a longus and obliquus muscle 
fibers. The fibers of the vastus lateralis run 
more parallel to the rectus femoris than the 
vastus medialis. Muscle fibers convert to tendi-
nous fibers at 3  cm above the patella and 
attached to the superolateral pole of the patella, 
and distally connected and contributed to the 
lateral retinaculum [5].

Vastus Intermedius The vastus intermedius is 
located in the deepest of the quadriceps and 
inserts into the superior pole of the patella. The 
fibers of the vastus intermedius blend with fibers 
in the vastus medialis and lateralis.

1.1.2.3  Patella Tendon
The patella tendon is a strong, flat ligament with 
about 35–55  mm length, which runs from the 
inferior pole of the patella to the tibial tuberosity. 
The patella tendon composed mainly of the fibers 
of rectus femoris.

1.1.3  Medial Aspect

1.1.3.1  Surface Anatomy
The pes anserinus tendon that composed of the 
sartorius, gracilis, and semitendinosus can be 
palpated on the medial aspect of the tibia, medial, 
and posterior location from the tibial tuberosity. 
The most superficial structure is the sartorius 
muscle that is hardly palpable. However, deep to 
the sartorius muscle, the cordlike tendons of the 
gracilis and semitendinosus muscles can be eas-
ily palpated. The medial femoral and tibial con-
dyles can be palpated easily with the knee in 90 

degrees of flexion. The medial collateral ligament 
(MCL) runs distally from the medial epicondyle 
of the femur to the medial tibial condyle, and is 
hardly seen or palpated because it is a flat struc-
ture except the very thin body (Fig. 1.5a).

1.1.3.2  Medial Layers
The medial structure of the knee joint can be 
divided into three layers. The three layers can be 
best distinguished in the area of the superficial 
medial collateral ligaments (SMCL), one of the 
structures forming the layer 2. Layer 1 composed 
of the deep fascia including sartorial fascia. 
Between 1 and 2 layers, there are the gracilis ten-
don and the semitendinosus tendon. Layer 2 
includes the SMCL, the medial patellofemoral 
ligament (MPFL), and medial retinaculum. Layer 
3 consists of the deep medial collateral ligament 
(DMCL) and the knee joint capsule [6] (Fig. 1.5b).

Layer 1 Layer 1 is the first visible deep fascia 
when skin incision is made on the medial side of 
the knee joint, which extends proximally to cover 
the quadriceps, posteriorly to overly the two 
heads of the gastrocnemius and the popliteal 
fossa, and distally to invest the sartorius muscle 
and sartorial fascia.

Layer 2 Most prominent structure in the layer 2 
is the SMCL.  From about 1  cm anteriorly of 
SMCL, it is difficult to distinguish between the 
layer 1 and 2. Although it is known to be attached 
to the depression of the medial epicondyle (ME) 
approximately 4.8  mm posterior and 3.2  mm 
proximal to the ME, it is difficult to identify the 
exact insertion site because it has a broad attach-
ment site. The tibial attachment of SMCL has 
two insertion sites [7]. Proximal insertion is 
located to near the medial tibial articular margin. 
Distal insertion is located onto the medial tibial 
metaphysis an average 61.2 mm from the medial 
joint line underlying the pes anserinus. The 
SMCL has two kinds of fiber direction which are 
vertical fibers in the anterior portion and the 
oblique fibers in the posterior part (Fig.  1.6c). 
The pes anserinus is the conjoined tendon of the 
sartorius, gracilis, and semitendinosus that attach 
to the proximal medial metaphysis of the tibia 
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[8]. The gracilis originates by the inferior pubic 
ramus and runs distally along the medial side of 
the thigh. At 1/3 of the distal thigh, the muscle 
fiber of the gracilis attaches to the medial tendon 

of the semitendinosus (Fig.  1.6a). The medial 
patellofemoral ligament (MPFL) is the flat, 
 pan- shaped structure that primarily resists the lat-
eral displacement of the patella between 0 and 30 

a

b

Fig. 1.5 Medial aspect 
of the knee joint. (a) 
Surface anatomy, (b) 
medial layers. The 
medial structure of the 
knee joint can be divided 
into three layers that can 
be best distinguished in 
the area of the 
superficial medial 
collateral ligaments 
(SMCL)
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degrees of the knee joint motion and is classified 
as layer 2. The average length is about 56  mm 
and is an hourglass shaped with a wider patella 
attachment than the middle part. The femoral 
side is attached to the triangular area formed by 
the adductor tubercle, medial epicondyle, and 

gastrocnemius tubercle, and the patella side is 
attached to the proximal two third of the medial 
margin of the patella [9] (Fig.  1.6b). It is also 
attached to the VMO and the vastus intermedius. 
The posterior oblique ligaments (POL) extend 
from the posterior border of SMCL to the inser-

a

c

b

Fig. 1.6 Layer 2 of medial structures. (a) The pes anseri-
nus is the conjoined tendon of the sartorius, gracilis, and 
semitendinosus, (b) the medial patellofemoral ligament 
(MPFL) is a flat, pan-shaped structures connecting the 

patella and the medial condyle of the distal femur, (c) the 
superficial medial collateral ligament (SMCL) is a flat 
band-like structure attached to the medial epicondyle of the 
femur and to the medial metaphysis of the proximal tibia

1 Anatomy and Biomechanics
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tion of the semimembranosus. This is a structure 
in which layer 2 and layer 3 merge in the postero-
medial aspect of the knee joint (Fig. 1.7b). The 
POL divides into superficial, central, and articu-
lar arm, of which the central arm is the largest, 
the thickest, and forms most of the femoral 
attachment. The distal portion of the central arm 
attaches to the posteromedial portion of the 
medial meniscus, the meniscotibial portion of the 
joint capsule, and the posteromedial corner of the 
tibia [10].

Layer 3 The layer 3 consists of the joint capsule. 
The middle one third of medial joint capsule forms 
the deep medial collateral ligament (DMCL), 
which composes of a thickened, vertically oriented 
fibers under the SMCL. The DMCL spreads from 
the femur to the midportion of the peripheral mar-
gin of the medial meniscus and to the articular 
margin of the tibia. Anteriorly, the DMCL is 
clearly distinguished from the SMCL with the 
interposing bursa, but posteriorly, it is difficult to 
distinguish because meniscofemoral portion of the 
DMCL merges with overlying the SMCL 
(Fig.  1.7a). On the other hand, in the tibia, it 

becomes a structure called the coronary ligament 
and can be distinguished from the SMCL [11].

Semimembranosus The semimembranosus ten-
don inserts to the posteromedial corner of the knee 
joint as direct and anterior insertion (Fig.  1.7b). 
Direct insertion attaches to a bony prominence 
approximately 1 cm below the posteromedial joint 
line of the tibia. Anterior insertion attaches to the 
tibial periosteum just distal to the joint capsule 
under the SMCL. Both insertions do not contribute 
to any of the 3 layers. The semimembranosus ten-
don sheath sends to multiple fibrous expansions 
upward and downward into layer 2. The most dis-
tinguishable expansion is the oblique popliteal lig-
ament (OPL) which is a lateral expansion off the 
tendon sheath and courses laterally and proximally 
across the posterior capsule to the attachment of the 
lateral head of gastrocnemius. The capsular expan-
sion attaches it to the posterior horn of the medial 
meniscus and joint capsule along the superior bor-
der of OPL. The distal expansion runs distally and 
merges into the peritoneum of the medial tibial in 
the form of fibrous expansion over the popliteus 
[12, 13].

a b

Fig. 1.7 Layer 3 of medial structures. (a) The deep 
medial collateral ligament (DMCL) is a thickened, verti-
cally oriented fibers located in the middle one third of the 

medial joint capsule, (b) the semimembranosus tendon 
has a complex insertions in the posteromedial corner of 
the knee joint

S.-S. Seo et al.
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1.1.4  Lateral Aspect

1.1.4.1  Surface Anatomy
The lateral femoral and tibial condyles can be 
palpated with the knee in 90 degrees of flexion. 
The fibular head is located onto distal to the lat-
eral condyle of the tibia and can be easily pal-
pated in the lateral aspect of the knee joint. The 
lateral collateral ligament (LCL), a cordlike 
structure that runs from the fibular head to the 
lateral condyle of the femur, is easily palpable or 
visible with the 90 degrees knee flexion in varus 
force. Gerdy’s tubercle is observed on the lateral 
and proximal site to the tibial tuberosity, which is 
the insert site for the iliotibial tract (Fig. 1.8a).

1.1.4.2  Lateral Layers
The lateral side of the knee joint is composed of 
three layers (layers 1, 2, 3). The layer 1 consists of 
the fascia lata, the iliotibial band, and the biceps 
femoris with an aponeurotic expansion (Fig. 1.8b). 
The layer 2 contains the quadriceps retinaculum 
anteriorly and it becomes an incomplete structure 
including patellofemoral and two patellomeniscal 
ligaments posteriorly. The layer 3 is composed of 
joint capsule of which posterior part is divided 
into the deep and superficial lamina. The deep 
lamina forms the coronary ligament and the arcu-
ate ligament. The superficial lamina consists of 
the lateral collateral ligament and the fabellofibu-
lar ligament [14] (Fig. 1.8c).

a b

c

Fig. 1.8 Lateral aspect of the knee joint. (a) Surface anatomy, (b) layer 1 consists of the fascia lata, the iliotibial band, 
and the biceps femoris with an aponeurotic expansion, (c) lateral layers is less discernable than medial layers
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Iliotibial Band The iliotibial band (ITB) origi-
nates on the anterior-superior iliac spine and runs 
distally along the lateral aspect of the thigh and 
around the knee joint, is divided into three sepa-

rate layers; superficial, deep, and capsulo- osseous 
layer (Fig. 1.9a). A part of the superficial layer is 
a structure called the iliopatellar band that extends 
to the lateral aspect of the patella, and most of 

a

b

Fig. 1.9 (a) The 
iliotibial band is divided 
into three separate 
layers; superficial, deep, 
and capsulo-osseous 
layer around the knee 
joint and has a broad 
insertional areas, (b) the 
biceps femoris attaches 
to the posterolateral side 
of the knee joint in a 
complex mode. The 
direct arm attaches to 
the posterolateral border 
of the fibula head

S.-S. Seo et al.
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superficial layer attaches to Gerdy’s tubercle. The 
iliopatellar band prevents an excessive medial 
glide of the patella and plays an important role in 
a patellofemoral tracking. The deep layer extends 
from the medial part of the superficial layer to the 
lateral intermuscular septum of the distal femur. 
The distal part of the deep layer attaches to the 
posterior surface of the lateral femoral condyle. 
The capsulo-osseous layer extends to the medial 
and distal to the deep layer and is mixed with 
fibers from the short head of the biceps femoris. 
The capsulo-osseous layer extends more distally, 
making a sling to the posterior to the lateral femo-
ral condyle and inserts to the posterosuperior 
aspect of Gerdy’s tubercle [15].

Biceps Femoris The biceps femoris is a fusi-
form muscle consisting of two head: long and 
short. The two heads of the biceps femoris 
around the knee joint is located just behind the 
ITB.  The biceps femoris attaches to the pos-
terolateral side of the knee joint in a complex 
mode (Fig. 1.9b). Among the insertions of the 
long head of biceps femoris, the direct arm, the 
anterior arm, and the lateral aponeurotic expan-
sion are a major part. The direct arm attaches 
to the posterolateral  border of the fibula head. 
The anterior arm inserts onto the lateral fibula 
head and lateral collateral ligament. The short 
head of biceps femoris has six distal attach-
ments. Among them, the capsular arm, the 
direct arm, and the anterior arm are important 
attachments. The capsular arm inserts onto the 
posterolateral aspect of the joint capsule, the 
fabella, and fabellofibula ligament. The direct 
arm is attached to the fibula head just behind 
and above of the direct arm of the biceps long 
head. The anterior arm inserts onto the supero-
lateral tibia 1 cm posterior to Gerdy’s tubercle 
that is the attachment site of the mid third knee 
joint capsule [16, 17].

Lateral Collateral Ligament The lateral col-
lateral ligament (LCL) is a cord like ligament 
that extends from the lateral femoral epicon-
dyle to the anterolateral aspect of the fibula 
head (Fig.  1.10a). Comparing with its sur-
rounding structures, the femoral attachment of 

the LCL is approximately 14 mm anterior and 
slightly distal to the origin of the lateral head 
of the gastrocnemius and is located about 
1.4 mm proximal and 3.1 mm posterior to the 
lateral femoral epicondyle. The femoral insert 
of the LCL is located at an average of 18.5 mm 
away from where the popliteus tendon is 
attached. The LCL courses distally to insert 
approximately 8  mm posterior to the anterior 
border of the fibula head and about 28 mm dis-
tal to the tip of the fibula styloid process [18].

Popliteus The popliteus muscle inserts onto 
the posterior aspect of the tibia, the immediate 
proximal part of the soleal line. The popliteus 
muscle has three origins; the popliteus tendon 
from the lateral femoral condyle, the popliteo-
fibula ligament, and the posterior horn of the 
lateral meniscus (Fig.  1.10b). The popliteus 
tendon has three attachments to the lateral 
meniscus, which are the anteroinferior, pos-
terosuperior, and posteroinferior fascicles [19]. 
The popliteus tendon attaches to approximately 
18 mm anterior and distal to the insertion site 
of the lateral collateral ligament. The popliteo-
fibula ligament originates at the musculotendi-
nous junction of the popliteus muscle and 
inserts onto the medial border of the fibular 
head underlying the fabellofibula ligament 
(Fig.  1.10b). The arcuate ligament is the 
Y-shaped structure composed of the femoral 
and fibula origin of the popliteus muscle. It is 
not a separate ligament but condensation of the 
fibers of the popliteus (Fig. 1.11a). The inferior 
lateral genicular artery courses between the 
fabellofibula ligament and the popliteofibula 
ligament [20].

Fabellofibular Ligament The fabellofibular 
ligament originates from the lateral aspect of the 
fabella and inserts to the posterolateral margin of 
the fibular styloid process which is the posterolat-
eral site to the PFL insertion (Fig. 1.11b). If there 
is no fabella, it begins at the posterior aspect of 
the supracondylar process of the distal femur. 
The presence of these ligaments has been reported 
in a variety of ways up to 40–68 percent of the 
specimens.
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a

c

b

Fig. 1.10 Lateral aspect of the knee joint. (a) Lateral collateral ligament, (b), (c) popliteus muscle and popliteofibular 
ligament
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a

b

Popliteofibula 
ligament

Fig. 1.11 Posterior and 
posterolateral corner of 
the knee joint. (a) The 
arcuate ligament is the 
Y-shaped structure 
composed of the femoral 
and fibula origin of the 
popliteus muscle, (b) the 
fabellofibular ligament 
and the popliteofibular 
ligament
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1.1.5  Posterior Aspect

The popliteus fossa is the rhomboid shaped 
space observed on the posterior aspect of the 
knee joint. In the middle of the popliteal fossa 
a horizontal line is traversed, that corresponds 
to the flexion crease of the knee (Fig. 1.12a). 
The superomedial border composed of the ten-
dons of the semitendinosus superficially and 
the semimembranosus deeply. The semitendi-
nosus arises from the lower and medial impres-
sion on the ischial tuberosity. The 
semimembranosus arises from the proximal 
and lateral sides of the ischial tuberosity and 
runs inward in the deep site comparing to the 
course of the semitendinosus. The semimem-
branosus and semitendinosus insert to the 
medial and posterior condyle of the tibia. The 
superolateral border corresponds to the tendon 
of the biceps femoris that is located at the pos-
terior aspect of the iliotibial band. The medial 
and lateral inferior borders of the popliteal 
fossa correspond to the medial and lateral 
head of the gastrocnemius muscle, respec-
tively, which are divergent at their origin but 
converge distally. The gastrocnemius origi-
nates as two heads from the distal femur. The 
medial head originates from the popliteal sur-
face of the distal femur and the posterior 
aspect of the medial condyle. The lateral head 
originates from a facet on the upper lateral 
surface of the lateral femoral condyle. The two 
heads are merged to form a common tendon 
with the soleus. There are several neurovascu-
lar structures such as the tibial nerve, the com-
mon peroneal nerve, and the popliteal artery in 
the popliteal fossa. The tibial nerve courses 
down in the centromedial region of the popli-
teal fossa and can be palpated as a cordlike 
structure. The common peroneal nerve runs 
distally along with the biceps femoris tendon 
in the superolateral border of the fossa. The 
popliteal artery is located medial to the tibial 
nerve and is easily detected by palpation of its 
pulse [21] (Fig. 1.12b).

1.1.6  Intraarticular Structure

1.1.6.1  Meniscus
The structure and function of the medial and lat-
eral meniscus are described in the Chap. 2.

1.1.6.2  Anterior Cruciate Ligament
The anterior cruciate ligament (ACL) resists the 
anterior displacement and internal rotation of the 
tibia. The ACL originates from medial aspect of 
the lateral femoral condyle and inserts onto the 
anterior intercondylar fossa between the anterior 
horn of medial meniscus and lateral meniscus. The 
length of the ACL is approximately 31–35 mm and 
the width of the midsubstance is an average of 
11 mm (7–13 mm). The width of the femoral and 
tibial insertion area is wider than the middle por-
tion of the midsubstance. The femoral insertion 
area is an elliptical shape with an average length of 
18  mm (12–20  mm) and a width of 10  mm 
(5–13 mm) on average. That is located in immedi-
ately behind the lateral intercondylar bridge called 
the resident’s ridge and parallel to the anterior 
margin of the posterior condylar articular surface. 
The tibial insertional area has a roughly oval to 
triangular shape with an average length of 18 mm 
(15–20  mm), the width of 10  mm on average, 
mainly inserted to the lateral slope of the medial 
tibial spine [22] (Fig. 1.13a). The tibial insertional 
area is wider and stronger than the femoral side. 
Although the ACL is structurally difficult to dis-
criminate into two or three bundles, it is function-
ally divided into anteromedial and a posterolateral 
bundle depending on the location of the femoral 
and tibial attachment. In the femoral attachment, 
the anteromedial bundle inserts to the posterosu-
perior area and the posterolateral bundle to the 
anteroinferior area based on the lateral bifurcate 
ridge. The anteromedial bundle becomes tense 
when the knee joint flexes to 90 degrees, and the 
posterolateral bundle becomes tense when the 
knee joint extends [23] (Fig. 1.13b). According to 
a recent anatomical study, the femoral insertion of 
the ACL has a direct insertion attached to the lat-
eral intercondylar posterior ridge which is an 
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a

b

Fig. 1.12 Posterior 
aspect of the knee joint. 
(a) Surface anatomy. 
The popliteus fossa is a 
rhomboid shaped space 
that bounded with 
hamstrings and 
gastrocnemius muscles, 
(b) boundary of the 
popliteal fossa and its 
contained neurovascular 
structures
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Fig. 1.13 Cruciate ligaments. (a) The dimension of bony 
insertion site of the anterior (ACL) and posterior (PCL) 
cruciate ligament, (b) ACL in extension and flexion. In 
extension position, posterolateral bundle (C–D) is taut. In 

flexion position, anteromedial bundle (A–B) becomes 
tight, (c) PCL in extension and flexion. In extension posi-
tion, anterolateral bundle (C–D) becomes loose. In flexion 
position, anterolateral bundle (C–D) becomes tight

a

b
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extension of the posterior cortical line of the femur 
shaft and indirect insertions attached thinly to the 
behind of the direct insertion [24]. Direct insertion 
attaches firmly and is more important for the ante-
rior stability of the knee joint. The ACL from the 
femoral attachment to the midportion is not a 
round cylinderical shape, but a thin, flat ribbon like 
appearance [25].

1.1.6.3  Posterior Cruciate Ligament
The posterior cruciate ligament (PCL) is a primary 
restraint to posterior displacement of the knee 
joint. The PCL originates the lateral aspect of the 
medial femoral condyle which runs distally toward 
the tibia. The length of the PCL is about 32–38 mm 
and the width of the middle part is about 13 mm. 
The cross-sectional area of the PCL femoral inser-
tion is about three times wider than the middle 
part. The femoral attachment is semi- lunar shaped 
and is located clockwise between 12:00 and 
5:00 p.m. (right knee) and the anterior boundary is 
located approximately 3–5  mm backward of the 
articular margin (Fig.  1.12b). The length of the 

anteroposterior axis of the femoral attachment is 
about 32 mm, and the cross- sectional area varies 
from about 125–200 mm2. The tibial attachment of 
the PCL has rectangular or trapezoidal shape. The 
PCL inserts to posterior intercondylar fossa 
located 1–1.5  cm below the posterior articular 
margin. The anteroposterior dimension has a 
length of about 14–16  mm and a mediolateral 
dimension has about 10–16  mm in length [22] 
(Fig. 1.13a). The fibers of the PCL located on the 
medial side of the tibial attachment insert to the 
posterior aspect of the femoral origin, and the lat-
eral fibers of the tibial attachment insert to the 
anterior aspect. Depending on this arrangement, 
the PCL is functionally divided into an anterolat-
eral and posteromedial bundle (Fig. 1.13c).

1.1.7  Blood Supply

Blood supply to the knee joint is from the arter-
ies branching out from the femoral and the pop-
liteal artery (Fig.  1.14a). The descending 

c

Fig. 1.13 (continued)
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Fig. 1.14 Blood supply of the knee joint. (a) Branches of the popliteal artery, (b) peripatellar arterial networks, (c) 
middle genicular artery supplies to the intraarticular structures

a

b
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genicular artery is branched from the femoral 
artery in the proximal part of the adductor canal 
and gives off the saphenous branch, the articular 
branch, and the deep oblique branch [26]. The 
saphenous branch travels distally with the saphe-
nous nerve and veins and passes over the sarto-
rius and anastomoses with the inferior medial 
genicular artery in the medial aspect of the 
patella tendon. The articular branch travels dis-
tally through the vastus medialis and anastomo-
ses with the lateral superior genicular artery to 
form a peripatellar network (Fig.  1.14b). The 
popliteal artery exits from Hunter’s canals and 
enters the popliteal fossa and is divided into the 
anterior and posterior tibial arteries in the lower 
part of the popliteal fossa. The popliteal artery 
gives off numerous muscle branches and five 
articular branches (the superior lateral and 
medial genicular arteries, the middle genicular 
artery, the inferior lateral and medial genicular 
arteries). The middle genicular artery branches 
off at the front of the popliteal artery and enters 
the joint through the posterior joint capsule and 
the posterior oblique ligament (Fig. 1.14c). The 
middle genicular artery supplies in the intraar-
ticular structures such as the ACL, the PCL, the 
posterior horn of both menisci, and the synovial 
membrane [27]. The anterior arterial anastomo-
sis of the knee joint compose of the superior and 

inferior genicular artery, branches of the 
descending genicular artery, descending branch 
of the lateral femoral circumflex artery and 
recurrent branch of the anterior tibial artery. This 
anastomosis forms a vascular loop around the 
patella, and more than 10 nutrient arteries arise 
at the lower pole of the patella, penetrate and run 
forward through the anterior surface of the 
patella [28]. The medial retinaculum is mainly 
supplied by the descending genicular artery and 
the lateral retinaculum is supplied by the lateral 
anastomosis formed by the superior and inferior 
lateral genicular arteries. The blood supply of 
the patella tendon is from the medial anastomo-
sis formed by the inferior medial genicular artery 
and the descending genicular artery on the 
medial side, whereas on the lateral side, the lat-
eral genicular arteries and the recurrent branch 
of the anterior tibial artery supplies.

1.1.8  Nerve Innervation

The anterior aspect of the knee joint is inner-
vated by the articular branches of the femoral 
nerve, the common peroneal nerve, and the 
saphenous nerve [29]. The posterior aspect of 
the knee joint is innervated by the articular 
branch of the tibial nerve and the posterior 
articular branch of the obturator nerve. The 
nerve that innervates the ligaments and the joint 
capsule in anterior aspect of the proximal knee 
joint is branched from the nerves that innervate 
the quadriceps. The largest nerve branch is 
branched from the nerves that supply the vastus 
medialis, and it innervates the anteromedial 
joint capsule [30] (Fig. 1.15a). In the anterolat-
eral area, branches from the nerves supplied in 
the vastus lateralis innervate the superolateral 
capsule. The saphenous nerve is branched from 
the posterior division of the femoral nerve and 
divides into the sartorial branch and the infrapa-
tellar branch at the distal end of the adductor 
canal [31]. In particular, the infrapatella branch 
traverses the sartorius and superficially pene-
trates the deep fascia of the medial knee joint 
between the sartorius and the gracilis muscle to 
form a patella plexus (Fig. 1.15b). It innervates 

c

Fig. 1.14 (continued)
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a

b

Fig. 1.15 Nerve 
innervation of the knee 
joint. (a) Superficial nerve 
innervation in the anterior 
aspect of the knee joint, 
(b) saphenous nerve and 
its infrapatellar branch, (c) 
common peroneal nerve 
and its branch, (d) tibial 
and common peroneal 
nerve
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Fig. 1.15 (continued)
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to the anteromedial capsule, the patella tendon, 
and skin anteromedially. The common peroneal 
nerve runs distally along the inner side of the 
biceps femoris tendon in the popliteal fossa and 
passes between the biceps femoris tendon and 
the lateral head of the gastrocnemius and con-
tinues distally posterior to the fibula head. It 
winds superficially over the lateral side of the 
fibula neck before penetrating the peroneus lon-
gus and then divides into the superficial pero-
neal nerve and the deep peroneal nerve 
(Fig.  1.15c). The superficial peroneal nerve 
branches off the lateral sural cutaneous nerve 
and the small branch that innervates to the skin 
over the anterolateral aspect of the proximal 
part of the lower leg. The deep peroneal nerve 
branches off two articular branches, which are 
the lateral articular nerve and the recurrent 
peroneal nerve [32]. The lateral articular nerve 
arising at the level of the joint line innervates 
the inferior lateral capsule and the LCL.  The 
recurrent peroneal nerve arising from more dis-
tal area ascends the anterior aspect of the tibia 
and innervates the anterolateral side of the 
joint. The tibial nerve arises from the sciatic 
nerve and lies in the fat tissue beneath the deep 
fascia in the popliteal fossa and runs distally 
between the two heads of the gastrocnemius 
(Fig.  1.15d). Muscular branches innervate the 
both heads of the gastrocnemius, the plantaris, 
the soleus, and the popliteus muscles. The cuta-
neous branch runs distally on the surface of the 
gastrocnemius as medial sural cutaneous nerve. 
The tibial nerve has several joint branches. 
Among them, the largest and most consistent 
branch is the posterior articular nerve which 
courses laterally and winds around the popliteal 
vessels to form the popliteal plexus. This nerve 
innervates in the posterior and perimeniscal 
capsule and the synovial covering of the cruci-
ate ligaments. The terminal branch of the poste-
rior division of the obturator nerve follows the 
course of the femoral artery into popliteal fossa 
and forms the popliteal plexus and innervates to 
the posterior capsule and menisci.

1.2  Alignment 
and Biomechanics 
of the Knee Joint

1.2.1  Normal Knee Alignment

The alignment status of the knee joint can be 
evaluated with the full-length radiograph of the 
lower extremity taken with the patella facing for-
ward. The ideal alignment of the lower limbs is 
that the load-bearing axis is located at the center 
of the knee joint. When viewed from the front, 
the deviation of the weight-bearing axis from the 
center of the knee joint to the medial or lateral 
side is referred to as a varus or valgus deformity, 
respectively (Fig. 1.16). Similarly, when viewed 
from the lateral side, if it deviates to the anterior 
or posterior side, flexion deformity or recurvatum 
deformity occurs, respectively. These malalign-
ments may have no symptoms in children, but in 
older people, the joints are overloaded and the 
joint surface wears out due to excessive friction, 
leading to the development of arthritis.

The hip–knee–ankle (HKA) angle is used to 
describe the coronal alignment between the 
femoral and tibial mechanical axis. In the neu-
tral position, the HKA angle is 0 degrees, and 
when the value is negative, it means varus, and 
if positive, it means valgus deformity. The 
evaluation of the patellar alignment can be 
done with a Q angle, which is measured in the 
supine position with the knees in full exten-
sion. On normal knees, the Q angle is about 11 
degrees on average for men and 14 degrees on 
average for women [33] (Fig. 1.17). The poste-
rior slope of the tibial plateau and the posterior 
offset of the tibia and femoral condyles allow 
the knee to flex up to 160 degrees. The central 
axis of flexion and extension movement of the 
knee joint is known to be similar to the tran-
sepicondylar axis (TEA). During the move-
ment, the tibia rotates about 30 degrees around 
the posteromedial portion of the tibial plateau, 
and the patella rotates almost parallel to the 
TEA [34].
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1.2.1.1  Alignment in Coronal Plane
Alignment in the coronal plane is mainly assessed 
using weight-bearing radiographs. The line con-
necting the center of the femur head to the center 
of the ankle joint is called the axis of the weight 
bearing. The mechanical axis of the femur is the 
line connecting the center of the femur head and 
the center of the knee joint, and the mechanical 
axis of the tibia is the line connecting the center 
of the tibial spine and the center of the talus. 
Neutral alignment refers to the mechanical axis 
of the femur and tibia appearing as a single line. 
However, even in asymptomatic adults, the HKA 
angle shows mild negative degrees. According to 
the report, in normal Koreans, the HKA angle is 
about 3 degrees varus state, the angle between the 
tibial joint surface and the mechanical axis is 
about 4 degrees, and the angle between the femo-

ral joint surface and the mechanical axis is about 
3 degrees valgus state [35]. These coronal angles 
of lower limb alignment are reported differently 
depending on gender, age, and presence of joint 
disease.

A line connecting the mid-diaphyseal point at 
proximal one-third and two-thirds of the femoral 
shaft is called the anatomical axis of the femur, 
and a line connecting the mid-diaphyseal point at 
proximal one-third and two-thirds of the tibial 
shaft is called the anatomical axis of the tibia. In 
the femur, the angle between the mechanical axis 
and the anatomical axis is about 6 degrees (4–7 
degrees). However, the mechanical axis of the 
tibia coincides with the anatomical axis. In the 
“at attention” standing position, the angle 
between the midline of the body and the mechan-
ical axis of the lower extremity is form an angle 

a b cFig. 1.16 Alignment of 
the lower limb. (a) 
Varus, (b) neutral, (c) 
valgus
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about 3 degrees. As a result, the angle between 
the axis of the body weight and the anatomical 
axis of the femur is 7–10 degrees [36, 37]. 
Meanwhile, since the tibial plateau is 3 degrees 
varus to the mechanical axis, the axis of body 
weight is perpendicular to the tibial plateau.

1.2.1.2  Alignment in Sagittal Plane
The mechanical axis in the sagittal plane is the 
line passing from the center of the femoral head 
to the center of the ankle joint. The criterion for 
distal femur alignment on the sagittal plane can-
not be clearly defined because the distal femur 
consists of a round condyle. However, there are 
two methods to measure the angle between the 

femoral condyle and the anatomical axis of the 
femur on the sagittal plane. The first method is to 
measure the posterior distal femoral angle 
(PDFA), an angle between the femoral anatomi-
cal axis and the femoral articular marginal line 
which connecting the anterior and posterior mar-
gins of the condyle, which is reported to be 
approximately 83 degrees. The second method is 
to measure the angle between the Blumensaat’s 
line and the anatomical axis of the distal femur, 
and this angle has been reported on average about 
37.5 degrees [38]. The sagittal alignment of the 
tibia is defined as the angle formed by the articu-
lar surface of tibial plateau and the tibial mechan-
ical axis, which inclined backward about 8.4 
degrees [39].

1.2.1.3  Alignment of the Patella
The patellar alignment is defined as the Q angle, 
the angle formed by the action line of the quadri-
ceps muscle and the patellar tendon. This is the 
acute angle formed by the line connecting the 
ASIS to the center of the patella and the line con-
necting the center of the patella to the tibial 
tuberosity. One of the causes of the patellar 
malalignment is due to the various locations of 
the tibial tuberosity, which can show an average 
9  ±  4 degrees lateral deviation in the median 
plane of the tibia. The Q angle increases in the 
valgus knee, and the sum of forces directs the 
patella outward. On the other hand, in the varus 
state, the Q angle becomes smaller and the patella 
is directed inward.

Patellar axial radiograph, computed tomogra-
phy, and magnetic resonance imaging are mainly 
used for evaluation of the patellar rotational 
alignment. Since patellar axial radiographs do 
not have a reference line, it is recommended to 
evaluate the rotational alignment of the patella 
based on TEA in computer tomography or mag-
netic resonance imaging [40].

1.2.1.4  Malalignment
If the knee alignment described above is not 
within the normal range, it is called the malalign-
ment, which causes pain of the knee joint and the 
arthritic changes. In normal knees, the medial 
compartment of the knee is responsible for 60% 

Fig. 1.17 Q-angle is measured by drawing a line between 
the center of the patella and the anterior-superior iliac 
spine and a second line between the center of the patella 
and the center of the tibial tubercle
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of the weight load, and the rest in the lateral com-
partment. The varus alignment causes overload 
of the medial compartment, whereas the valgus 
alignment causes overload of the lateral compart-
ment. And this overload accelerates the defor-
mity of the compartment. In patients with the 
varus deformity, the medial femoral and the tibial 
condyle can be expected to reduce the amount of 
cartilage and increase bone denuding. Therefore, 
when a surgical treatment is considered in 
patients with the cartilage damage of the knee 
joint, the alignment status of the knee joint should 
be evaluated first, and realignment osteotomy 
should be considered together with the cartilage 
restoration procedures.

1.2.2  Biomechanics

The tibiofemoral joint of the knee is a modified 
hinged joint, capable of three translational 
(medial-lateral, anterior-posterior, proximal- 
distal) and three rotational motions (flexion- 
extension, internal rotation-external rotation, 
varus-valgus) by the anatomical structures such 
as the joint capsule, surrounding muscles, and 
ligaments. The stability of the knee joint changes 
its mechanism according to the posture. When 
the knee is fully extended, the collateral liga-
ments and the cruciate ligaments are taut, and the 
anterior portion of the meniscus is locked 
between the tibia and the femoral condyle to 
maintain stability. At the beginning of the flexion, 
the contraction of the popliteus muscle makes the 
external rotation of the femur, and the internal 
rotation of the tibia (approximately 15 degrees) is 
unlocking the knee joint [41]. The meniscus is 
locked on the articular surface during full exten-
sion, but it is moved backward during flexion, 
which is more prominent in the lateral meniscus 
than in the medial meniscus [42]. The rollback 
movement of the femur to the tibia occurs mainly 
during the first 20 degrees of flexion, after which 
the sliding occurs mainly. And during flexion, the 
femoral condylar rolling movement is mostly 
occurred in the lateral side.

The medial femoral condyle has an anatomi-
cal characteristic that the anterior-posterior 

length of the articular surface is longer than the 
lateral femoral condyle. So, when the knee joint 
extends from the flexion position, even if the lat-
eral femoral condyle and tibial joint surface reach 
the full extension position, the anterior joint sur-
face of the medial femoral condyle does not reach 
the full extension position and remain slightly 
more likely to exercise. Therefore, at 20 degrees 
before the medial compartment is fully extended, 
the tibia has an external rotational motion com-
pared to the lateral femoral condyle. This rota-
tional movement is called a screw-home 
movement, which occurs about 15 degrees dur-
ing full extension [43].

The contact point of the articular surface of 
the patellofemoral joint is complex and dynamic. 
In the extended state, the patella and the trochlear 
groove do not have a contact surface. As the flex-
ion progresses, the contact surface moves from 
distal to the proximal part of the patella, and 
when the 120-degree flexion reaches, the contact 
area of the patella is the far medial and lateral 
side of the joint surface. At full flexion, the odd 
facet is the only articulating contact between the 
patella and the medial femoral condyle [44].

1.2.2.1  Femur-Tibia Joint Biomechanics
To understand the movement of the tibiofemoral 
joint, the shape of the bone should be consid-
ered first. On the articular surface of the femur, 
the medial condyle is longer than the lateral 
condyle, whereas the lateral condyle is wider 
than the medial condyle. On flexion 90 degrees, 
when viewed from the front, the long axis of the 
lateral condyle is almost parallel to the anterior–
posterior axis, but the long axis of the medial 
condyle is approximately 22 degrees incline. 
Therefore, the lateral condyle appears longer on 
the lateral radiograph. When viewed from the 
side, the medial femoral condyle has a curve of 
round shape with a similar radius length at the 
anterior and posterior, while the lateral femoral 
condyle has a curve of increasing radius toward 
the posterior.

The knee joint is a kind of hinge joint, but the 
movement is not only a simple flexion–extension 
movement, but also a combined movement 
accompanied by a rotation of the tibia against the 
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femur. The basic mechanism of flexion–exten-
sion movement of the knee joint is a combination 
of rolling and sliding movements of the femur 
against the tibial joint surface (Fig. 1.18). Rolling 
is the same movement as a hoop rolls a plane, and 
the transverse axis of the rotation moves horizon-
tally. Sliding, on the other hand, is the movement 
in which the hoop rotates while constantly con-
tacting a fixed point of the plane, and the horizon-
tal axis of the rotation is fixed. If rolling occurs 
only, the femoral condyle can roll-off from the 
tibial plateau before the maximum flexion of the 
knee joint occurs, and if only sliding occurs, the 
femoral condyle may bump into the tibia. 
Therefore, the maximum flexion of the knee joint 
is possible only when rolling and sliding are 
combined. The flexion–extension movement of 
the normal knee joint usually involves rolling at 
the first 20 degrees of flexion, but then at the next 
20 to 90 degrees of flexion, sliding occurs mainly. 
Rolling and sliding occur at a ratio of 1:2 in the 
beginning of flexion, and at a ratio of 1:4 in the 
end of flexion. Thus, the transverse axis of the 
flexion–extension (the center of rotation) is not 
fixed but moves constantly to draw a “J”-shaped 
curve (Fig. 1.19).

The screw-home movement rotates the tibia 
externally in a knee extension, resulting in tighter 
anterior and posterior cruciate ligament, contrib-
uting to the stability of the knee joint (Fig. 1.20). 
The opposite rotational motion occurs when 
starting flexion at the fully extended position. 
The internal rotational movement of the tibia dur-
ing the initial flexion is achieved by the contrac-
tion of the popliteus muscle. When the knee joint 
flexes 0 to 120 degrees, the tibia rotates averages 
29.2 degrees based on the femur. Also, while the 
knee joint is flexed, the center of rotation moves 
from the distal condyle of the femur to the poste-
rior condyle, and especially, the movement of 
this center is evident in the lateral compartment 
of the knee.

The movement of the center during the flexion 
of the knee joint occurs in harmony with the ana-
tomical structure of the tibial plateau. The lateral 
side of the plateau is the shape of a convex horse 
saddle, while the medial side is the shape of a 
concave dish. This results in less anterior–poste-
rior translation in the medial compartment than 
the lateral compartment. Therefore, during nor-
mal knee flexion from 0 to 120 degrees, posterior 
femoral rollback occurs mainly on the lateral side 
and rarely on the medial side. This medial pivot 
movement results in an asymmetric femoral pos-
terior translation. When flexion over 120 degrees, 
the femoral posterior translation causes flexion 
on the lateral side without the condylar contact. 
And at over 150 degrees, the lateral femoral con-
dyle becomes subluxation toward the posterior 
side of the tibia. Although there is no such femo-
ral posterior translation from the medial side, the 
offset of the posterior femoral condyle helps the 
deep knee flexion [45].

1.2.2.2  Patellofemoral Joint 
Biomechanics

The quadriceps is attached to the proximal part of 
the patella and serves to transmit the force around 
the femur to the patellar tendon and the tibial 
tubercle without friction. The most important 
function of the patella is the role of the pulley 
mechanism that increases the efficiency of the 
quadriceps by increasing the lever arm of the 
extensor mechanism. Since the patellar tendon is 
positioned more forward than the tibiofemoral 
joint as much as the thickness of the patellar 
bone, the efficiency of the extensor mechanism 
of the knee joint can be increased by lengthening 
the lever arm of the quadriceps.

In order to explain the dynamics of the patel-
lofemoral joint, it is necessary to understand the 
direction of force of the quadriceps muscle, the 
direction of the patellar tendon movement, and 
the patellofemoral joint reaction force. Q angle is 
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b

Fig. 1.18 Rolling and gliding movement. (a) Rolling occurs only, (b) gliding occurs only, (c) when rolling and gliding 
are combined
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Fig. 1.19 Instant 
centers of rotation draw 
“J” shape during 
flexion–extension 
movement

Fig. 1.20 Screw-home movement. The tibia rotates externally in the terminal extension of the knee joint. As the result, 
the tibial tubercle locates lateral to the center of the patella in full extension position
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the angle formed by the longitudinal axis of the 
quadriceps and the longitudinal axis of the patel-
lar tendon. When a force is applied by the exten-
sor mechanism (the quadriceps femoris, the 
patellar tendon), the Q angle creates a valgus 
force on the patellofemoral joint. These valgus 
forces generate a compressive force of the patella 
against the femoral condyle, and the pressure 
increases as the flexion angle of the knee joint 
increases.

The patellofemoral joint reaction force 
(PFJRF) is expressed as a vector sum of the quad-
riceps force (Fq) and the patellar tendon force 
(Fp) (Fig. 1.21). When the knee joint flexes, the 
flexion moment arm increases, and the angle 
formed by the direction of each force of the quad-
riceps and the patellar tendon decreases, so the 
PFJRF increases. The PFJRF at rest is 1.5 times 
the weight in the 30-degree flexion of the knee 
joint and 6 times the weight in the 90-degree flex-
ion. The PFJRF when walking on a flat land is 0.5 
times the weight, 3.3 times the weight when 
walking up and down stairs, and 7.8 times the 
weight when squatting [46]. A strong quadriceps 
force is required for full extension because the 
moment arm sharply decreased in the 20-degree 
flexion from full extension [47]. Therefore, in the 
case of patients with anterior knee pain due to the 
patellofemoral joint problem, the knee extension 
exercise against resistance or the terminal exten-
sion exercise should be restricted. In addition, a 
straight leg raise exercise or short-arc isotonic 
exercise is recommended for quadriceps rehabili-
tation, which does not exacerbate symptoms.

The patella does not contact the trochlear 
groove in the fully extended state of the knee joint, 
and when the 30 degrees flexion, the distal portion 
of the patella begins to contact the proximal por-
tion of the trochlear groove. As the knee joint 
flexes, the contact portion of the patella surface 
moves from the proximal to distal patella, and 
until 90 degrees, the contact surface is constantly 
increased to help lower the patellofemoral contact 
pressure (Fig. 1.22). Knee flexion over 90 degrees 
causes the quadriceps tendon to contact with the 
femoral condyle and the tendo-femoral contact 
surface is formed to lower the patellofemoral 
 contact pressure. The average patellofemoral con-
tact pressure was 2.0  MPa at 20-degree flexion, 
2.4 MPa at 30-degree flexion, 4.1 MPa at 60-degree 
flexion, and 4.4  MPa at 90-degree flexion, and 
decreased to 3.5 MPa at 120-degree flexion [48].

Fig. 1.21 The patellofemoral joint reaction force (R) is 
vector sum of the quadriceps force (Fq) and the patellar 
tendon force (Fp)
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Abstract

Articular cartilage is a tissue that forms the 
surface of the joint, which reduces friction 
during the lifetime and enables the synovial 
joint to perform the painless joint movement. 
Articular cartilage consists of a rich matrix 
and specially differentiated chondrocytes 
sparsely distributed between them. The articu-
lar cartilage matrix protects chondrocytes 
from damage that may occur due to normal 
joint movement, provides elasticity to the 
joints, provides a lubrication system for low- 
friction movements between the synovial fluid 
and the cartilage, and regulates the movement 
of matrix macromolecules throughout life. 
However, with age, chondrocytes gradually 
lose their ability, and given repeated damage, 
cartilage dysfunction eventually leads to 
osteoarthritis. The meniscus is two crescent- 
shaped fibrocartilage structures between the 
femoral condyle and tibial plateau. The menis-
cus is the primary stabilizing structure of the 
knee joint having important functions such as 

load transmission, absorb shock, joint stability 
and lubrication. The inner two-third of the 
meniscus is a relatively avascular structure 
and is not well recover when torn. Since only 
the peripheral part of the meniscus has the 
ability to heal, the location of the tear is the 
most important factor in restoring the torn 
meniscus. However, in order to overcome this, 
several studies are being conducted that can 
improve the healing potential in the torn 
meniscus.

Keywords
Articular cartilage · Chondrocyte · Synovial 
fluid · Lubrication · Matrix macromolecules 
Meniscus · Fibrocartilage · Load transmission 
Absorb shock

2.1  Articular Cartilage

2.1.1  Structure and Composition

Articular cartilage, unlike most other tissues, is a 
tissue without blood vessels, nerves, and lymph 
nodes. The color is white pearlescent, glossy, and 
elastic, 2–4 mm thick on average and has a flat 
surface. Articular cartilage consists of sparsely 
distributed, highly specialized chondrocytes and 
a broadly distributed extracellular matrix. The 
extracellular matrix consists mainly of water, 
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proteoglycans, collagens, non-collagenous pro-
teins and glycoproteins, which provide the physi-
cal and mechanical properties of articular 
cartilage. These components have a unique and 
complex structure, which gives the articular 
cartilage- specific mechanical properties.

2.1.1.1  Chondrocytes
Chondrocytes are derived from mesenchymal 
stem cells and occupy about 1% of adult articular 
cartilage [1]. Although size, shape, and metabolic 
activity vary depending on the type or zone in 
which chondrocytes are located, all chondrocytes 
have organelles such as endoplasmic retinaculum 
and Golgi apparatus, which are essential for 
matrix synthesis [2]. It also has the intracytoplas-
mic filaments, glycogen, lipid, and secretory 
vesicles needed to maintain the matrix structure 
[3]. Synthesis of proteoglycan occurs in ribo-
somes and Golgi bodies, but collagen synthesis 
mainly occurs in the rough endoplasmic reticu-
lum. Chondrocytes in the superficial zone are 
thin and elongated in shape similar to fibroblasts, 
while cells in the middle zone are rounded and 
have metabolic activity, and cells in the deep 
zone show a radial pattern, and cells under the 
tidemark become smaller and less functional [4]. 
Chondrocytes are responsible for creating and 
maintaining articular cartilage. Chondrocytes 
increase the amount of matrix during the growth 
phase and maintain the amount of matrix after 
growth. That is, chondrocytes are responsible for 
the maintenance and structural competence of 
collagen and proteoglycan by synthesizing and 
substituting appropriate amounts of macromole-
cules and combining them with a highly ordered 
macromolecular framework [3]. Aging signifi-
cantly changes the function of the chondrocyte. 
As aging progresses, the ability to synthesize 
proteoglycans, the ability of cells to proliferate, 
and the degree of response to anabolic stimuli 
decrease [5–7]. These changes eventually lead to 
degenerative changes in the articular cartilage.

2.1.1.2  Extracellular Matrix
The extracellular matrix consists mainly of tissue 
fluid and structural macromolecules, with varying 
contents and distributions depending on joint area 

and age [8, 9]. The interaction of these two com-
ponents determines the mechanical properties 
such as stiffness and resilience. The most com-
mon component of a normal articular cartilage 
matrix is water, which accounts for 65–80% of the 
total weight of articular cartilage [10]. One-third 
of the water component in the cartilage is in the 
cell, and the rest is attached to the protein in the 
extracellular matrix. When a load is applied to the 
joint, water moves out of the tissue and acts as a 
lubrication system on the joint surface. In order to 
maintain the concentration of water and electro-
lyte in the tissue, the interaction of macromole-
cules, especially aggregating proteoglycan, and 
water is important. Because macromolecules have 
negative charges, they increase the concentration 
of cations such as sodium and decrease the con-
centration of anions such as chloride. Eventually, 
an increase in total inorganic ions concentration 
increases tissue osmotic pressure [3].

2.1.1.3  Structural Macromolecules
The rest of the matrix, except water, is a macro-
molecular framework consisting mainly of colla-
gens, proteoglycans, and non-collagenous 
proteins. It accounts for about 20–40% of the 
total weight of cartilage and has different contri-
butions to tissue properties [11]. That is, collagen 
fibrillar meshwork provides the cartilage with its 
form, tensile strength and shear force and also 
maintains the physical location of chondrocytes. 
Proteoglycans and non-collagenous proteins are 
either bound to the collagen fibrillar meshwork or 
are mechanically entrapped, and water fills the 
rest of the framework. Some of the non- 
collagenous proteins stabilize the macromolecu-
lar framework, while some help chondrocytes 
bind to matrix macromolecules [3].

Collagens
Collagen is the main fibrous protein component 
of articular cartilage, accounting for approxi-
mately 60% of the dry weight of articular car-
tilage, and is relatively evenly distributed over 
all zones except for the collagen-rich superficial 
zone. Articular cartilage contains several geneti-
cally different collagen types, including types II, 
VI, IX, X, and XI [12]. Type II collagen is the 
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main component of articular cartilage, account-
ing for 90–95% of the collagen that makes up the 
articular cartilage, and makes the main compo-
nent of the cross-banded fibrils. Type VI colla-
gen surrounds chondrocytes around the lacunae, 
forms an important part of the pericellular matrix, 
and serves to attach chondrocytes to the matrix 
[13]. Type IX collagen molecules are covalently 
bonded to the superficial zone of the cross- 
banded fibrils source by type II collagen and 
hydroxypyridinium, or they are introduced into 
the matrix to covalently bond with other type IX 
collagen molecules to form a collagen network, 
contributing to the stability of articular cartilage. 
Type XI collagen molecules makeup 3% of the 
articular cartilage collagen and are covalently 
bound to type II collagen molecules, forming 
part of the internal structure of the cross-banded 
fibrils. Type X collagen is only found in the calci-
fied cartilage zone of the articular cartilage and 
the hypertrophic zone of the growth plate, so it is 
believed to has a role in the calcification of car-
tilage [14].

Proteoglycans
Proteoglycan accounts for about 25–35% of the 
amount of dry weight of articular cartilage and 
functions to resist pressure and distribute loads. 
Proteoglycan is a structure in which several gly-
cosaminoglycans are attached to a core protein of 
a line, and glycosaminoglycan has a negative 
charge, so it has an affinity for cations (Fig. 2.1) 
[15]. Representative glycosaminoglycans include 
hyaluronic acid, chondroitin 4-sulfate, chondroi-
tin 6-sulfate, keratin sulfate, heparan sulfate and 
dermatan sulfate and each concentration varies 
depending on the site, age, cartilage damage, and 
disease [16]. Chondroitin sulfate is the most 
common glycosaminoglycan in articular carti-
lage, chondroitin 6-sulfate has a higher concen-
tration in mature cartilage, and chondroitin 
4-sulfate is more in immature cartilage. Keratan 
sulfate is more found in mature cartilage.

The main proteoglycans found in articular 
cartilage include aggrecan, biglycan, decorin, 
and fibromodulin. Type IX collagen has a glycos-
aminoglycan component and is therefore consid-
ered a proteoglycan. Aggrecan is composed of a 

core protein, more than 100 chondroitin sulfate 
chains, and 20–50 keratan sulfate chains and 
serves to resist strain caused by loads in articular 
cartilage. Decorin, biglycan and fibromodulin 
have one, two, and several dermatan sulfate 
chains, respectively [15]. Aggrecan molecules 
occupy most of the space between the fibrous 
sources of cartilage matrix, accounting for about 
90% of proteoglycan mass, whereas large nonag-
gregated proteoglycan accounts for less than 
about 10% and small nonaggregated proteogly-
can occupies about 3%.

The link protein stabilizes the linkage between 
hyaluronic acid and aggrecan [17]. The anchor 
proteoglycan helps to form aggregates in the 
matrix and prevents displacement when the tissue 
is deformed. By forming this complex structure, 
the proteoglycan cannot move freely within the 
articular cartilage matrix.

The small nonaggregated proteoglycan has a 
shorter core protein than aggrecan, and unlike 
aggrecan, it neither fills the part of the tissue nor 
directly engages in the mechanical properties of 
the tissue. Instead, it may combine with other 
macromolecules to affect cell function. Decorin 
and fibromodulin combine with type II collagen 
to stabilize and organize the type II collagen 
meshwork. Biglycans are concentrated in the 
pericellular matrix and are known to interact with 
type VI collagen. Lubricin, a lubricating glyco-

Fig. 2.1 Diagrammatic representation of the proteogly-
can. Proteoglycan is a structure in which several glycos-
aminoglycans are attached to a core protein of a line, and 
glycosaminoglycan has a negative charge, so it has an 
affinity for cations
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protein on the surface of articular cartilage, con-
tributes to low-friction properties and boundary 
lubrication of cartilage. Chondrocalcin has an 
affinity for hydroxyapatite and may be involved 
in the calcification of the articular cartilage 
matrix. In addition, these small proteoglycans 
can combine with the transforming growth fac-
tor- ß to limit the healing of cartilage and regulate 
the production of degrading enzymes.

Non-Collagenous Proteins 
and Glycoproteins
Non-collagenous proteins do not contribute to 
the mechanical properties of cartilage tissue and 
are known to affect cell function by attaching to 
other molecules. Some of these may help main-
tain and organize the macromolecular structure 
of the cartilage matrix. The collagen-binding 
chondrocyte surface protein, anchorin CII is 
thought to be a receptor that secures chondrocyte 
to matrix collagen fibrils and transmits pressure 
signals to chondrocytes. Cartilage oligomeric 
protein is mainly distributed in the territorial 
matrix and has the ability to bind to chondro-
cytes. Other non-collagenous proteins, such as 
fibronectin and tenascin, also appear in cartilage, 
but their functions are not yet known.

2.1.2  Zones of Articular Cartilage

Depending on its depth and the shape of the 
chondrocyte and matrix, the articular cartilage is 
be divided into four zones from the articular sur-
face to the subchondral bone: superficial zone, 
middle zone, deep zone and calcified cartilage 
zone (Fig.  2.2a, b). Although the boundary of 
each zone cannot be clearly distinguished, the 
shape and amount of chondrocytes in each zone, 
the diameter and arrangement of collagen fibrils, 
and the content of proteoglycan and water are dif-
ferent. In addition, the metabolic and biosyn-
thetic activity is also different for each zone.

2.1.2.1  Superficial Zone
The superficial zone has the thinnest thickness of 
the articular cartilage and has special mechanical 
and biological properties due to its unique struc-

ture and composition. This zone is made up of 
two collagen layers. The outermost layer cover-
ing the joint surface is a sheet of fine fibrils, with 
few polysaccharides and no cells. Beneath this 
outer layer, there are chondrocytes of a flat ellip-
soid shape similar to fibroblasts, arranged paral-
lel to the joint surface. Chondrocytes synthesize a 
matrix rich in collagen and low in proteoglycan 
relative to other cartilage zones. The collagen 
fibrils make “cartilage skin,” limiting the influx 
of harmful substances and the outflow of impor-
tant components. Dense mats made of collagen 
fibrils arranged parallel to the joint surface are 
known to not only increase tensile stiffness and 
strength but also act to resist the compressive 
forces generated by joint motion. Alteration of 
tissues denatures the mechanical properties of the 
tissues and contributes to the development of 
osteoarthritis [18]. The injury of the superficial 
zone releases substances that stimulate the 
immune or inflammatory response by denaturing 
the mechanical properties along with the struc-
ture of the articular cartilage.

2.1.2.2  Middle or Transitional Zone
The shape and matrix composition of middle 
zone are intermediate between the superficial 
zone and the deep zone. In general, the volume is 
several times larger than the superficial zone, and 
chondrocytes contain higher concentrations of 
biosynthetic organelles than the superficial zone. 
Chondrocytes have a more spheroidal shape, 
contain less water and collagen and contain more 
proteoglycan than the superficial zone matrix, 
and synthesize large-diameter collagen fibrils.

2.1.2.3  Deep or Radial Zone
Chondrocytes in the deep zone have a spheroidal 
shape and are mostly arranged in columns, and the 
cell volume is the lowest. Compared to other 
zones, the proteoglycan content is high, the water 
content is lowest, and the collagen fibrils have the 
largest diameter. Collagen fibrils pass through the 
tidemark and are also known to resist shear stress 
because they are arranged perpendicular to the 
joint surface. When observed with an optical 
microscope, a blue thin line of wave-shaped baso-
philic is observed between the deep zone and the 
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calcified cartilage layer, which is called the tide-
mark, which corresponds to the boundary between 
the non-calcified cartilage and the calcified carti-
lage, and the number of tidemark increases with 
age. The small gaps in the tidemark probably pro-
vide a pathway for the passage of nutrients [19].

2.1.2.4  Calcified Cartilage Zone
The calcified cartilage zone is located between 
the subchondral bone and the deep zone of the 
articular cartilage and is known to have low met-
abolic activity and little function. However, 
another study suggests that it affects the develop-
ment of osteoarthritis [20].

2.1.2.5  Matrix Regions
Depending on the distance from chondrocytes, 
the matrix regions can be divided into three 
regions, consisting of a pericellular matrix, a 
territorial matrix, and an interterritorial matrix 
from the side close to the cell [11]. In each 
region, the content of collagen, proteoglycan, 
and other substances constituting the matrix is 
different, and the diameter and composition of 
collagen fibrils are different. The pericellular 
matrix is a thin area that surrounds chondro-
cytes, consisting mainly of non-collagenous 
proteins such as proteoglycan and anchorin 
CII, with little collagen found. The territorial 

a

b

Fig. 2.2 General 
structure of articular 
cartilage. Depending on 
its depth and the shape 
of the chondrocyte and 
matrix, the articular 
cartilage is be divided 
into four zones from the 
articular surface to the 
subchondral bone: 
superficial zone, middle 
zone, deep zone and 
calcified cartilage zone 
(a) schematic, cross- 
sectional diagram. (b) 
histologic section (H & 
E staining ×300) 
Photograph courtesy 
from Professor Yang YI
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matrix is the area surrounding the pericellular 
matrix, where thin collagen forms a cross-net-
work. The pericellular matrix and territorial 
matrix attach the macromolecules of the matrix 
to chondrocytes, prevent damage to chondro-
cytes when a load is applied to the cartilage tis-
sue, and also act to transmit mechanical signals 
to chondrocytes when the matrix is deformed. 
The interterritorial matrix refers to the area 
between the territorial matrices, has large col-
lagens and a large amount of proteoglycans, 
and is responsible for most of the mechanical 
properties of cartilage tissue.

2.1.3  Metabolism

Chondrocytes produce collagen fibrils, hyal-
uronic acid and proteoglycans, and at the same 
time release proteases and protease inhibitors 
to maintain articular cartilage and maintain 
homeostasis of the matrix. Chondrocytes are 
affected by changes in growth factors, cytokine 
and mechanical load, and cartilage growth fac-
tors such as IGF-1 (insulin-like growth fac-
tor-1), TGF-β (transforming growth factor-β), 
and bFGF (basic fibroblast growth factor) stim-
ulate matrix production to form aggrecan and 
collagen fibrils to maintain normal joints [21]. 
IGF-1 is a substance that stimulates mitosis of 
chondrocyte and matrix production. As age 
increases, plasma concentrations decrease, and 
the response of IGF-1 to chondrocyte decreases, 
leading to a decrease in the ability to maintain 
articular cartilage. TGF-β inhibits the degen-
eration of the matrix by  promoting the produc-
tion of proteoglycans and collagen fibrils, 
antagonizing the catabolic effect of IL-1 (inter-
leukin-1), and increasing the expression of 
TIMPs (tissue inhibitor of metalloproteinases) 
in chondrocytes. In addition, bFGF induces 
mitosis in chondrocytes and acts in the early 
stages of recovery in the event of damage to the 
superficial zone of cartilage. Degeneration of 
proteoglycan is caused by mononuclear cells in 

the synovial membrane or the formation of col-
lagenase, protease, and PGE2 (Prostaglandin 
E2) by IL-1 produced by chondrocytes [5]. 
MMPs (Matrix metalloproteinases) are 
enzymes involved in the degeneration of matrix 
macromolecules in articular cartilage, includ-
ing collagenase, stromelysin, and gelatinase. 
MMPs are substances produced by chondro-
cytes, synovial fibroblasts, and infiltrated leu-
kocytes in response to inflammatory mediators, 
and their action is inhibited by TIMPs in vivo 
(Fig.  2.3). Proinflammatory cytokines affect-
ing articular cartilage include IL-1, TNF-α 
(tumor necrosis factor-alpha), and TNF-β 
(tumor necrosis factor- beta), and they degrade 
the matrix through various pathways. In chon-
drocytes, IL-1 mainly stimulates collagenase 
and stromelysin to inhibit the production of 
type II collagen fibrils and proteoglycans. 
Collagenase degrades native helical collagen 
fibrils, and stromelysin degrades the protein 
core of aggrecan. IL-1 is inhibited by TIMPs 
induced by TGF-β and TIMPs prevent matrix 
degradation. In addition, IL-1 inhibits the 
growth stimulation effect of TGF-β and also 
stimulates the production of PGE 2. TNF-α is a 
proinflammatory cytokine that has a matrix- 
degrading effect similar to IL-1 but has less 
effect on articular cartilage cells than IL-1. 
TNF-α and TNF-β induce collagenase and 
PGE2  in synovial cells. On the other hand, 
IL-4 inhibits the production of TNF-α and IL-1 
and PGE2, and the IL-6 group (IL-6, IL-11, 
and leukemia inhibitor factor) is known as an 
anti-inflammatory cytokines that protect carti-
lage by promoting the synthesis of TIMPs.

In normal joints, the degradation and synthesis 
of cartilage matrix by chondrocytes is well coor-
dinated by cytokines, growth factors and mechan-
ical stimulation. If the balance of degradation and 
synthesis of the matrix is broken and anabolic 
activity is less than the catabolic activity, the local 
recovery response becomes insufficient, resulting 
in gradual loss of articular cartilage, eventually 
leading to degenerative arthritis.
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2.1.4  Biomechanical Function

Articular cartilage is subject to repetitive and 
periodic loads. Cartilage has a relatively large 
deformation and fatigue strength and also has 
high elasticity, so the resistance to the tensile 
force applied to the cartilage is mainly obtained 
by collagen, while the resistance to the compres-

sive force is a proteoglycan that regulates the 
amount and flow of water in the matrix. The 
superficial zone at the outermost part of the artic-
ular cartilage is resistant to shearing force.

The cartilage reacts differently depending on 
the speed of the load applied. If the load is applied 
to the joint for only a short time, the articular car-
tilage reacts like an elastic solid, returning to its 

Fig. 2.3 Matrix metalloproteinases, including collage-
nase, stromelysin, and gelatinase, are involved in the 
degeneration of matrix macromolecules in articular carti-

lage. TIMP tissue inhibitor metalloproteinase, GAG 
glycosaminoglycan
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original shape, and deformed for a while until the 
load disappears, and then returns to its original 
shape. On the other hand, if the load is slowly 
applied to the joint for a long time, the articular 
cartilage reacts like a viscoelastic solid and com-
presses as the extracellular matrix slowly deforms 
(creep phenomenon), and at this time, the water 
in the gap in the matrix escapes into the joint cav-
ity. That is, the biomechanical properties of artic-
ular cartilage are biphasic and consist of a solid 
phase and a fluid phase. In addition, articular car-
tilage has a viscoelastic property and shows 
biphasic creep response and biphasic stress relax-
ation response [22]. During this process, the 
charge density of the proteoglycans in the carti-
lage increases and adheres to each other, at this 
time, the charges inherent in the proteoglycans 
push each other away, and this force contributes 
to the cartilage returning to its original shape 
after the load on the cartilage disappears. During 
the load, the squeezed liquid was filtered by the 
collagenous network and contained little proteo-
glycan. That is, the water in the synovial fluid 
enters the interstices of the cartilage matrix again 
and is rehydrated to recover the shape of the car-
tilage. During this process, various nutrients in 
synovial fluid are introduced into the cartilage, 
and waste products in the cartilage matrix are dis-
charged into the synovial fluid, thereby providing 
the nutrient supply of chondrocytes.

The friction coefficient of articular cartilage is 
very low, 0.002 to 0.01, which is significantly 
lower than that of any artificial joint. Mechanisms 
that can lower the friction coefficient of cartilage 
include boundary lubrication and fluid film lubri-
cation. Boundary lubrication is the sliding of the 
cartilage surface by coating the cartilage surface 
with a micromolecular layer, involving chemicals 
in low shear strength joints such as lubricin and 
hyaluronate-protein complex, especially lubricin 
is a low-molecular glycoprotein that contains 
hyaluronic acid and glycoproteins and has a very 
important lubricating action [23].

The elasticity of cartilage is very high, and the 
modulus of elasticity is 108–106 dyne/cm2. The 
elastic modulus of the articular cartilage increases 
when the load is instantaneously applied in a 
short period of time but decreases when the load 

is slowly applied over a long period of time. In 
some cases, cartilage may completely lose elas-
ticity. That is, when a periodic load is applied or 
a constant load is continuously applied for a long 
time, the cartilage gradually damaged. Due to the 
different physical properties in response to vari-
ous loads, cartilage wear due to the compressive 
force and shear force generated during weight- 
bearing load can be reduced, and the joints can be 
preserved for a long time.

The tension depends on the location from the 
surface of the articular cartilage and is the stron-
gest in the superficial zone. The mechanical load 
has an important effect on the metabolism of 
chondrocytes. When joint motion is achieved 
under normal load, the production of matrix pro-
teoglycan is promoted. However, when the load 
is reduced, or the joint is fixed, the production of 
proteoglycan is reduced, and catabolism is pro-
moted and causes the chondromalacia. On the 
other hand, when subjected to an excessive load, 
chondrocytes stop producing matrix and undergo 
degenerative changes.

2.1.5  Articular Cartilage 
Degeneration 
and Osteoarthritis

In the event of degenerative changes or injuries to 
the cartilage tissue, intrinsic restoration reac-
tions, such as increased matrix synthesis and pro-
liferation of chondrocytes, are observed but are 
so insignificant that even a very small damage is 
insufficient to heal. Chondrocytes perform ana-
bolic and catabolic effects simultaneously and 
maintain the homeostasis of the extracellular 
matrix in the cartilage. Osteoarthritis is the case 
when the homeostasis is destroyed for any rea-
son, and catabolic activity occurs more than ana-
bolic activity. In osteoarthritis, there are several 
theories about changes in chondrocytes. There 
are theories that chondrocytes are  dedifferentiated 
and that chondrocytes further differentiate and 
turn into thickened chondrocytes similar to chon-
drocytes in the growth plate. There is also the 
theory that chondrocytes dedifferentiate into 
chondroprogenitor cells, but no theory is certain.
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In the early stage osteoarthritis, chondrocytes 
are activated, increasing the type II collagen syn-
thesis rate and proteoglycan, and consequently 
the extracellular matrix water. In addition, as the 
synthesis of most extracellular matrix molecules 
increases, the synthesis of degradative enzymes 
also increases, and cells are stimulated to divide. 
As osteoarthritis progresses, the response of 
chondrocytes decreases and degradative enzymes 
are continuously released, leading to the destruc-
tion of the extracellular matrix (Fig.  2.4). In 
osteoarthritis, various anabolic cytokines such as 
TGF, bone morphogenetic protein, and IGF-1 
stimulate synthesis, and catabolism by inflamma-
tory cytokines such as TNF-α and IL-1 occurs 
together. In the early stages of osteoarthritis, both 
synthesis and modification increase, and the syn-
thesis of catabolic and anabolic cytokines acti-
vates chondrocytes, but as osteoarthritis 
progresses, the balance of matrix synthesis and 
destruction is disrupted, and the loss of extracel-
lular matrix gradually increases. TNF-α and IL-1 
are mainly involved in the catabolism of the 
extracellular matrix, which strongly increases the 
expression of metalloproteinase to promote pro-

tein degradation and inhibit the biosynthesis of 
the cartilage matrix. Collagen degradative 
enzymes MMP13 and stromelysin are known to 
play important roles in the degradation of colla-
gen in osteoarthritis [24].

A significant amount of nitric oxide and nitric 
oxide synthase are synthesized in activated chon-
drocytes. The role of nitric oxide in osteoarthritis 
is not yet fully understood, but it is known to 
inhibit the synthesis of proteoglycan and is also 
involved in cell death. These growth factors and 
cytokines are produced by synovial cells, chon-
drocytes, and osteocytes that form joints. That is, 
osteoarthritis is an organ disease involving not 
only cartilage but also synovial and subchondral 
bones. In osteoarthritis, the balance between col-
lagen and aggrecan synthesis is broken because 
collagen type II synthesis is significantly 
increased compared to normal cartilage. In addi-
tion, type X collagen not found in normal adult 
cartilage is found in osteoarthritis. As a result, 
cartilage wear increases on the surface of the car-
tilage, and the tidemark rises due to the increase 
in ossification in the deep zone, and the thickness 
of the cartilage gradually decreases. Elasticity 

Fig. 2.4 Cells and 
various factors involved 
in the degradation of the 
matrix. As osteoarthritis 
progresses, the response 
of chondrocytes decreases 
and degradative enzymes 
are continuously released, 
leading to the destruction 
of the extracellular 
matrix. IL interleukin, 
TNF tumor necrosis 
factor, TH T helper
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decreases in the cartilage itself, and the force 
withstanding the physical load is weakened.

A number of factors have been suggested in 
relation to the pathogenesis of primary osteoar-
thritis, including aging, genetic predisposition, 
endocrine, and metabolic diseases, inflammatory 
and immunological disorders. Although the fre-
quency and prevalence of osteoarthritis increase 
rapidly after age 40, changes in chondrocytes and 
matrix due to aging are not the same as those 
caused by osteoarthritis. However, if the ability 
of chondrocytes to maintain and recover tissue is 
lost due to aging, the risk of joint degeneration 
increases. Recent studies strongly support the 
opinion that inflammatory active factors, mainly 
of the interleukin, are active substances that cause 
cartilage injury [25]. The cause of inflammation 
of the synovial membrane in osteoarthritis is not 
clear, but it is presumed to occur in substances 
secreted from injured cartilage.

2.1.6  Injury and Healing Response

The injury to the articular surface can be divided 
into contusion, articular cartilage injury, and 
osteochondral injury according to the type of 
injured tissue and the healing response.

2.1.6.1  Contusion
Excessive trauma or repetitive load of a single 
impact that does not cause any visual damage to 
the articular surface results in an abnormality of 
the cartilage matrix resulting in a decrease in 
proteoglycan, an increase in water content, and 
destruction of the collagenous network [26]. In 
addition, the contusion of the joint surface 
causes cell death of the chondrocyte and thick-
ens the tidemark. The chondrocytes recover the 
matrix even if limited by synthesizing new sub-
stances in response to changes in the surround-
ing cartilage matrix. However, if there is a lot of 
loss of the matrix, the elasticity of the matrix 
will be weakened, making joint damage easily 
caused by continuous loads. In addition, when 
the tidemark is thickened, the calcified cartilage 
zone is thickened, which increases the stiffness 

of the contact surface of the cartilage and bone 
and gradually precipitates degenerative changes 
in the articular cartilage.

2.1.6.2  Articular Cartilage Injury
Since cartilage tissue has no distribution of blood 
vessels and the ability of chondrocytes to regen-
erate is limited, there is little recovery of cartilage 
tissue if there is gross damage to the articular sur-
faces confined to the cartilage, and ultimately, 
articular cartilage injury can proceed to the calci-
fied cartilage zone. Chondrocytes proliferate in 
response to injury to the cartilage matrix and 
increase the synthesis of the cartilage matrix. 
However, it is not enough to fill the damaged 
parts [27]. In addition, chondrocytes are almost 
impossible to move on their own because they are 
trapped in a solid extracellular matrix, and since 
there are no blood vessels or lymphatic tissues, 
they cannot move to the injured site and compen-
sate for the cell deficit. The superficial zone of 
the cartilage is a very dense tissue that protects 
the cartilage matrix from inflammatory cells and 
enzymes in the joint. However, when a damaged 
cartilage fragment comes off, the cartilage is 
exposed to a deeper area, exacerbating the dam-
age to the cartilage matrix. It causes an inflam-
matory reaction of the synovial membrane, 
causing degenerative changes in the joint 
surface.

2.1.6.3  Osteochondral Injury
When an injury to the joint surface is applied to 
the bone and bleeding occurs in the subchondral 
bone, a fibrin clot is formed, and regeneration is 
caused by an inflammatory reaction. Immediately 
after injury, blood from the subchondral bone 
creates a hematoma and temporarily fills the 
damaged area, forming fibrin clots within the 
hematoma and freeing vasoactive mediators, 
growth factors, or cytokine from platelets [28]. 
These growth factors are known to promote the 
proliferation of blood vessels to the site of injury, 
induce undifferentiated cells into fibrin clots, and 
affect cell proliferation and synthesis. After about 
6 to 8 weeks after injury, cells similar to chondro-
cytes are observed at the site of cartilage damage, 
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a matrix composed of type II collagen and pro-
teoglycan, and immature bone and fibrous tissue 
are observed at the site of bone damage. The 
regenerated cartilage tissue shows an intermedi-
ate form of hyaline cartilage and fibrous cartilage 
and does not show the structure of normal articu-
lar cartilage. In most of the regenerated tissue, 
the amount of proteoglycan decreases throughout 
the year, collagen increases, and cells similar to 
chondrocytes gradually disappear. These changes 
reduce the physical strength and increase the per-
meability of cartilage tissue, causing degenera-
tive changes of cartilage by repeated loads.

2.1.7  Summary

Articular cartilage consists of highly specialized 
connective tissue. The main function of the artic-
ular cartilage is to provide a lubricated surface 
for smoothing the joints and to facilitate the 
transfer of loads with low coefficients of friction. 
Chondrocytes form a matrix macromolecular 
framework composed of collagens, proteogly-
cans, and non-collagenous proteins. The matrix 
protects chondrocytes from damage caused by 
normal joint movement and determines the shape 
and concentration of molecules that move into 
the cells. The mechanical properties of articular 
cartilage depend on the interaction of these fluids 
and solid components. Aging causes changes in 
matrix composition and chondrocyte activity. 
These changes increase the likelihood of carti-
lage degeneration. The unique and complex 
structure of articular cartilage makes the treat-
ment and recovery of cartilage challenge.

2.2  Meniscus

2.2.1  Gross Anatomy

The meniscus is a C-shaped or semi-circular 
fibrous cartilage structure located between the 
femoral condyle and tibial plateau and attached 
to the anterior and posterior area of the tibial pla-
teau, covering the outer 1/3–1/2 of the tibial artic-

ular surface. The length of each meniscus is about 
110  mm, and the thickness of the meniscus 
becomes thinner and thinner toward the center. 
The meniscus has important functions such as 
weight transfer, load distribution, cartilage pro-
tection, joint stability and lubrication.

2.2.1.1  Medial Meniscus
The medial meniscus is a ‘C’ type with a larger 
radius than the lateral one, and the width of the 
posterior horn is larger than that of the anterior 
horn (Fig.  2.5). The attachment of the anterior 
horn of the medial meniscus varies, which is clas-
sified into four types through anatomical studies 
[29]. Even though 14% of the cadaveric knees 
show no bony attachments, however, the anterior 
horn of the medial meniscus attaches firmly to 
the bone in most cases. The anterior horn of the 
medial meniscus is connected to the anterior horn 
of the lateral meniscus through the anterior inter-
meniscal ligament. The posterior horn of the 
medial meniscus is attached to the area between 
the medial tibial spine and the tibial insertion of 
the posterior cruciate ligament. The anterior horn 
of the medial meniscus had the widest area 
(61.4 mm2), and the posterior horn of the lateral 
meniscus had the narrowest area (28.5 mm2) [30]. 
Except for the bony attachment of the medial 
meniscus, the rest part strongly attaches to the 
joint capsule and the deep medial collateral liga-
ment. The attachment of the tibial side of the 
medial meniscus is called the coronary ligament.

2.2.1.2  Lateral Meniscus
The lateral meniscus has almost a semi-circular 
shape. The proportion of the lateral meniscus in 
the tibial surface area is greater than that of the 
medial meniscus. The distance between the ante-
rior and posterior horn of the lateral meniscus is 
much closer than the medial meniscus. The 
attachment of the anterior horn of the lateral 
meniscus is close to the tibial insertion of the 
anterior cruciate ligament, serving as a landmark 
in the reconstruction of the anterior cruciate liga-
ment. The popliteus tendon passes through the 
popliteal hiatus in the lateral meniscus (Fig. 2.6). 
The popliteal hiatus does not have a capsular 
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attachment, so the healing of the lateral meniscus 
is hardly achieved in this area. The popliteo-
meniscal fascicle plays an important role in the 
stability of the lateral meniscus. A damage to the 
popliteomeniscal fascicles increases the move-
ment in the popliteal hiatus, causing excessive 

movement of the posterior horn of the lateral 
meniscus [31].

2.2.1.3  Discoid Meniscus
The congenital anomaly of the meniscus is the 
discoid meniscus. This anomaly had been known 

Fig. 2.5 Axial view of 
the left tibial plateau. 
The medial meniscus is 
a “C” type with a larger 
radius than the lateral 
one, and the lateral 
meniscus has almost a 
semi-circular shape

Fig. 2.6 Structure of 
posterolateral knee joint. 
The popliteomeniscal 
fascicle that holds the 
posterior horn of the LM 
in place plays an 
important role in the 
stability of the lateral 
meniscus
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as a result of the failure of the discoid meniscus 
to evolve into semi-circular structure during the 
fetal period. It is very difficult to determine the 
prevalence of discoid meniscus. According to 
Western literature, the prevalence rate of the dis-
coid lateral meniscus is reported from 2.5% to 
7% and is the mostly incomplete type [32]. The 
discoid meniscus is more common on the lateral 
than on the medial side, and both sides of the dis-
coid meniscus at the same knee is very rarely 
observed. In the far eastern countries, the preva-
lence rate is known to be higher.

2.2.1.4  Tibial Insertional Ligaments
The circumferential collagen fiber in the body of the 
meniscus becomes the anterior and posterior attach-
ment ligaments connected to the subchondral bone 
of the tibia (Fig. 2.7). The anterior attachment liga-
ment of the medial meniscus is fan-shaped and 
attaches to the intercondylar fossa [30]. This is 
about 6–7 mm anterior of the tibial insertion of the 
anterior cruciate ligament. The posterior horn of the 
medial meniscus attaches to the intercondylar fossa 
between the posterior attachment of the lateral 
meniscus and the tibial insertion of the posterior 

cruciate ligament. The anterior attachment ligament 
of the lateral meniscus inserts to the anterior inter-
condylar fossa of the tibia between the anterior horn 
of the medial meniscus and the tibial insertion of the 
anterior cruciate ligament. The posterior attachment 
ligament of the lateral meniscus is located between 
the lateral tibial eminence and the posterior attach-
ment of the medial meniscus. The attachment liga-
ment has fibrocartilagenic transition zones that 
allow for changes in stiffness between ligaments 
and osseous tissues. This can reduce the concentra-
tion of stress and reduce the risk of fatigue failure 
during knee exercises. The functional importance of 
the attachment ligaments was confirmed through 
the study of rabbits. The anterior or posterior attach-
ment ligament of the rabbit meniscus was cut and 
was observed six and twelve weeks later. As a result, 
changes in bone and cartilage similar to those 
changes observed after total meniscectomy were 
shown [33].

2.2.1.5  Intermeniscal Ligaments
The anterior intermeniscal ligament are well 
known as the transverse geniculate ligament that 
connect the anterior horn of the medial and lat-

Fig. 2.7 Close look into 
the area of the meniscal 
posterior root. There are 
two ligaments 
connecting from the 
posterior horn of the 
lateral meniscus to the 
lateral surface of the 
medial femoral condyle, 
passing through the 
intercondylar notch. The 
Humphrey ligament 
passes in front of the 
posterior cruciate 
ligament, and the 
Wrisberg ligament 
passes behind the 
posterior cruciate 
ligament
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eral meniscus (Fig.  2.5). The incidence of the 
ligament was about 64%–94% of the cadaveric 
knees [34]. The dimension of the anterior inter-
meniscal ligament is 33  mm length, 3.3  mm 
thickness for middle parts, and classified into 
three types. Type 1 (46%) is the form of a direct 
connection between the medial and the lateral 
meniscus that is a true intermeniscal ligament, 
and Type 2 (26%) is the form of the anterior horn 
of the medial meniscus that passes through the 
joint capsule and connects to the that of the lat-
eral meniscus. Type 3 (12%) is when the major 
ligaments are attached only to the anterior joint 
capsule [34]. The functional relevance of liga-
ments has not been well studied, but it is thought 
to play a role in the movement of the meniscus 
during internal and external rotation of the tibia.

2.2.1.6  Meniscofemoral Ligaments
There are two ligaments connecting from the 
posterior horn of the lateral meniscus to the lat-
eral surface of the medial femoral condyle, pass-
ing through the intercondylar notch. This is called 
the meniscofemoral ligament (Fig.  2.8). The 

anterior meniscofemoral ligament passes in front 
of the posterior cruciate ligament and is called 
the Humphrey ligament. The posterior menisco-
femoral ligament passes behind the posterior cru-
ciate ligament and is called the Wrisberg 
ligament. The Humphrey ligament was found in 
50% and the Wrisberg ligament in 76% of the 92 
cadaveric knees [35]. The size of the Humphrey 
ligament and the Wrisberg ligament was one- 
third, one-half of the posterior cruciate ligament, 
respectively. These have a mechanical property 
comparable to the posterior bundle of the poste-
rior cruciate ligament and serve as secondary 
restraints preventing the posterior translation of 
the tibia [36]. The anterior meniscofemoral liga-
ment has also been identified, a structure that 
connects the anterior horn of the medial or lateral 
meniscus in the intercondylar notch anterior to 
the anterior cruciate ligament. The anteromedial 
meniscofemoral ligament begins at the anterior 
horn of the medial meniscus, and the anterolat-
eral meniscofemoral ligament starts at the ante-
rior horn of the lateral meniscus, which was 
found in 15% of the 60 cadaveric knee joint [37].

Fig. 2.8 Close look into 
the posterior aspect of 
the right knee joint. The 
size of the Humphrey 
ligament and the 
Wrisberg ligament was 
one-third, one-half of 
the posterior cruciate 
ligament, respectively

S.-S. Seo et al.



49

2.2.2  Biochemical Composition

The normal meniscus consists of 72% water, 
22% collagen, 0.8% glycosaminoglycan, and 
0.12% DNA. When dried, the meniscus of nor-
mal adults consists of 78% collagen, 8% non- 
collagen protein and 1% hexosamine [38]. 
Histologically, the meniscus is fibrous cartilage, 
consisting primarily of intertwined networks of 
collagen fibers connecting cells with the extracel-
lular substrate of proteoglycan and glycoprotein. 
Ninety percent of collagen in the meniscus is of 
type I, with the remainder being of type II, III, 
and IV [39]. The ratio of collagen differs depend-
ing on the location of the meniscus in the cow. 
Except for Type 3 and Type 5 in small quantities, 
peripheral 2/3 of the meniscus was mostly com-
posed of Type 1 collagen, and central 1/3 com-
posed of Type 2, 60% and Type 1, 40% [40].

2.2.3  Micro-Anatomy

The orientation of collagen fibers in the meniscus 
is directly related to the function (Fig. 2.9). The 
direction of the collagen fibers in the meniscus is 
mainly circumferential to withstand tension, and 

that collagen fibrils located on the surface and the 
mid-substance of the meniscus have radial orien-
tation [41]. Circumferential fiber makes the com-
pressive force withhold, and radial fiber holds the 
circumferential fiber to help prevent the longitu-
dinal tear of the meniscus. Surface fibers have a 
more dense mesh or irregular shape and are 
thought to be important for the transmission of 
shear stress. The meniscus is divided into two dif-
ferentiated zones: central 2/3 and peripheral 1/3 
of the meniscus. The collagen bundles in the cen-
tral zone primarily have radial orientation, which 
is parallel to the articular surface, and larger bun-
dles are formed at the peripheral zone, and cir-
cumferential orientation [42]. These structural 
differences make a difference in function, the 
central zone is optimized for conveying a com-
pressive axial load from the femur to the tibia, 
and the circumferential fibers of the peripheral 
zone are suitable for resisting tensile force. 
Surface collagen fibers have directional proper-
ties that are irregularly similar to the hyaline car-
tilage. The cells of the meniscus are called 
fibrochondrocytes, because they make a fibrocar-
tilaginous substrate. The fibrochondrocytes are in 
two forms, the cells on the surface are elliptical 
or fusiform, and the cells in the deep tissue are 

Fig. 2.9 Pattern of collagen fibers within meniscus. (a) 
The meniscus is composed of circumferential, radial 
fibers and random oriented fibrillar network. (b) The cir-

cumferential fibers are in the periphery, whereas the radial 
fibers extend from the circumferential fibers toward the 
central portion of the meniscus

2 Structure, Function, and Healing Response of Articular Cartilage and Meniscus



50

circular or polygonal. Both of these have proper-
ties found in fibroblasts and chondrocytes. Both 
forms have rich endoplasmic retinacula and 
Golgi complex, with few mitochondria [43].

2.2.4  Blood Supply and Nerve 
Distribution

The blood supply of the entire meniscus at birth 
is abundant. Nine months after birth, central one- 
third of the meniscus loses almost all blood sup-
ply. This decrease in blood supply lasts until 
around the age of ten, which becomes very simi-
lar to adult meniscus [44]. This reduction in 
blood supply may be due to weight load and knee 
joint exercise. Only peripheral 10–25 percent of 
the lateral meniscus and 10–30 percent of the 
medial meniscus receive the blood supply in the 
human adult meniscus [45]. This blood supply is 
from the superior and inferior branches of the 
medial and lateral genicular arteries. The syno-
vial membrane is briefly extended to the tibial 
and femoral articular surfaces of the  meniscus 
but does rarely contribute to the blood supply of 
the meniscus. There is no blood supply of the 
meniscus in the popliteal hiatus, so the healing 
capacity at this area is low, and the possibility of 
re-tear of the lateral meniscus is high. Since the 
central zone of the meniscus is poorly supplied 
with blood, most of the nutrient supply is believed 
to be from the diffusion of joint fluids (Fig. 2.10).

The neural distribution of the meniscus has 
not yet been clarified, but it is thought that the 
distribution of nerve elements will usually be 
similar to the distribution of blood vessels. The 
joint capsule adjacent to the meniscus had many 
specialized receptors, such as axon, large bundle 
of nerves, free nerve endings, complex end bulbs 
and type 3 Golgi organ. However, this neural dis-
tribution did not extend to the meniscus itself 
[46]. Another study showed that the nerves ran 
with radial vessels in the peripheral zone of the 
meniscus, and the neural tissue passes through 
the peripheral one-third of the meniscus [47]. 
Accompanying to the blood supply, there are 
many nerve distributions in the anterior and pos-
terior horn of the meniscus, and unlike other area, 

an axonal tissue was found even in the central 
one-third of this area. A study conducted a map-
ping of the neural sensory distribution of the 
internal structure of the knee, confirming that it 
was more painful when the probe was stressed at 
the peripheral zone rather than at the center [48]. 
The presence of mechanical receptors in the 
meniscus shows that they can play a role in the 
transmission of the efferent nerve of the knee 
joint. This kind of neural information can be 
important to the proprioception of the joint.

2.2.5  Biomechanics

Under load, the knee joint is subjected to axial 
compression. The compressive force is dispersed 
through the joint contact area, resulting in contact 
stress. The average contact stress is proportional 
to the load and inversely proportional to the joint 
contact area. In other words, the larger the con-
tact area, the less stress the contact area receives. 
The concave medial tibial plateau is more con-
gruent than the convex lateral tibial plateau. 
However, the bony structure of the knee joint 
does not provide the congruency of the joint con-
tact surface. A sufficient joint contact area of the 
tibial plateau is not provided, and contact stress is 
not minimized without the meniscus. The menis-
cus is optimized for transmitting force through 

Fig. 2.10 Blood supply to the meniscus is from the supe-
rior and inferior branches of the medial and lateral genicu-
lar arteries. R-R red-red, fully within the vascular area; 
R-W red-white, at the border of the vascular area; and 
W-W white-white, within the avascular area
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the knee joint by increasing the congruency of 
the articular surface. The average contact stress 
on the articular surface is reduced with the menis-
cus. The meniscus has a wedge-shaped cut sur-
face for the femur and can be pushed out of the 
loading joint, which increases the circumferential 
tension of the meniscus. The anterior and poste-
rior horn of the meniscus is attached to the tibia 
through ligamentous structures, which serve to 
hold the meniscus out to the increased circumfer-
ential tension. This is called a hoop stress. Thus, 
the ability to withstand a compressive load is due 
to circumferential stiffness resulting from the cir-
cumferentially oriented collagen fibers of the 
meniscus. The medial and lateral meniscus trans-
mits loads from 50% to 70% in extension and 
increases to 85% in 90° flexion [49]. When the 
medial meniscus is removed, the contact area 
with the femur is reduced by 50–70%, and the 
contact stress is increased to 100%. The contact 
area will be reduced by 40–50% after the total 
meniscectomy of the lateral meniscus, increasing 
the contact stress in the lateral compartment by 
200–300% [50]. The congruency of the articular 
surface with the meniscus plays an important role 
in the joint lubrication and supplying chondro-
cyte nutrition. The biomechanical changes that 
may occur after the meniscectomy affect the bio-
chemical activity of the articular cartilage. Also, 
the meniscus plays an important role in shock 
absorption. It is also said that the degree of shock 
absorption after the meniscectomy is reduced by 
20% compared to normal [51]. This shock 
absorption function is due to viscoelasticity 
caused by water contents in the meniscus. The 
meniscus also plays an important role in the sta-
bility of the joints. While the medial meniscec-
tomy with intact anterior cruciate ligament does 
not affect the anterior-posterior translation of the 
joint, the anterior translation of the tibia increases 
to 58% in knee 90-degree flexion without the 
anterior cruciate ligament. The posterior horn of 
the medial meniscus was the most important 
structure to resist the anterior translation of the 
tibia in the knee joint without the anterior cruci-
ate ligament. The medial meniscus at 134 N ante-
rior load in the knee without the anterior cruciate 
ligament increases the resultant force by up to 

52% at full extension and 197% in 60-degree 
flexions [52]. Similarly, the meniscus also acts as 
a secondary restraint in the internal and external 
rotation of the tibia, and the meniscectomy 
increases the rotation range of 5 degrees [53]. 
While the central two-thirds of the meniscus 
plays an important role in maximizing the area of 
joint contact and shock absorption, continuity of 
the peripheral zone is essential for the load trans-
mission or joint stability. In a study conducted 
through MRI, the lateral meniscus at flexion 
moves posteriorly about 11.2 mm and the medial 
meniscus about 5.2  mm (Fig.  2.11) [54]. The 
arcuate ligament connects the lateral meniscus 
with the popliteus tendon, pulling back the 
meniscus at the time of internal tibial rotation 
occurring at the initial flexion of the knee joint. 
The mobility of the meniscus through the joint 
motion occurs more in the lateral meniscus.

2.2.6  Healing Response

The most important thing in the healing process 
of tissue is how easily cells and inflammatory 
mediators can access the damaged area. The for-
mation of blood clots provides the backbone for 
substrate formation and becomes the chemical 
stimulus of the cell component for wound heal-
ing [55]. Adult meniscus is only supplied with 
blood at the peripheral 20–30%. If the meniscus 
is damaged at the central 70–80%, no blood 
clots are formed. Therefore, a healing process 
can take place in the peripheral zone where 
blood supply is made, but not in the central 
zone. According to the blood supply, the possi-
bility of healing can be expected by dividing the 
meniscal tear into red- red, red-white, and white-
white zones. In red-red zone where the blood is 
well supplied, healing process works well, but 
most of the meniscal tears occur in the red-white 
zone, causing the treatment to fall into a poor 
healing. Therefore, various attempts to obtain a 
good healing in this area are being made, such 
as a secure suture fixation, a careful rehabilita-
tion and planned return to activity after surgery, 
and a biological stimulation using the blood 
clot. The extracellular matrix multiplication and 
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synthesis occur when the meniscal cells are 
exposed to various healing factors observed in 
hematoma [43]. To promote healing, various 
methods are studied, such as fibrin clots, fibrin 
glue, cell growth factors, formation of vascular 
access channels, and inducing the synovial 
membrane bleeding through various methods. 
The method commonly used at present to pro-
vide hematoma to the tear site is stimulating the 
tear site and its surrounding the synovium by 
using a rasp or shaver [55]. However, the effect 
may not be efficient if the blood clots  produced 
by natural bleeding are diluted by synovial flu-
ids. Nevertheless, it is clinically understood that 
the healing potential is higher if the meniscal 
repair is performed simultaneously with the 
anterior cruciate ligament reconstruction than 
without the anterior cruciate ligament recon-
struction. Therefore, sufficient blood clots can 
help heal. As well as the stability of the joint, 
the acute stage of the meniscal tear and the 
young age are considered positive factors for 
healing. The age- related degenerative changes 
of the meniscus have a negative effect on heal-
ing potential. From the point of view of rehabili-
tation and healing, the meniscal tear site reacts 
to normal physiological loading. The immobili-
zation of the knee joint reduces the collagen for-
mation in the meniscus, but the movement tends 
to prevent the reduction of the collagen forma-
tion [56].

References

 1. Stockwell RA.  The cell density of human articular 
and costal cartilage. J Anat. 1967;101(Pt 4):753–63.

 2. Stockwell RA. Chondrocytes. J Clin Pathol Suppl (R 
Coll Pathol). 1978;12:7–13.

 3. Buckwalter JA, Mankin HJ, Grodzinsky AJ. Articular 
cartilage and osteoarthritis. Instr Course Lect. 
2005;54:465–80.

 4. Aydelotte MB, Greenhill RR, Kuettner 
KE.  Differences between sub-populations of cul-
tured bovine articular chondrocytes. II. Proteoglycan 
metabolism. Connect Tissue Res. 1988;18(3):223–34.

 5. Guerne PA, Blanco F, Kaelin A, Desgeorges A, Lotz 
M. Growth factor responsiveness of human articular 
chondrocytes in aging and development. Arthritis 
Rheum. 1995;38(7):960–8.

 6. Martin JA, Buckwalter JA.  Articular cartilage 
aging and degeneration. Sports Med Arthrosc Rev. 
1996;4(3):263–75.

 7. Martin JA, Ellerbroek SM, Buckwalter JA.  Age- 
related decline in chondrocyte response to insulin-like 
growth factor-I: the role of growth factor binding pro-
teins. J Orthop Res. 1997;15(4):491–8.

 8. Meachim G. Effect of age on the thickness of adult 
articular cartilage at he shoulder joint. Ann Rheum 
Dis. 1971;30(1):43–6.

 9. Gurr E, Mohr W, Pallasch G.  Proteoglycans from 
human articular cartilage: the effect of joint loca-
tion on the structure. J Clin Chem Clin Biochem. 
1985;23(12):811–9.

 10. Mow VC, Ratcliffe A, Poole AR. Cartilage and diar-
throdial joints as paradigms for hierarchical materials 
and structures. Biomaterials. 1992;13(2):67–97.

 11. Buckwalter JA, Rosenberg LA, Hunziker EB, et  al. 
Articular cartilage: composition, structure, response 
to injury, and methods of facilitation repair. In: Ewing 
JW, editor. Articular cartilage and knee joint function: 

Fig. 2.11 The motion 
of the menisci during 
flexion. The lateral 
meniscus at flexion 
moves posteriorly about 
11.2 mm and the medial 
meniscus about 5.2 m. 
mme mean meniscal 
excursion

S.-S. Seo et al.



53

basic science and arthroscopy. New York, NY: Raven 
Press; 1990. p. 19–56.

 12. Sandell LJ. Molecular biology of collagens in normal 
and osteoarthritic cartilage. In: Kuettner KE, Goldberg 
VM, editors. Osteoarthritic disorders. Rosemont, IL: 
American Academy of Orthopaedic Surgeons; 1995. 
p. 131–46.

 13. Marcelino J, McDevitt CA.  Attachment of articular 
cartilage chondrocytes to the tissue form of type VI 
collagen. Biochem Biophys Acta. 1995;1249:180–8.

 14. Schmid TM, Linsenmayer TF. Immunohistochemical 
localization of short chain cartilage collagen (type X) 
in avian tissues. J Cell Biol. 1985;100(2):598–605.

 15. Roughley PJ, Lee ER.  Cartilage proteoglycans: 
structure and potential functions. Microsc Res Tech. 
1994;28:385–97.

 16. Bayliss MT, Venn M, Maroudas A, Ali SY. Structure 
of proteoglycans from different layers of human artic-
ular cartilage. Biochem J. 1983;209(2):387–400.

 17. Tang LH, Buckwalter JA, Rosenberg LC. The effect of 
link protein concentration on articular cartilage pro-
teoglycan aggregation. J Orthop Res. 1996;14:334–9.

 18. Guilak F, Ratcliffe A, Lane N, Rosenwasser MP, Mow 
VC. Mechanical and biochemical changes in the super-
ficial zone of articular cartilage in canine experimen-
tal osteoarthritis. J Orthop Res. 1994;12(4):474–84.

 19. Redler I, Mow VC, Zimny ML, Mansell J. The ultra-
structure and biomechanical significance of the tide-
mark of articular cartilage. Clin Orthop Relat Res. 
1975;112:357–62.

 20. Oegema TR, Thompson RC.  Histopathology and 
pathobiochemistry of the cartilage-bone interface in 
osteoarthritis. In: Kuettner KE, Goldberg VM, editors. 
Osteoarthritic disorders. Rosemont, IL: American 
Academy of Orthopaedic Surgeons; 1995. p. 205–17.

 21. Buckwalter JA, Martin J, Mankin H.  Synovial joint 
degeneration and the syndrome of osteoarthritis. Instr 
Course Lect. 2000;49:481–9.

 22. Mow VC, Rosenwasser M. Articular cartilage: biome-
chanics. Injury and repair of the musculoskeletal soft 
tissues 1988:427–463.

 23. Rhee DK, Marcelino J, Baker M, Gong Y, Smits P, 
Lefebvre V, et al. The secreted glycoprotein lubricin 
protects cartilage surfaces and inhibits synovial cell 
overgrowth. J Clin Invest. 2005;115(3):622–31.

 24. Hamerman D. The biology of osteoarthritis. N Engl J 
Med. 1989;320(20):1322–30.

 25. Sokolove J, Lepus CM.  Role of inflammation in 
the pathogenesis of osteoarthritis: latest findings 
and interpretations. Ther Adv Musculoskelet Dis. 
2013;5(2):77–94.

 26. Buckwalter JA. Mechanical injuries of articular car-
tilage. In: Finerman G, editor. Biology and biome-
chanics of the traumatized synovial joint. Ridge, IL: 
American Academy of Orthopaedic Surgeons; 1992. 
p. 83–96.

 27. Buckwalter JA. Chondral and osteochondral injuries: 
mechanisms of injury and repair responses. Oper Tech 
Orthop. 1997;7(4):263–9.

 28. Buckwalter JA, Einhorn TA, Bolander ME. Healing 
of musculoskeletal tissues. In: Rockwood CA, Green 
D, editors. Fractures. Philadelphia, PA: Lippincott; 
1996. p. 261–304.

 29. Berlet GC, Fowler PJ. The anterior horn of the medi-
cal meniscus. An anatomic study of its insertion. Am 
J Sports Med. 1998;26(4):540–3.

 30. Johnson DL, Swenson TM, Livesay GA, Aizawa H, 
Fu FH, Harner CD.  Insertion-site anatomy of the 
human menisci: gross, arthroscopic, and topographi-
cal anatomy as a basis for meniscal transplantation. 
Arthroscopy. 1995;11(4):386–94.

 31. Simonian PT, Sussmann PS, van Trommel M, 
Wickiewicz TL, Warren RF.  Popliteomeniscal fas-
ciculi and lateral meniscal stability. Am J Sports Med. 
1997;25(6):849–53.

 32. Nathan PA, Cole SC.  Discoid meniscus. A clini-
cal and pathologic study. Clin Orthop Relat Res. 
1969;64:107–13.

 33. Sommerlath K, Gillquist J.  The effect of a menis-
cal prosthesis on knee biomechanics and cartilage. 
An experimental study in rabbits. Am J Sports Med. 
1992;20(1):73–81.

 34. Nelson EW, LaPrade RF. The anterior intermeniscal 
ligament of the knee. An anatomic study. Am J Sports 
Med. 2000;28(1):74–6.

 35. Kohn D, Moreno B. Meniscus insertion anatomy as 
a basis for meniscus replacement: a morphological 
cadaveric study. Arthroscopy. 1995;11(1):96–103.

 36. Gupte CM, Bull AM, Thomas RD, Amis AA.  The 
meniscofemoral ligaments: secondary restraints 
to the posterior drawer. Analysis of anteroposte-
rior and rotary laxity in the intact and posterior-
cruciate- deficient knee. J Bone Joint Surg Br. 
2003;85(5):765–73.

 37. Wan AC, Felle P.  The menisco-femoral ligaments. 
Clin Anat. 1995;8(5):323–6.

 38. Ingman AM, Ghosh P, Taylor TK.  Variation of col-
lagenous and non-collagenous proteins of human 
knee joint menisci with age and degeneration. 
Gerontologia. 1974;20(4):212–23.

 39. Eyre DR, Wu JJ. Collagen of fibrocartilage: a distinc-
tive molecular phenotype in bovine meniscus. FEBS 
Lett. 1983;158(2):265–70.

 40. Cheung HS.  Distribution of type I, II, III and V in 
the pepsin solubilized collagens in bovine menisci. 
Connect Tissue Res. 1987;16(4):343–56.

 41. Bullough PG, Munuera L, Murphy J, Weinstein 
AM.  The strength of the menisci of the knee as it 
relates to their fine structure. J Bone Joint Surg Br. 
1970;52(3):564–7.

 42. Beaupre A, Choukroun R, Guidouin R, Garneau R, 
Gerardin H, Cardou A.  Knee menisci. Correlation 
between microstructure and biomechanics. Clin 
Orthop Relat Res. 1986;208:72–5.

 43. Webber RJ, Harris MG, Hough AJ.  Cell culture of 
rabbit meniscal fibrochondrocytes: proliferative and 
synthetic response to growth factors and ascorbate. J 
Orthop Res. 1985;3(1):36–42.

2 Structure, Function, and Healing Response of Articular Cartilage and Meniscus



54

 44. Petersen W, Tillmann B. Age-related blood and lymph 
supply of the knee menisci. A cadaver study. Acta 
Orthop Scand. 1995;66(4):308–12.

 45. Arnoczky SP, Warren RF.  Microvasculature of the 
human meniscus. Am J Sports Med. 1982;10(2):90–5.

 46. Kennedy JC, Alexander IJ, Hayes KC. Nerve supply 
of the human knee and its functional importance. Am 
J Sports Med. 1982;10(6):329–35.

 47. Day B, Mackenzie WG, Shim SS, Leung G.  The 
vascular and nerve supply of the human meniscus. 
Arthroscopy. 1985;1(1):58–62.

 48. Dye SF, Vaupel GL, Dye CC.  Conscious neurosen-
sory mapping of the internal structures of the human 
knee without intraarticular anesthesia. Am J Sports 
Med. 1998;26(6):773–7.

 49. Radin EL, de Lamotte F, Maquet P.  Role of the 
menisci in the distribution of stress in the knee. Clin 
Orthop Relat Res. 1984;185:290–4.

 50. Watanabe Y, Scyoc AV, Tsuda E, Debski RE, Woo 
SL.  Biomechanical function of the posterior horn 
of the medial meniscus: a human cadaveric study. J 
Orthop Sci. 2004;9(3):280–4.

 51. Voloshin AS, Wosk J.  Shock absorption of menis-
cectomized and painful knees: a comparative in vivo 
study. J Biomed Eng. 1983;5(2):157–61.

 52. Allen CR, Wong EK, Livesay GA, Sakane M, Fu FH, 
Woo SL.  Importance of the medial meniscus in the 
anterior cruciate ligament-deficient knee. J Orthop 
Res. 2000;18(1):109–15.

 53. Wang CJ, Walker PS.  Rotatory laxity of the human 
knee joint. J Bone Joint Surg Am. 1974;56(1):161–70.

 54. Thompson WO, Thaete FL, Fu FH, Dye SF.  Tibial 
meniscal dynamics using three-dimensional recon-
struction of magnetic resonance images. Am J Sports 
Med 1991;19(3):210–215; discussion 5–6.

 55. Ritchie JR, Miller MD, Bents RT, Smith DK. Meniscal 
repair in the goat model. The use of healing adjuncts 
on central tears and the role of magnetic resonance 
arthrography in repair evaluation. Am J Sports Med. 
1998;26(2):278–84.

 56. Dowdy PA, Miniaci A, Arnoczky SP, Fowler PJ, 
Boughner DR. The effect of cast immobilization on 
meniscal healing. An experimental study in the dog. 
Am J Sports Med. 1995;23(6):721–8.

S.-S. Seo et al.



55© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021 
S.-S. Seo (ed.), A Strategic Approach to Knee Arthritis Treatment, 
https://doi.org/10.1007/978-981-16-4217-3_3

Etiology and Risk Factors

Ok-Gul Kim and Seung-Suk Seo

Abstract

Knee osteoarthritis is one of the most common 
joint diseases in the world. It is known that there 
is no one cause of osteoarthritis in the knee but a 
combination of various risk factors. Risk factors 
of knee osteoarthritis can be divided into intrin-
sic factors and extrinsic factors (obesity, life-
style, heavy physical work, exercise, and sports). 
Intrinsic factors can be further divided into sys-
temic factors (age, gender, genetics, diet, bone 
density, and ethnic characteristics) and local fac-
tors (knee injury, ligament laxity, muscle weak-
ness, malalignment). Among them, the main 
factors associated with knee osteoarthritis are 
previous knee trauma, obesity, female gender, 
hand osteoarthritis and older age. Besides above-
mentioned factors, various genetic and meta-
bolic factors are extensively investigating to 
elucidate the association with knee osteoarthri-
tis. Some systemic factors, such as age, gender, 
genetics, and ethnics are not modifiable, but 
other factors are modifiable. Patients with knee 
osteoarthritis develop physical disability, which 
increases all-cause mortality, especially cardio-
vascular disease. These modifiable factors, if 
properly corrected, could help a free from physi-
cal dysfunction and provides human well-being. 

In conclusion, the importance of preventing knee 
osteoarthritis by understanding the etiology and 
risk factors of osteoarthritis is important.

Keywords

Knee osteoarthritis · Risk factors · Previous 
knee trauma · Obesity · Female gender 
Genetics · Metabolism · Older age

3.1  Etiology

Degenerative knee osteoarthritis (OA) can be 
divided into primary (or idiopathic) OA and sec-
ondary OA, depending on the causes. Primary 
OA occurs as a result of degeneration of the knee 
joint cartilage without specific causes. This is 
generally thought to be the result of wear, tear, 
and aging.

Among the many structures composing the 
knee joint, the hyaline joint cartilage is consid-
ered the major target for harmful effects that 
cause OA and the structure from which the dis-
ease originates. The structures that are making up 
the joint include its bony components covered 
with hyaline cartilage, its capsule, ligaments, and 
menisci, as well as the muscles that move it. 
These structures work organically for normal 
knee joint function. If it has a problem with one 
or more of these structures, knee OA may prog-
ress. Conversely, secondary knee arthritis occurs 
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as a result of degeneration of the knee joint carti-
lage for a known cause (Table 3.1).

However, it has been recently known that inflam-
mation in bone and synovial tissues plays an impor-
tant role in the development of OA. It is an important 
part of the development and progression of arthritis, 
and the degree of inflammation may vary depend-
ing on the specific congenital and local joint factors 
of the patient. Synovial macrophages are in charge 
of producing catabolism and pre-inflammatory 
mediators that cause inflammation, resulting in a 
negative balance of cartilage matrix breakdown and 
repair. Synovial inflammation is aggravated by car-
tilage debris and catabolic mediators entering the 
joint cavity, causing symptoms such as inflamma-
tory pain and joint swelling and leads to the pro-
gression of arthritis. This can produce various 
clinical presentations for the same imaging picture 
and different timetables for the progression of the 
disease.

3.2  Risk Factors

Bone, cartilage, muscle, and other joint structures 
that make up the knee joint are biomechanical 
organs that maintain proper knee function and 

prevent excessive weight loading. However, if the 
balances of the biomechanical function of the 
knee joint are broken due to various risk factors, 
joint degeneration and damage occur, and OA 
develops. Knee OA is a heterogeneous disease 
with various forms, each of which has its own 
risk factors working through its unique processes. 
These numerous risk factors can be largely cate-
gorized into intrinsic factors and extrinsic fac-
tors, and intrinsic factors can be further divided 
into systemic factors and local factors. Although 
each may occur individually, the progression of 
knee OA speeds up when systemic factors inter-
act with local effects that affect the environment 
of the knee itself. Discussed below are some of 
the major risk factors, along with some support-
ing studies (Table 3.2).

3.2.1  Knee Injury

A 22-year prospective study of 98 Finnish par-
ticipants conducted by doctors investigated the 
association of newly diagnosed OA cases using 
the information on disease history, symptoms, 
and standardized clinical physical examination 
[1]. According to the study, the risk factors for 
newly diagnosed OA showed a strong association 
with previous knee injuries and the heaviest cat-
egory of physical stress at work (compared to the 
lightest category). A previous knee injury is the 
highest risk factor associated OA (OR (odds 
ratio) 3.86) [2]. A recent meta-analysis study of 
24 observational studies with 20,997 participants 
concluded that previous knee injury is the most 
crucial risk factor for the development of knee 

Table 3.1 Etiologies of secondary osteoarthritis of the 
knee

Post-traumatic
Congenital/malformation of 
the limb
Malposition Varus

Valgus
Postsurgical
Metabolic disorders Rickets

Hemochromatosis
Chondrocalcinosis
Ochronosis
Wilson disease
Gout/Pseudogout

Endocrine disorders Acromegaly
Hyperparathyroidism
Hyperuricemia

Inflammatory disorders Rheumatoid arthritis
Psoriatic arthritis

Aseptic osteonecrosis
Others Scoliosis

Infectious arthritis
Hemophilia
Paget disease
Sickle cell disease

Table 3.2 Risk factors of the knee osteoarthritis

Intrinsic factors
Extrinsic 
factors

Systemic factors Local factors
Age
Gender 
(menopause)
Genetics
Diets
Bone density
Ethnic 
characteristics

Knee injury
Ligament laxity
Impairments in 
muscle function 
(muscle weakness)
Malalignment (joint 
deformity)

Obesity
Lifestyle 
(cultural and 
religious 
aspects)
Heavy 
physical work
Exercises and 
sports
Smoking
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OA, regardless of study design and definition of 
knee injury [3]. The study also identified knee 
injuries as one of several modifiable risk factors 
for OA, emphasizing its prevention in future pub-
lic health programs.

In an average 10-year follow-up study of 44 
patients who underwent surgical treatment for 
knee dislocation, the incidence of OA was 23%, 
indicating a significant correlation between 
major knee injury and subsequent development 
of OA [4].

Anterior cruciate ligament (ACL) rupture and 
meniscal tear are also major risk factors for knee 
OA. ACL reconstruction improves joint stabil-
ity, but in the long term, may not prevent knee 
OA and reinjuries. Eventually, it may not restore 
normal knee kinematics compared to conser-
vative treatment [5]. ACL rupture is known to 
lead to early onset knee OA in 13% of patients 
10–15  years after injury [6]. A study of 205 
soccer players with ACL found that at 14-year 
follow- up, 41% of patients had advanced degen-
erative changes compared to 4% of noninjured 
knees [7]. In a similar study involving female 
soccer players, 51% of ACL ruptures were diag-
nosed with OA on radiographs 12 years later [8]. 
The risk of early onset of knee OA in patients 
with high physical activity was higher in patients 
with bone-patellar tendon bone technique than 
patients with semitendinosus and gracilis autog-
enous tendon technique during ACL reconstruc-
tion [9]. ACL rupture is associated with damage 
to cartilage, subchondral bone, collateral liga-
ment, and meniscus in about 65–75%, in which 
case the prevalence of knee OA increases from 
21% to 40% [6]. People who underwent partial 
meniscectomy during the reconstruction of the 
ACL had a significantly higher risk of develop-
ing signs of OA in the radiographs than those 
with normal meniscus [10].

In particular, the meniscal tear has a strong 
association with the incidence of knee OA.  A 
multicenter study showed that untreated menis-
cus tears at 30-month follow-up had a 5.7 times 
higher OR than the incidence of knee OA [11]. In 
another study, a four-fold increase in the risk of 
knee OA after partial meniscectomy was observed 
at 16-year follow-up [12]. Total meniscectomy 
was found to be detrimental to the knee joint in 
that radiographic OA generally occurred 14 times 

more than people in the control group 20 years 
after the surgery [13].

Although it is generally believed that knee OA 
occurs due to abnormal biomechanical forces 
acting on an unstable knee after injury, some 
studies suggest additional or alternative mecha-
nisms. Reports of ACL deficient knees [14] and 
meniscal injuries [15] confirmed that proteases 
and inflammatory cytokines that can directly 
damage cartilage are released into the joint after 
knee injury. In a rat modeled animal study, intra- 
articular inhibition of interleukin-1 reported con-
siderably reduced synovitis and cartilage 
degradation after tibial plateau fracture [16].

3.2.2  Impairments in Muscle 
Function

Generally, muscle weakness, modified muscle 
activation patterns, and intrinsic sensory defi-
ciencies are associated with knee OA. In particu-
lar, the weakness of the quadriceps muscle is 
mostly observed in symptomatic knee OA 
patients. The greater quadriceps muscle strength 
is associated with a lower risk for progression of 
tibiofemoral joint space narrowing and cartilage 
loss in women [17]. Strengthening of the quadri-
ceps muscle is a key element in the conservative 
treatment and management of knee OA and is 
effective in improving pain, physical function, 
and quality of life [18]. This effect does not 
appear to be due to any structural changes found 
in knee MRI [19]. The basic mechanism is cur-
rently not fully understood, but one theory sug-
gests that the knee extensor muscles absorb and 
stabilize the impact on the knee, whereas the lack 
of the muscles strength can cause excessive 
mechanical stress on the articular cartilage, 
thereby promoting OA progression, such as carti-
lage damage [18, 19].

3.2.3  Malalignment

It is well known that abnormal lower limb align-
ment causes asymmetrical increased compressive 
stress in the medial or lateral compartment, lead-
ing to arthritis with an increased structural break-
down of the knee joint. Knees from malalignment, 
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varus and valgus deformity have a risk for pro-
gression of OA (RR 2.0 (1.3–2.8), 2.3 (1.4–3.1), 
and 1.7 (0.97–2.6), respectively) [20]. Medial 
compartment progression of knee OA was four 
times more common in patients with varus align-
ment, whereas lateral compartment progression 
of knee OA was five times more common in 
patients with external alignment [21].

3.2.4  Gender

Not only is OA in the knee joint more prevalent 
in women, but OA in the hip joint and hand are 
also more commonly seen in women compared to 
men [22], and the incidence of OA increases 
around women’s menopause [23]. Although the 
opinion that hormone involvement causes differ-
ent incidence rate of OA in men and women is 
dominant, the role of hormonal factors in the 
development of OA is not clear and still contro-
versial [24]. The role of hormonal factors on knee 
OA will be described in detail below. In addition, 
the cause of women’s high OA incidence may be 
explained by a decrease in the amount of carti-
lage, bone loss, and muscle strength loss [25]. 
Women in the severe OA group showed lower 
activity scores and more disabilities in their daily 
activities than men and were also reported to 
show more severe symptoms of OA [26]. In a 
12-year prospective study of 315,495 Norwegians, 
knee arthroplasty cases doubled in women 
(0.55%) than men (0.28%) [27].

3.2.5  Menopause

Sex hormones play an important role in the 
causes of the rise in OA in postmenopausal 
women, and especially, estrogen deficiency con-
tributes greatly to the development of osteoarthri-
tis [28]. There is an estrogen receptor in 
subchondral osteoblasts, chondrocytes, and syn-
oviocytes [29]. Estrogen mainly inhibits the 
expression of pro-inflammatory cytokines such 
as IL-1 and secretion into joints [30]. Several 
studies have reported that estrogen supplement 
reduces the incidence of OA, supporting the role 

of estrogen in OA [28]. Moreover, a decrease in 
ovarian function following menopause causes an 
increase in pre-inflammatory cytokines in the 
plasma [31]. However, due to the lack of clear 
conclusions on the effects of sex hormones on 
OA, further research is needed.

3.2.6  Age

Age may be one of the major risk factors for 
OA. The increased prevalence and incidence of 
OA with age increases not only in the knee but 
also in the hip and hand joints. The effect of age 
is greatest in the elderly (age 70–75  years) for 
knee OA [32]. The mechanisms suspected of 
causing joint damage have not been fully under-
stood, but they are high due to thinning of carti-
lage, muscle atrophy, decreased proprioception 
and oxidative damage [33].

3.2.7  Heavy Physical Work

The relationship between heavy physical work 
and OA is a topic of great interest to many 
researchers. In particular, vibration, repeti-
tive movements, a long period of kneeling, 
squatting, and standing have been shown to be 
associated with an increased risk for OA [34]. 
Frequent kneeling with a heavy object is another 
activity that is related to cartilage degeneration 
[35]. A German case-control study of 1310 
patients with symptomatic knee OA and with-
out OA suggested a dose-response relationship 
between knee flexion or squat and symptomatic 
knee OA [36]. However, occupational risks, 
such as climbing or running stairs or ladders, 
are not related to symptomatic knee OA [36]. A 
high body mass index(BMI) has a detrimental 
interaction with kneeling or squatting and lift-
ing heavy objects [37].

3.2.8  Exercises and Sports

There is no clear conclusion as to whether exer-
cise and sporting activities can be risk factors for 
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OA.  Here, we will refer to related research. A 
cross-sectional study of 2439 participants with 
OA showed that non-professional running during 
life is not likely to increase the probability of 
occurrence in radiological OA, symptomatic OA 
or knee pain [38] Also, no relationship was found 
between short, medium distance running and OA, 
and long-distance running, barefoot running, and 
minimalistic shoes have not yet been clearly 
related to OA [39]. In reality, sports activities can 
have a protective effect on the knee joint if no 
traumatic injuries are involved [38]. This subject 
should be described in Chap. 4.

3.2.9  Obesity

In a recent meta-analysis including 22 studies, 
Obesity (body mass index (BMI) > 30 kg/m2) is 
strongly associated with knee OA (pooled odds 
ratio [OR]: 2.66 [95% CI 2.15–3.28]), whereas 
the relationship between overweight 
(BMI > 25 kg/m2) and knee OA is lower but still 
significantly associated with knee OA (pooled 
OR 1.98 [95% CI 1.57–2.20]) [22]. Several 
authors have shown a dose-response relationship 
between obesity and the risk of knee OA: with 
every 5 increase in BMI, the risk of OA increases 
by 35%. In the case of women, the association of 
OA occurrence with BMI increase was much 
greater than men. The risk increased further when 
BMI was combined with a high-intensity work-
force, showing a 12-time increase for men and 
16-time increase for women. 24.6% of patients 
with newly developed knee pain were associated 
with overweight or obesity [40]. There are also 
reports that excessive obesity not only causes 
knee OA, but may also lead to total knee arthro-
plasty. In a 12-year prospective study involving 
315,495 Norwegians, an increase in BMI was 
reported to be directly related to the development 
of OA at the level requiring total knee arthro-
plasty [27]. Men with a BMI > 27 had a six-fold 
increase in the frequency of total knee arthro-
plasty compared to men with a BMI < 23. Women 
with a BMI > 26 have an 11-fold increase in the 
frequency of total knee arthroplasty compared to 
women with a BMI of 21 or less.

With an increased awareness of the relation-
ship between obesity and inflammatory and met-
abolic activities, researchers reconsider the 
relationship between OA and obesity. The rela-
tionship between the incidence of knee OA and 
obesity is not necessarily determined by the 
severity of obesity. The development of OA in 
obesity appears to be closely related to the sever-
ity of obesity as well as the pathologic lipid and 
glucose metabolism abnormalities [41]. 
Cytokines closely related to adipose tissue, 
including leptin, adiponectin, and resistin, can 
affect knee OA development through direct joint 
breakdown or regulation of local inflammatory 
processes [41, 42]. Metabolic risk factors includ-
ing obesity, hypertension, dyslipidemia, and 
 glucose tolerance disorders (metabolic syn-
drome) increase the risk of OA as well as the pro-
gression of it [20]. This risk increases as the 
number of metabolic risk factors rise, showing a 
close relationship between these risk factors and 
OA [43]. Several studies have shown that weight 
loss improves knee function and reduces inflam-
mation and knee pain. Obesity is a specific prob-
lem in Western nations, and it is one of the 
modifiable risk factors that can reduce the preva-
lence of OA in these nations. According to a 
study by Framingham, a weight loss of 5  kg 
reduced the risk of knee OA by 50% [44]. Efforts 
to lose weight are also essential in clinical prac-
tice (Fig. 3.1).

3.2.10  Genetics

A lot of research has been done recently to find 
specific genes related to knee OA development. A 
meta-analysis of 4 genome-wide association stud-
ies using a sample size of 6709 cases and 44,439 
controls in the Caucasian population found an 
important susceptible locus for knee OA on chro-
mosome 7q22 [45]. Other studies have discovered 
a possible role in OA for the genes encoding struc-
tural extracellular matrix components (such as 
DVWA) and molecules taking part in prostaglan-
din metabolism (DQB1 and BTNL2) [46]. A 
genetic polymorphism with a  ~  300 kilobase 
region in chromosome 7q22 is associated with 
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knee OA susceptibility [47]. Recently, genes 
encoding NCOA3, SULF2, and ALDH1A2 have 
all been revealed to be related to hip and hand OA, 
but not inevitably to knee OA [48].

3.2.11  Smoking

There are conflicting opinions on the relationship 
between smoking and OA development. In other 
words, it was not clear whether the fact that smok-
ing increased or decreased the risk of knee 
OA. This can be attributed to the fact that smokers 
may have a different lifestyle than non- smokers. 
(e.g., less participation in intense physical activ-
ity). In a meta-analysis study analyzing the rela-
tionship between smoking and OA prevalence, 
several studies (n  =  18) have shown conflicting 
results. However, the authors nonetheless reported 
smoking as having little or no protective effect 
against the prevalence of OA [2].

3.2.12  Diet

Some dietary factors suspected to increase the 
incidence of OA include a deficiency of vitamins 
D, C, and K and Certain food groups, such as 
fruits, milk/milk products, and meat/poultry are 
beneficial for knee OA [49]. However, more 
research is necessary to define a clearer relation-
ship between OA and dietary factors.

3.3  Summary

Knee OA represents a large burden on healthcare 
with the aging of the population throughout the 
world. Treatment for knee OA is also important, 
but in recent years, a preventive approach is 
becoming more important. In other words, the 
best treatment for knee OA is prevention. This 
has led to renewed interest in the etiology and 

Fig. 3.1 The Influences of dysfunctional fat on synovial 
cells, chondrocytes, and bone. Dysfunctional adipose tis-
sues produce pro-inflammatory adipokines excessively 
that interact with synovial cells, chondrocytes and bone 
by inducing several pro-inflammatory mediators (cyto-
kines, reactive oxygen species, NO) and cartilage degra-

dative factors (MMPs and ADAMTSs). ADAMTS a 
disintegrin and metalloproteinase with thrombospondin 
motifs, ALP alkaline phosphatase, IL interleukin, MCP 
monocyte chemoattractant protein, MMPs matrix metal-
loproteinases, NO nitric oxide, OC osteocalcin, TGF 
transforming growth factor
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risk factors. In conclusion, healthcare personnel 
should try to prevent and treat knee OA by under-
standing the etiology and risk factors well.
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Knee Osteoarthritis and Sports

Chang-Rack Lee

Abstract

There is much evidence to support the claim 
that regular exercise improves general health, 
and some activities are deemed to have benefi-
cial effects for joints by increasing the circula-
tion of synovial fluid and maintaining 
peri-articular muscle strength. However, in 
spite of such positive effects of exercise, there 
is some concern that increased participation in 
physical activity or sports can increase the 
incidence of osteoarthritis in the lower extrem-
ity joints. Although normal healthy joints can 
withstand repetitive loading during daily 
activities without the occurrence of osteoar-
thritis, long-term repetitive loading that 
exceeds the articular cartilage tolerance can 
play an important role in the occurrence or 
aggravation of osteoarthritis. Osteoarthritis is 
characterized by pain and impaired function 
and is a common chronic disease that has sig-
nificant effects on one’s quality of life. 
Although various factors such as age, gender, 
physical trauma, and genetics have been 
reported as risk factors for osteoarthritis, the 
correlation between physical activity and 
sports with osteoarthritis is not yet clear. In 

order to evaluate the correlation between 
physical activity or sports and osteoarthritis, 
various factors including age, types, and inten-
sity of physical activity or sports participation, 
duration of the physical activity or sports par-
ticipation, and joint injury history, etc. must be 
considered together. In this chapter, the effects 
of physical activity or sports participation on 
the onset of knee osteoarthritis will be 
described in the context of relevant published 
literature.

Keywords

Knee · Osteoarthritis · Physical activity  
Sport activity · Knee injury

4.1  Experimental/Animal 
Studies

The key function of the articular cartilage is to 
protect the subchondral bones by resisting ten-
sile, shear, and compressive forces. The amount 
and type of external mechanical loading on the 
joint are important factors that regulate the devel-
opment and homeostasis of the articular carti-
lage. Generally, injury of the articular cartilage is 
not induced by contact stress generated by nor-
mal daily activities in normal and healthy joints 
[1]. According to a biomechanical study using a 
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cadaveric knee, the maximum contact stress 
exerted to the medial and lateral tibial plateau 
during walking was 5.6  ±  1.5  MPa and 
7.3 ± 2.5 MPa, respectively, and 7.7 ± 2.9 MPa 
and 7.4 ± 2.3 MPa, respectively, for stair climb-
ing [2]. The compressive stress exerted on a joint 
during physical activity can increase to the range 
of 10–20 MPa [3], and a study reported that con-
tact stress of more than 25 MPa is necessary for 
the disruption of normal articular cartilage from a 
single impact [4–6]. However, some of the litera-
ture reports that articular cartilage damage or 
degeneration can occur even under contact stress 
of less than 25 MPa [3, 5, 7–10].

Moderate biomechanical loads on articular 
cartilage can stimulate the synthesis of chondro-
cyte sulfated-glycosaminoglycans and improve 
the quality of the articular cartilage [10, 11]. 
However, there is also some evidence to support 
the notion that joint loading generated by strenu-
ous exercise is a risk factor for the damage to the 
articular cartilage or occurrence of osteoarthritis 
(OA). Numerous animal studies have assessed 
the effects of increased physical activity on the 
articular cartilage. Stress applied to the knee joint 
varies highly depending on the type of physical 
activity or sports involved. Moreover, since the 
intensity of such activities differs depending on 
the participants, it is difficult to execute a stan-
dardized animal experiment model that can cover 
all of the possible types and intensities of activi-
ties. The majority of animal studies have evalu-
ated the effects of joint overuse on the articular 
cartilage in the format of applying repetitive 
loading or impacts to the knee joint or increasing 
the activity level of the animals. In addition, the 
majority of animal studies were conducted using 
dogs, rodents, rabbits, or sheep, and running was 
employed most commonly as the method of 
increasing the animals’ activity level. One study 
reported that repeated movement of the knee 
from 80° flexion to full extension and impact 
loading at full extension induces formation of 
chondrocyte clusters, fibrillation of the matrix, 
thickening of subchondral bone, and articular 
cartilage damage such as penetration of subchon-
dral capillaries into the calcified zone of articular 
cartilage in rabbits [12]. Newton et al. [13] evalu-

ated the effects of life-long running on canine 
articular cartilage. Exercise was performed on a 
treadmill by dogs in the experimental group 
wearing a jacket weighing 130% of their body 
weight (11.5  kg) (3  km/hour for 75  minutes, 
5 days a week for 527 weeks), while unrestricted 
activity in the cage was allowed for 550 weeks in 
the control group. In the evaluation of the articu-
lar cartilage of the knee joint on the 550th week 
of the study, there was no gross or microscopic 
difference between the two groups and also no 
difference in the mechanical properties of articu-
lar cartilage. Videman et  al. [14] evaluated the 
effects of repetitive movements on the articular 
cartilage by dividing rabbits into two groups and 
having them run on treadmills with inclinations 
of 0° or 20°, respectively. According to their 
results, glycosaminoglycan metabolism of the 
articular cartilage decreased in the uphill running 
group and irregularities were observed in the 
articular cartilage under electron microscopy 
scanning. Vasan et al. [15] evaluated changes in 
the metabolism of articular cartilage in the femo-
ral head after dogs underwent exercise on tread-
mills for 8  months. In this study, there was a 
reduction in the experimental group in hexos-
amine in the articulating area as well as the area 
surrounding the articulating area, along with a 
decrease in the size of the proteoglycan aggre-
gates and monomers with incorporation of more 
radioactive sulfate. In addition, glycosaminogly-
can chains from the articulating area were smaller 
than the control tissue with confirmation of an 
increase in chondroitin-4-sulfate synthesis. 
Kiviranata et al. [16, 17] evaluated the effects of 
running distance on the articular cartilage of 
canine knee joints and reported that moderate 
running exercise (4 km/day, 5 days a week) con-
ducted by beagles for 40  weeks increased the 
proteoglycan content and thickness of the uncal-
cified cartilage in the lateral condyle and patella 
on the femur. However, it was also reported that 
the proteoglycan content and thickness of uncal-
cified cartilage in the medial femoral condyle 
were reduced by strenuous running exercise 
(20  km/day, 5  days a week) conducted for 
15 weeks. Some researchers evaluated the effects 
of long-distance running on the metabolism of 
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articular cartilage in the knees and hip joints of 
young beagles. Arokoski et al. [18] reported that 
there was no change in the thickness of knee joint 
articular cartilage after running exercise of 
40 km/day for 15 weeks. However, running exer-
cise induced a reduction in the glycosaminogly-
can (GAG) content of the articular cartilage in the 
weight-bearing areas of the knee joint, and such 
change was observed mostly in the superficial 
zone of the articular cartilage. Evaluating the 
effects of long-distance running on the articular 
cartilage of the canine femoral head, it was 
reported that the femoral head articular cartilage 
displayed the greater capacity to adapt to 
increased mechanical loading with only minor 
biochemical changes in the structure and metabo-
lism of the proteoglycans of the extracellular 
matrix [19]. The shape of the joint was proposed 
as the reason for the differences in the effects of 
running exercise on the metabolism of the articu-
lar cartilage between the hip and knee joints, with 
the assertion that the more congruent hip joint 
appears to protect the articular joint by minimiz-
ing local impacts. In addition, the results of this 
study differed from research by Vasan et al. [15] 
who reported that running exercise imparted neg-
ative effects such as a reduction in proteoglycan 
in the articulating area and the surrounding areas 
of the canine femoral head. The authors assumed 
that the running programs and the breeds and 
ages of the dogs, which were not the same, would 
have had some influence on such results.

Although there have been many other studies 
that evaluated the effects of exercise on the artic-
ular cartilage, the results are generally quite 
 conflicting. In addition, since each of these stud-
ies used different types of animals, and the exer-
cise type, intensities, durations, and frequencies 
of exercise, as well as evaluated outcomes were 
not the same, it is difficult to objectively assess 
the correlation between exercise and articular 
cartilage health. Nonetheless, since the majority 
of animal studies used running as the method of 
increasing physical activity, analysis of changes 
in the biochemical content or macroscopic and 
microscopic evaluation of articular cartilage 
according to the exercise dose could be meaning-
ful. From such a perspective, a meta-analysis 

published recently evaluated the effects of daily 
exercise dose on the articular cartilage of the 
knee joint [20]. In this meta-analysis of 29 ran-
domized controlled trials, there was no signifi-
cant correlation between daily exercise dose and 
articular cartilage composition and thickness. 
However, the authors of this meta-analysis 
asserted that high amounts of daily exercise can 
have negative effects on articular cartilage matrix 
composition, while moderate amounts of daily 
exercise can have positive effects on articular car-
tilage matrix composition in healthy animals, 
although the effects of low daily amounts of exer-
cise are inconclusive.

According to the animal studies that have 
been published thus far, repetitive loading or 
stress exerted on the knee joint appears to have 
some effect on the metabolism of the articular 
cartilage, although there is ongoing debate on 
this issue. However, since the exercise regimen 
used was not the same for all studies, and animals 
and humans have different knee joint biomechan-
ics, it is difficult to conclude whether the results 
of such animal studies would be observed in 
human studies. Moreover, there remains inade-
quate evidence as to whether metabolic changes 
in the articular cartilage due to exercise acceler-
ates the occurrence of OA.  Accordingly, it is 
deemed that there is a need for a greater number 
of high-quality, randomized, and controlled stud-
ies in the future for this purpose.

4.2  The Role of Physical Activity 
or Sports Activity 
in the Development of Knee 
Osteoarthritis

Articular cartilage tolerance of chronic or repeti-
tive stress in humans is yet to be clearly estab-
lished. Although examination of the effects of 
physical activity or sports participation on the 
joints of human lower extremities including the 
knee has been carried out in numerous studies, 
there are extensive differences among study sub-
jects (general population or elite athletes), activ-
ity levels (leisurely physical activity or sporting 
activity), activity types, and outcomes. The types 
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and intensity of stress exerted on the knee joint 
vary for any given physical activity or sport. Even 
among participants of the same sport, the differ-
ence in the loading on the joint may be great 
depending on the activity levels involved. In 
addition, in order to evaluate the correlation 
between physical activity or sports participation 
and OA, it is necessary to consider not only the 
exercise pattern or intensity but also various other 
factors including the age, muscle strength, align-
ment, and joint stability of participants. Due to 
such numerous confounding factors, it is difficult 
to evaluate the effects of physical activity or 
sports on the development of knee OA. In spite of 
such limitations, there have been numerous 
cross-sectional, case-controlled, retrospective, 
and prospective cohort studies on this topic. 
Here, literature that is related predominantly to 
physical activity or sports and knee OA were 
reviewed.

4.2.1  General Population

4.2.1.1  Physical Activity (or Leisure/
Recreational Physical Activity)

Physical activity is defined as any bodily move-
ment produced by skeletal muscles that result in 
energy expenditure, and physical activity in daily 
life can be classified as occupational, sports, con-
ditioning, household, or other activities [21]. 
Numerous studies have investigated the correla-
tion between physical activity and occurrence of 
OA in the general population (Table  4.1), with 
many of these studies evaluating the level and 
quantity of physical activity by means of a 
questionnaire.

Cheng et  al. [22] evaluated regular physical 
activity and self-reported physician-diagnosed 
OA of the knee and/or hip by following up 16,961 
subjects aged 20 to 87 years for about 10 years 
(10.9 years for men and 9.9 years for women). 
This study reported that although there was a cor-
relation between high levels of physical activity 
(running 20 miles or more per week) and OA in 
younger men under the age of 50 years, there was 
no correlation between such physical activity and 
knee or hip OA in women or older men, after 

having adjusted for differences among subjects in 
body mass index (BMI), smoking, and use of 
alcohol or caffeine. Hannan et al. [23] evaluated 
the habitual physical activity assessed during 
middle-age and radiographic knee OA experi-
enced in later years for 1415 subjects from a 
Framingham study cohort with an average age of 
73  years. The authors reported no correlation 
between the level of habitual physical activity 
and radiographic knee OA after having adjusted 
for subject differences in age, BMI, knee injury, 
smoking, and education. However, men with 
high levels of habitual physical activity had sig-
nificantly elevated rates of asymptomatic osteo-
phytes. As such, the authors reported that, 
although habitual physical activity may not cause 
severe or symptomatic knee OA, it could have 
some influence on the development of osteo-
phytes. In addition, another study conducted with 
a Framingham study cohort reported that more 
than 4 hours of heavy physical activity per day is 
correlated with incidence of radiographic knee 
OA, and that heavy physical activity is an inde-
pendent risk factor for the development of knee 
OA in the elderly people, especially among obese 
individuals [24]. Another study that evaluated the 
correlation between physical activity and radio-
logical knee OA reported the mean amount of 
physical activity was associated with the preva-
lence of patellofemoral joint space narrowing in 
257 middle-aged women who were followed up 
annually over a period of 11 years [25].

While the aforementioned studies reported 
that the increase in physical activity was some-
what associated with the occurrence of knee OA, 
some authors have reported that regular physical 
activity during leisure time may provide protec-
tion against knee OA. In a prospective study con-
ducted on 8000 subjects representing the Finnish 
population over the age of 30 years, potential risk 
factors in the prediction of knee OA were ana-
lyzed. In the 22 years follow-up, knee OA was 
diagnosed in 95 of the 823 subjects (11.4%) who 
did not have knee OA at the baseline, and regular 
physical activity during leisure time including 
running, skiing, cycling, ball games, swimming, 
gymnastics, and weight lifting decreased the 
occurrence of knee OA [26]. However, it was 
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Table 4.1 The effect of physical activity on knee osteoarthritis in general population

Study Follow-up N (men/women) Osteoarthritis Association between PA and OA
Ageberg 
2012 [31]

11 y 28,320 (60% 
women)

Severe knee or hip OA, 
defined as knee or hip 
replacement

No association between leisure time PA 
and risk for knee or hip replacement 
due to OA

Cheng 2000 
[22]

Men: 10 
y
Women: 
9.9 y

16,961 
(12,888/4073)

Self-reported physician- 
diagnosed OA

High levels of PA
Men under age 50: HR 2.4 (95% CI, 
1.5–3.9)
No relationship among older men and 
women

Felson 2007 
[29]

9 y 1279 KL grade
OARSIA

No relationship between recreational 
exercise and OA

Hannan 1993 
[23]

NA 1404 (584/820) KL grade 3 or 4
KL grade 2 with knee 
symptoms

No association between PA and knee 
OA
Asymptomatic osteophyte:
Men with high level PA-adjusted OR 
2.14 (95% CI, 1.01–4.54)

Hart 1999 
[30]

4 y 715 women Osteophytes JSN No association between PA and knee 
OA
Walking (adjusted OR)
Osteophytes: 0.60 (95% CI, 0.22–1.71)
JSN: 0.38 (95% CI. 0.15–0.93)
Sport (adjusted OR)
Osteophytes: 1.23 (95% CI, 0.54–2.81)
JSN: 0.98 (95% CI, 0.42–2.30)

Hootman 
2003 [27]

12.8 y 5284 
(4308/976)

Self-reported physician- 
diagnosed hip/knee OA

No association between PA and hip/
knee OA

McAlindon 
1999 [24]

10 y 470 (177/293) Modified KL grade ≥ 2 Adjusted OR for ≥4 hours heavy PA/
day compared with no heavy PA: 7.0 
(95% CI, 2.4–20)

Mork 2012 
[28]

17 y 15,191 women
14,766 men

Self-reported physician- 
diagnosed OA

Exercise intensity was not associated 
with risk of OA in any BMI category

Szoeke 2006 
[25]

11 y 224 women JSN, osteophytes Adjusted OR
Tibiofemoral joint
Osteophytes: 6.99 (95% CI, 
0.75–65.49)
JSN: 0.96 (95% CI, 0.13–7.10)
Patellofemoral joint
Osteophytes: 1.19 (95% CI, 
0.12–12.11)
JSN: 17.17 (95% CI, 1.59–185.44)
Total knee
Osteophytes: 1.76(95% CI, 0.22–13.91)
JSN 5.91 (95% CI, 0.87–40.10)

Toivanen 
2010 [26]

22 y 823 (369/454) Self-reported physician- 
diagnosed OA

Leisure time physical activity (adjusted 
OR)
Little: 1
Irregular: 0.7 (95% CI, 0.4–1.3)
Regular: 0.5 (95% CI, 0.3–1.0)

Wang 2011 
[32]

4.8 y 39,023 Primary knee and hip 
replacement for OA

Increasing levels of total PA were 
associated with increased risk of 
primary knee replacement due to OA

BMI body mass index, CI confidence interval, HR hazard ratio, JSN joint space narrowing, KL Kellgren-Lawrence, NA 
not available, OA osteoarthritis, OARSI Osteoarthritis Research Society International Atlas, OR odds ratio, PA physical 
activity
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reported that physical stress at work is a risk fac-
tor for the occurrence of knee OA, and very 
heavy manual labor such as carrying furniture 
and engaging in forestry work are predictive of 
an extremely high risk of knee OA.

However, a correlation between physical 
activity and knee OA was not confirmed by other 
studies. In a longitudinal study of 5284 healthy 
adults without knee/hip OA, with an average fol-
low- up period of 12.8 years, Hootman et al. [27] 
reported that participation in leisure time physi-
cal activity did not increase the risk of knee/hip 
knee OA.  In a Norwegian HUNT study that 
included 15,191 women and 14,766 men with 
11 years of follow-up, it was found that regular 
exercise did not increase the risks of knee and hip 
OA, irrespective of the intensity of that exercise 
[28]. In a longitudinal study of 1279 adults with-
out OA, with an average of 9 year follow-up, it 
was reported that walking, jogging, or other self- 
reported physical activity neither increased nor 
reduced the risk of symptomatic or radiographic 
knee OA [29]. Another follow-up study over a 
period of 4 years conducted on 715 women from 
a Chingford cohort also reported that physical 
activity was not correlated with the presence of 
knee osteophytes or joint space narrowing [30].

Some authors have evaluated the correlation 
between physical activity and the risks of knee or 
hip replacement due to OA. Ageberg et al. [31] 
evaluated the correlation between leisure time 
physical activity and the risk of knee or hip 
replacement due to severe OA. In a prospective 
population-based cohort study of 28,320 partici-
pants with an average age of 58  years, with 
11 years of follow-up, it was reported that higher 
leisure time physical activity could play a 
 protective role for the hip against the necessity 
for hip replacements in women. In addition, it 
indicated that although there was a trend of 
higher risk of knee OA in accordance with higher 
leisure time activity levels, it was not significant. 
A prospective cohort study of 41,258 Australian 
adults reported that although there was a dose–
response relationship between the total physical 
activity level and the risk of knee replacement, 
there was no relationship with hip replacement 
[32].

Mixed results have been reported on the cor-
relation between physical activity and occurrence 
of OA in the general population. This is deemed 
to be the result of differences among studies in 
various aspects including the age of study sub-
jects, diagnostic method and standards for OA, 
and follow-up periods. Moreover, these studies 
have limitations in assessing the correlation 
between knee OA and particular sports, since 
physical activity can include both occupational 
activity and sporting activity.

4.2.1.2  Sport Activity
Many studies have evaluated the correlation 
between participation in sports and knee OA 
(Table 4.2). Some of the authors of these studies 
reported that participation in sports increased the 
risks of knee OA. A population-based longitudi-
nal study of 354 adults over the age of 55 years, 
with an average follow-up period of 5.1  years, 
evaluated risk factors for the incidence and pro-
gression of radiographic knee OA [33]. This 
study reported increased risk of incident radio-
graphic knee OA in subjects with a history of 
regular sports participation. In addition, it 
reported that various risk factors for knee OA, 
including such a history of regular sports partici-
pation, appeared to have influence on the inci-
dence rather than the radiographic progression. A 
case-controlled study conducted in Germany 
evaluated the dose–response relationships 
between sports participation and knee OA in 
male patients with knee OA [34]. In this study, a 
correlation was confirmed between participation 
in cycling and ball games (handball, volleyball, 
basketball), and symptomatic knee OA in the 
highest category of cumulative duration. 
Although there was a positive dose–response 
relationship in the second-highest category of 
duration (4000 to <7800 h) for soccer, the risk of 
knee OA did not increase significantly in the 
highest category (≥7800 h). Authors offered the 
“healthy athlete” effect, which signifies that ath-
letes with knee problems might quit playing soc-
cer at an earlier stage than those without knee 
problems, as the reason for the absence of a 
monotonic dose–response relationship in soccer. 
After adjustment for confounders, no correlation 
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was reported between knee OA and high cumula-
tive durations in sports including jogging/athlet-
ics, swimming, apparatus gymnastics, shot put, 
javelin, hammer throwing, wrestling, weight lift-
ing, and bodybuilding/strength training. Another 
case-controlled study reported that the risks of 
knee OA increased in females regularly engaged 
in gymnastics or kung fu [35]. In addition, it 
reported that lifting heavy loads and walking 
upstairs frequently also increased the risks of 
knee OA. Sandmark et al. [36] evaluated the cor-
relation between sports activities and knee OA by 
comparing 325 males and 300 females undergo-
ing knee replacements due to primary knee OA 
with 264 males and 284 females without knee 
OA. This study reported an increase in the risk of 
severe knee OA in males over the age of 65 with 
high levels of participation in all kinds of sports. 
It also reported that although cross-country ski-
ing, soccer, ice hockey/bandy, and track-and-field 
sports increased the risks of knee OA in men, 
jogging did not, while sports activities and mod-
erated daily general physical activity did not 
increase the risks of knee OA in women. While 
many studies have reported that sporting activity 
is correlated with knee OA to a certain extent in 
the general population, some authors have pro-
vided evidence to cast doubt on such a correla-
tion. Thelin et  al. [37] evaluated the effects of 
sports participation and previous knee injuries on 
the occurrence of knee OA. 356 males and 469 
females with an average age of 62.6 years were 
included in the case group of this case-controlled 
study which reported in a univariate analysis that 
although soccer, ice hockey, and tennis were 
found to increase the risks of knee OA in men, 
there was no correlation between any sports 
activities and knee OA after having adjusted for 
confounding factors including knee injuries.

Some studies have evaluated the risks of knee 
OA in non-elite long-distance runners. One of 
these studies evaluated the effects of repetitive 
external impact loading on bone and articular 
cartilage of knee joint using magnetic resonance 
imaging on 8 recreational or semi-professional 
marathon runners [38]. This study reported no 
pathological changes such as marrow edema, 
periosteal reactions, or joint effusions in pre-run 

and post-run scans of seven runners, with the 
exclusion of a subject who had undergone ante-
rior cruciate ligament reconstruction. Lane et al. 
[39] evaluated the correlation over a 9-year fol-
low- up period between running and radiographic 
knee OA progression in a prospective study of 28 
runners and 27 non-runner controls who were 
matched in terms of their age, years of education, 
and occupation. In this study, both the runners 
and the non-runners had no progression of radio-
graphic knee OA, and there was no significant 
difference between the 2 groups. Another pro-
spective study evaluated the presence of differ-
ences in the progression of knee OA between 45 
long-distance runners and 53 healthy non-runners 
with an average age of 58 through serial radio-
graphic observation over an average period of 
11.7 years [40]. This study reported no correla-
tion between long-distance running and acceler-
ated radiographic knee OA in healthy older 
individuals.

4.2.2  Elite Adult Athlete

There have been several studies evaluating the 
incidence of OA in lower extremity joints includ-
ing the knee in former elite male athletes 
(Table 4.3). A case-controlled study conducted in 
Finland evaluated the cumulative 21-year inci-
dence of hospital admissions for hip, knee, and 
ankle OA among 2049 male elite athletes and 
1403 control subjects [41]. International-level 
athletes in endurance sports such as long-distance 
running and cross country skiing, power sports 
such as boxing, wrestling, weight lifting, and 
throwing, and team sports such as soccer, ice 
hockey, basketball, and track and field were 
included in this study. It reported that incidence 
of admission due to OA of lower extremity joints 
was higher than that of the controls in all types of 
sports, with participants in team sports and power 
sports being hospitalized at a relatively younger 
age in comparison to participants in endurance 
sports. Another study by the same authors that 
included 991 elite athletes and 577 control sub-
jects evaluated the correlation between previous 
lower extremity loading and current self-reported 
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hip and knee disability [42]. This study reported 
that, after adjusting for subject age, body mass 
index, and occupational group, although the team 
sport athletes had higher risks of knee disability 
in comparison to the control group, the risks in 
other sports athletes were similar to those of the 
control group. Kujala et  al. [43] reported in an 
analysis of the correlation between different 
types of sports and knee OA in long-distance run-
ners, soccer players, weight lifters, and shooters, 
that prevalence of tibio-femoral or patella- 
femoral OA was 3%, 29%, 31%, and 14% for the 
shooters, soccer players, weight lifters, and run-
ners, respectively, while the prevalence of tibio- 
femoral OA was the highest for soccer players at 
29% and the prevalence of patellofemoral OA 
was the highest for weight lifters at 28%. Iosifidis 
et al. [44] evaluated the prevalence of clinical and 
radiographic OA of the lower extremities in 281 
former elite male athletes over the age of 40 and 
181 male control subjects from the general popu-
lation. This study included soccer, volleyball, 
martial arts, track and field, basketball players, 
and skiers. It was reported that although there 
was no significant difference in the prevalence of 
clinical OA between the two groups, the preva-
lence of radiographic OA was 36.6% for the for-
mer elite athletes, which was significantly higher 
than that of the control subjects at 23.9%. In par-
ticular, it reported that knee radiographic OA was 
more common for soccer and basketball players 
in comparison to the control subjects. The preva-
lence of clinical and radiographic OA was similar 
between the former athletes of different sports. 
Konradsen et al. [45] reported no significant dif-
ference in the grades of the degenerative changes 
and osteophytosis of hip and knee joints between 
27 long-distance male runners and 27 non- 
runners. Although the majority of studies that 
have evaluated the effects of sports participation 
on knee OA in elite athletes have focused on male 
athletes, some have used female elite athletes as 
subjects. In a retrospective cohort study that com-
pared the risks of hip and knee OA between 81 
ex-elite female athletes including 67 middle and 
long-distance runners and 14 tennis players, and 
177 age-matched female control subjects, it was 
reported that the ex-athletes were 2-3 times at 

risk of radiologic OA in the hip and knee joints 
[46]. It also reported that the majority of radio-
logic features were in the early stages, with ten-
nis players having more osteophytes in the 
tibio-femoral joints while runners were affected 
by patellofemoral joint disease.

Some authors have evaluated the risks of OA 
in the lower extremity joints of top-level soccer/
football players. In a study that evaluated the 
prevalence of OA in the hip and knee joints of 57 
retired football players with an average age of 
56.4 and 57 control subjects, it was reported that 
although OA in the hip joint occurred more com-
monly for the football players in comparison to 
the control subjects, there was no difference in 
the knee OA between the two groups [47]. In a 
study of 185 retired professional soccer players 
conducted in the United Kingdom, it was reported 
that 32% of subjects were diagnosed with OA in 
at least one of the lower extremity joints, and 
knee OA was more common than OA of the ankle 
or hip joint [48]. Roos et  al. [49] evaluated the 
prevalence of knee OA between former football 
players with an average age of 55 that included 
215 non-elite and 71 elite players, and 572 age- 
matched control subjects. This study reported 
that a significant difference in the prevalence of 
knee OA between the two groups, with a rate of 
1.6% for the control subjects and 7.0% for the 
football players. In addition, a significant differ-
ence between the elite players and non-elite play-
ers was confirmed, with a prevalence of 15.5% 
among elite players and 4.2% for non-elite play-
ers. The authors reported that although the risks 
of knee OA increased significantly for elite-level 
soccer players, there was no significant differ-
ence in the prevalence of knee OA between non- 
elite players and the control subjects when the 
study subjects with previous knee injuries were 
excluded. In a cross-sectional study of 50 male 
former top-level football players and 50 non- 
sporting volunteers, it was reported that the fre-
quency of radiologically confirmed knee OA was 
higher for the football players group in compari-
son to the control group, although the difference 
was not statistically significant [50]. In addition, 
it was reported that although the proportion of the 
subjects having radiologically advanced OA was 
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80% in the football player group, significantly 
higher than 68% for the control group, the fre-
quency and severity of pain were higher in the 
control group. In a cross-sectional study of 2356 
retired National Football League (NFL) players 
in the United States, it was reported that the prev-
alence of arthritis was three times higher for 
retired NFL players in comparison to the general 
population, with the conclusion that such high 
prevalence can be contributed to the high inci-
dence of injuries in the sport [51].

Some studies have evaluated the prevalence of 
knee OA among physical education teachers. In a 
study of 290 Swedish men and 281 Swedish 
women and 255 male and 257 female age- 
matched control subjects that compared the prev-
alence of OA in physical education teachers, it 
was reported that all of the male and female phys-
ical education teachers displayed a higher preva-
lence of symptomatic OA of the knee [52]. In 
another study, it was reported that although there 
was no significant difference in the prevalence of 
hip joint OA between female physical education 
teachers and age-matched women from the gen-
eral population, female physical education teach-
ers had a lower prevalence of knee OA [53].

4.2.3  Knee Injury

Many of the studies that have reported a correla-
tion between physical activity or sports participa-
tion and knee OA did not make any considerations 
for joint injuries. However, joint injury is consid-
ered an important risk factor of OA [54–57]. In a 
12-year follow-up study of female soccer players 
with anterior cruciate ligament injuries, it was 
reported that radiologic knee OA was confirmed 
in 82% of the players [58]. Moreover, a case- 
controlled study of 2432 retired NFL players 
reported that 7.7% of these players underwent 
knee replacement after retirement and that joint 
injury is a risk factor for knee replacement [59]. 
In one meta-analysis, the relative risk of the 
occurrence of OA of Kellgren and Lawrence 
grades II or higher on average 10 years after ante-
rior cruciate ligament injury was 3.89 [60]. 
Therefore, in order to evaluate whether physical 

activity or sports participation itself increases the 
risks of knee OA, it is necessary to consider the 
effects of physical or sports-related joint 
injuries.

In some of the studies conducted on the gen-
eral population, previous joint injuries were 
included as confounding variables in the analysis 
of the correlation between physical activity or 
sports participation and knee OA.  However, a 
significant correlation between physical activity 
or sports participation and knee OA was not con-
firmed following adjustment for joint injuries in 
most of these studies [23, 26, 27, 37]. On the 
other hand, other studies reported that heavy 
physical activity or specific types of sports activi-
ties increase the risks of knee OA even after hav-
ing made adjustment for joint injuries [24, 35]. 
Some of the literature evaluating the risks of knee 
OA in elite athletes with consideration of joint 
injury history has reported that radiographic knee 
OA was higher in comparison to the control 
group, after having excluded athletes with a his-
tory of joint injuries [43, 44].

4.2.4  Systematic Reviews 
and Meta-Analyses

In the middle of the 2000s, the OASIS group 
stated with a high degree of scientific evidence 
that sports and recreational activity are risk fac-
tors for knee OA, and that this risk correlates 
with the intensity and the duration of exposure 
[61]. However, it also stated with a high degree of 
scientific evidence that the risk of OA associated 
with sport is lower than the risks associated with 
trauma history and overweight. Several system-
atic reviews and meta-analysis of the correlation 
between physical activity or sports participation 
and knee OA were published thereafter. One sys-
tematic review evaluated the prevalence of chon-
dral defects in athletes’ knees among 732 men 
and 199 women from 11 case series [62]. The 
average age of the study subjects was 33, with 
40% of the subjects consisting of professional 
athletes. In this study, the overall prevalence of 
full-thickness focal chondral defects in the knee 
was 36%, which is asserted to be higher than that 
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of the general population. In addition, it reported 
meniscal tear as being the most common con-
comitant pathological finding. Although this sys-
tematic review did not make a direct comparison 
of prevalence between athletes and the general 
population, the fact that full-thickness focal 
chondral defects, deemed to be a potential risk 
factor for the development of OA, was confirmed 
in more than one-third of study subjects implies 
that the possibility of occurrence of early-onset 
knee OA in athletes in the future could be high. 
However, this study did not consider the effects 
of knee injuries and also had the limitation that 
research cited consisted of case series with level 
4 evidence. Another systematic review concluded 
that although previous joint injuries and previous 
incidence of meniscectomy are related to 
increased risk of knee OA, there was an inconclu-
sive correlation between physical activity or 
sports participation and knee OA [63]. In a sys-
tematic review and meta-analysis of the correla-
tion between running and knee OA, it was 
asserted that a conclusion could not be reached as 
to whether running is associated with the diagno-
sis of knee OA. However, in a meta-analysis of 
three case-controlled studies, it was reported that 
runners had approximately 50% more reduced 
odds of undergoing surgery due to OA in com-
parison to control subjects. Such results differed 
from other prospective cohorts that reported that 
running increases the odds of OA diagnosis or 
that running was irrelevant to OA diagnosis [29, 
64]. The authors described that the reason for the 
different outcomes was that the definitions of 
study designs, population, and outcomes were 
different. A systematic review of 17 studies that 
evaluated the correlation between participation in 
specific sports and knee OA reported that partici-
pants in soccer (elite and non-elite), elite-level 
long-distance running, competitive weight lift-
ing, and wrestling had the increased prevalence 
of knee OA [65]. Some authors have systemati-
cally reviewed the literature evaluating the preva-
lence of knee OA in soccer players. One 
systematic review of 4 cross-sectional studies 
reported that the prevalence of knee OA in elite 
soccer players is in the range of 40–80%, which 
is higher than that of the general population [66]. 

In a systematic review that included 1576 former 
professional male soccer players and 2153 con-
trol subjects from 16 studies, it was reported that 
results of the prevalence of knee OA and knee 
replacement are contradictory [67].

4.3  Summary

The load exerted on the knee joint while walking 
is approximately three times one’s body weight 
[68]. However, it is reported that the loads 
increase to approximately 4.3, 6, and 8 times 
body weight when climbing stairs, walking 
downstairs, and walking downhill, respectively. 
Furthermore, sports activities can increase the 
load exerted on the knee joint substantially more. 
The load exerted on the knee joint while jogging 
increases to nine times the body weight at each 
stride and to 14 times when an individual is run-
ning [68]. Although there is an extensive range of 
evidence stating that regular exercise is beneficial 
to general health, there is still no clear conclusion 
on the effects of long-term increase in physical 
activity or participation in recreational or com-
petitive sporting activity on the joints of the lower 
extremity including the knees. Although abnor-
mal biomechanical loading or stress exerted on 
the articular cartilage clearly appears to play a 
role in the development of OA, the pathophysiol-
ogy of OA is yet to be understood clearly.

It was confirmed through some animal studies 
that repetitive loading or stress exerted on the 
knee joint affects the metabolism of articular car-
tilage. However, each of these studies used differ-
ent animal types and exercise programs, and 
there are differences in the anatomical structure, 
biomechanics, and metabolism of the knee joints 
of animals and human beings. Although some 
studies have analyzed the correlation between 
physical activity or sports participation and knee 
OA in human subjects, they have produced con-
flicting results. This is deemed to be the result of 
differences between studies not only in the per-
sonal characteristics of study subjects including 
age, past family history of OA, alignment, body 
weight, and occupation, but also in various 
aspects such as types of physical activity or sports 
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participation, duration of participation, exercise 
intensity, follow-up period, and methods of diag-
nosis of OA. In addition, many studies have eval-
uated the risk factors for knee OA based on 
self-reported data. However, one must keep in 
mind that such data has the possibility of recall 
bias. Another aspect that must be noted at the 
time of the evaluation of correlations between 
participation in physical or sporting activity and 
knee OA is joint injuries. Individuals who regu-
larly participate in long-term physical or sporting 
activity may have a relatively higher risk of joint 
injuries in comparison to individuals who do not 
participate in physical or sporting activity. 
Although there is no clear standard on how severe 
knee trauma has to be defined as a joint injury, 
the joint injury itself is deemed to be an indepen-
dent risk factor for OA.

It is difficult to reach conclusions on the corre-
lation between physical activity or sports partici-
pation and knee OA due to various confounding 
factors such as joint injuries. However, based on 
the current literature, there is insufficient evidence 
for the assertion that physical or sports activity, 
which exerts low-to- moderate loading on the knee 
joint, increases the possibility of occurrence of 
knee OA. Nonetheless, it appears that participation 
in some types of sports such as football by elite 
athletes is associated with an increased risk of 
knee OA to a certain extent. However, more 
research is needed to reach a conclusion as to 
whether the risk of knee OA will also increase in 
elite athletes without joint injuries.

References

 1. Buckwalter JA.  Sports, joint injury, and posttrau-
matic osteoarthritis. J Orthop Sports Phys Ther. 
2003;33(10):578–88.

 2. Gilbert S, Chen T, Hutchinson ID, Choi D, Voigt C, 
Warren RF, Maher SA. Dynamic contact mechanics 
on the tibial plateau of the human knee during activi-
ties of daily living. J Biomech. 2014;47(9):2006–12.

 3. Adams MA (2006) The mechanical environment 
of chondrocytes in articular cartilage. Biorheology 
43(3,4):537–545.

 4. Repo RU, Finlay JB.  Survival of articular carti-
lage after controlled impact. J Bone Joint Surg Am. 
1977;59(8):1068–76.

 5. Brown TD, Shaw DT.  In vitro contact stress dis-
tributions in the natural human hip. J Biomech. 
1983;16(6):373–84.

 6. Nelson BH, Anderson DD, Brand RA, Brown 
TD. Effect of osteochondral defects on articular car-
tilage. Contact pressures studied in dog knees. Acta 
Orthop Scand. 1988;59(5):574–9.

 7. Brown TD, Anderson DD, Nepola JV, Singerman RJ, 
Pedersen DR, Brand RA.  Contact stress aberrations 
following imprecise reduction of simple tibial plateau 
fractures. J Orthop Res. 1988;6(6):851–62.

 8. Hadley NA, Brown TD, Weinstein SL. The effects of 
contact pressure elevations and aseptic necrosis on 
the long-term outcome of congenital hip dislocation. J 
Orthop Res. 1990;8(4):504–13.

 9. Maxian TA, Brown TD, Weinstein SL. Chronic stress 
tolerance levels for human articular cartilage: two 
nonuniform contact models applied to long-term fol-
low- up of CDH. J Biomech. 1995;28(2):159–66.

 10. Siebelt M, Groen HC, Koelewijn SJ, de Blois E, 
Sandker M, Waarsing JH, Muller C, van Osch GJ, 
de Jong M, Weinans H.  Increased physical activity 
severely induces osteoarthritic changes in knee joints 
with papain induced sulfate-glycosaminoglycan 
depleted cartilage. Arthritis Res Ther. 2014;16(1):R32.

 11. Galois L, Etienne S, Grossin L, Cournil C, Pinzano 
A, Netter P, Mainard D, Gillet P (2003) Moderate- 
impact exercise is associated with decreased severity 
of experimental osteoarthritis in rats. Rheumatology 
(Oxford) 42 (5):692–693; author reply 693–694.

 12. Dekel S, Weissman SL.  Joint changes after overuse 
and peak overloading of rabbit knees in  vivo. Acta 
Orthop Scand. 1978;49(6):519–28.

 13. Newton PM, Mow VC, Gardner TR, Buckwalter JA, 
Albright JP. Winner of the 1996 Cabaud Award. The 
effect of lifelong exercise on canine articular carti-
lage. Am J Sports Med. 1997;25(3):282–7.

 14. Videman T, Eronen I, Candolin T. Effects of motion 
load changes on tendon tissues and articular cartilage. 
A biochemical and scanning electron microscopic 
study on rabbits. Scand J Work Environ Health. 
1979;5(suppl 3):56–67.

 15. Vasan N. Effects of physical stress on the synthesis 
and degradation of cartilage matrix. Connect Tissue 
Res. 1983;12(1):49–58.

 16. Kiviranta I, Tammi M, Jurvelin J, Arokoski J, 
Saamanen AM, Helminen HJ.  Articular cartilage 
thickness and glycosaminoglycan distribution in the 
canine knee joint after strenuous running exercise. 
Clin Orthop Relat Res. 1992;283:302–8.

 17. Kiviranta I, Tammi M, Jurvelin J, Saamanen AM, 
Helminen HJ.  Moderate running exercise augments 
glycosaminoglycans and thickness of articular carti-
lage in the knee joint of young beagle dogs. J Orthop 
Res. 1988;6(2):188–95.

 18. Arokoski J, Kiviranta I, Jurvelin J, Tammi M, 
Helminen HJ.  Long-distance running causes site- 
dependent decrease of cartilage glycosaminoglycan 
content in the knee joints of beagle dogs. Arthritis 
Rheum. 1993;36(10):1451–9.

C.-R. Lee



77

 19. Lammi MJ, Hakkinen TP, Parkkinen JJ, Hyttinen MM, 
Jortikka M, Helminen HJ, Tammi MI. Adaptation of 
canine femoral head articular cartilage to long dis-
tance running exercise in young beagles. Ann Rheum 
Dis. 1993;52(5):369–77.

 20. Bricca A, Juhl CB, Grodzinsky AJ, Roos EM. Impact 
of a daily exercise dose on knee joint cartilage  – a 
systematic review and meta-analysis of randomized 
controlled trials in healthy animals. Osteoarthr Cartil. 
2017;25(8):1223–37.

 21. Caspersen CJ, Powell KE, Christenson GM. Physical 
activity, exercise, and physical fitness: definitions and 
distinctions for health-related research. Public Health 
Rep. 1985;100(2):126–31.

 22. Cheng Y, Macera CA, Davis DR, Ainsworth BE, 
Troped PJ, Blair SN.  Physical activity and self- 
reported, physician-diagnosed osteoarthritis: is 
physical activity a risk factor? J Clin Epidemiol. 
2000;53(3):315–22.

 23. Hannan MT, Felson DT, Anderson JJ, Naimark 
A.  Habitual physical activity is not associated 
with knee osteoarthritis: the Framingham Study. J 
Rheumatol. 1993;20(4):704–9.

 24. McAlindon TE, Wilson PW, Aliabadi P, Weissman 
B, Felson DT. Level of physical activity and the risk 
of radiographic and symptomatic knee osteoarthritis 
in the elderly: the Framingham study. Am J Med. 
1999;106(2):151–7.

 25. Szoeke C, Dennerstein L, Guthrie J, Clark M, 
Cicuttini F.  The relationship between prospectively 
assessed body weight and physical activity and preva-
lence of radiological knee osteoarthritis in postmeno-
pausal women. J Rheumatol. 2006;33(9):1835–40.

 26. Toivanen AT, Heliovaara M, Impivaara O, Arokoski 
JP, Knekt P, Lauren H, Kroger H.  Obesity, physi-
cally demanding work and traumatic knee injury 
are major risk factors for knee osteoarthritis—a 
population-based study with a follow-up of 22 years. 
Rheumatology (Oxford). 2010;49(2):308–14.

 27. Hootman JM, Macera CA, Helmick CG, Blair 
SN. Influence of physical activity-related joint stress 
on the risk of self-reported hip/knee osteoarthritis: a 
new method to quantify physical activity. Prev Med. 
2003;36(5):636–44.

 28. Mork PJ, Holtermann A, Nilsen TI.  Effect of body 
mass index and physical exercise on risk of knee 
and hip osteoarthritis: longitudinal data from the 
Norwegian HUNT Study. J Epidemiol Community 
Health. 2012;66(8):678–83.

 29. Felson DT, Niu J, Clancy M, Sack B, Aliabadi P, 
Zhang Y. Effect of recreational physical activities on 
the development of knee osteoarthritis in older adults 
of different weights: the Framingham Study. Arthritis 
Rheum. 2007;57(1):6–12.

 30. Hart DJ, Doyle DV, Spector TD.  Incidence and risk 
factors for radiographic knee osteoarthritis in middle- 
aged women: the Chingford Study. Arthritis Rheum. 
1999;42(1):17–24.

 31. Ageberg E, Engstrom G, Gerhardsson de Verdier M, 
Rollof J, Roos EM, Lohmander LS. Effect of leisure 

time physical activity on severe knee or hip osteoar-
thritis leading to total joint replacement: a population- 
based prospective cohort study. BMC Musculoskelet 
Disord. 2012;13:73.

 32. Wang Y, Simpson JA, Wluka AE, Teichtahl AJ, 
English DR, Giles GG, Graves S, Cicuttini FM.  Is 
physical activity a risk factor for primary knee or 
hip replacement due to osteoarthritis? A prospective 
cohort study. J Rheumatol. 2011;38(2):350–7.

 33. Cooper C, Snow S, McAlindon TE, Kellingray S, 
Stuart B, Coggon D, Dieppe PA. Risk factors for the 
incidence and progression of radiographic knee osteo-
arthritis. Arthritis Rheum. 2000;43(5):995–1000.

 34. Vrezas I, Elsner G, Bolm-Audorff U, Abolmaali N, 
Seidler A.  Case-control study of knee osteoarthritis 
and lifestyle factors considering their interaction with 
physical workload. Int Arch Occup Environ Health. 
2010;83(3):291–300.

 35. Lau EC, Cooper C, Lam D, Chan VN, Tsang KK, 
Sham A. Factors associated with osteoarthritis of the 
hip and knee in Hong Kong Chinese: obesity, joint 
injury, and occupational activities. Am J Epidemiol. 
2000;152(9):855–62.

 36. Sandmark H, Vingard E.  Sports and risk for severe 
osteoarthrosis of the knee. Scand J Med Sci Sports. 
1999;9(5):279–84.

 37. Thelin N, Holmberg S, Thelin A. Knee injuries account 
for the sports-related increased risk of knee osteoar-
thritis. Scand J Med Sci Sports. 2006;16(5):329–33.

 38. Hohmann E, Wortler K, Imhoff AB. MR imaging of 
the hip and knee before and after marathon running. 
Am J Sports Med. 2004;32(1):55–9.

 39. Lane NE, Oehlert JW, Bloch DA, Fries JF. The rela-
tionship of running to osteoarthritis of the knee and hip 
and bone mineral density of the lumbar spine: a 9 year 
longitudinal study. J Rheumatol. 1998;25(2):334–41.

 40. Chakravarty EF, Hubert HB, Lingala VB, Zatarain 
E, Fries JF.  Long distance running and knee osteo-
arthritis. A prospective study. Am J Prev Med. 
2008;35(2):133–8.

 41. Kujala UM, Kaprio J, Sarna S.  Osteoarthritis of 
weight bearing joints of lower limbs in former elite 
male athletes. BMJ. 1994;308(6923):231–4.

 42. Kettunen JA, Kujala UM, Kaprio J, Koskenvuo M, 
Sarna S.  Lower-limb function among former elite 
male athletes. Am J Sports Med. 2001;29(1):2–8.

 43. Kujala UM, Kettunen J, Paananen H, Aalto T, Battie 
MC, Impivaara O, Videman T, Sarna S. Knee osteoar-
thritis in former runners, soccer players, weight lifters, 
and shooters. Arthritis Rheum. 1995;38(4):539–46.

 44. Iosifidis MI, Tsarouhas A, Fylaktou A.  Lower limb 
clinical and radiographic osteoarthritis in former elite 
male athletes. Knee Surg Sports Traumatol Arthrosc. 
2015;23(9):2528–35.

 45. Konradsen L, Hansen EM, Sondergaard L. Long dis-
tance running and osteoarthrosis. Am J Sports Med. 
1990;18(4):379–81.

 46. Spector TD, Harris PA, Hart DJ, Cicuttini FM, Nandra 
D, Etherington J, Wolman RL, Doyle DV.  Risk of 
osteoarthritis associated with long-term weight- 

4 Knee Osteoarthritis and Sports



78

bearing sports: a radiologic survey of the hips and 
knees in female ex-athletes and population controls. 
Arthritis Rheum. 1996;39(6):988–95.

 47. Klunder KB, Rud B, Hansen J. Osteoarthritis of the 
hip and knee joint in retired football players. Acta 
Orthop Scand. 1980;51(6):925–7.

 48. Drawer S, Fuller CW.  Propensity for osteoarthritis 
and lower limb joint pain in retired professional soc-
cer players. Br J Sports Med. 2001;35(6):402–8.

 49. Roos H, Lindberg H, Gardsell P, Lohmander LS, 
Wingstrand H. The prevalence of gonarthrosis and its 
relation to meniscectomy in former soccer players. 
Am J Sports Med. 1994;22(2):219–22.

 50. Elleuch MH, Guermazi M, Mezghanni M, Ghroubi 
S, Fki H, Mefteh S, Baklouti S, Sellami S.  Knee 
osteoarthritis in 50 former top-level soccer play-
ers: a comparative study. Ann Readapt Med Phys. 
2008;51(3):174–8.

 51. Golightly YM, Marshall SW, Callahan LF, 
Guskiewicz K.  Early-onset arthritis in retired 
National Football League players. J Phys Act 
Health. 2009;6(5):638–43.

 52. Sandmark H.  Musculoskeletal dysfunction in 
physical education teachers. Occup Environ Med. 
2000;57(10):673–7. https://doi.org/10.1136/
oem.57.10.673.

 53. White JA, Wright V, Hudson AM.  Relationships 
between habitual physical activity and osteoarthrosis 
in ageing women. Public Health. 1993;107(6):459–70.

 54. Driban JB, Eaton CB, Lo GH, Ward RJ, Lu B, 
McAlindon TE.  Association of knee injuries with 
accelerated knee osteoarthritis progression: data 
from the Osteoarthritis Initiative. Arthritis Care Res 
(Hoboken). 2014;66(11):1673–9.

 55. Lotz MK, Kraus VB.  New developments in osteo-
arthritis. Posttraumatic osteoarthritis: pathogenesis 
and pharmacological treatment options. Arthritis Res 
Ther. 2010;12(3):211.

 56. Saxon L, Finch C, Bass S. Sports participation, sports 
injuries and osteoarthritis: implications for preven-
tion. Sports Med. 1999;28(2):123–35.

 57. Whittaker JL, Toomey CM, Woodhouse LJ, Jaremko 
JL, Nettel-Aguirre A, Emery CA.  Association 
between MRI-defined osteoarthritis, pain, function 
and strength 3–10 years following knee joint injury in 
youth sport. Br J Sports Med. 2018;52(14):934–9.

 58. Lohmander LS, Ostenberg A, Englund M, Roos 
H. High prevalence of knee osteoarthritis, pain, and 

functional limitations in female soccer players twelve 
years after anterior cruciate ligament injury. Arthritis 
Rheum. 2004;50(10):3145–52.

 59. Davies MAM, Kerr ZY, DeFreese JD, Arden 
NK, Marshall SW, Guskiewicz KM, Padua DA, 
Pietrosimone B.  Prevalence of and risk fac-
tors for total hip and knee replacement in retired 
national football league athletes. Am J Sports Med. 
2019;47(12):2863–70.

 60. Ajuied A, Wong F, Smith C, Norris M, Earnshaw P, 
Back D, Davies A. Anterior cruciate ligament injury 
and radiologic progression of knee osteoarthritis: a 
systematic review and meta-analysis. Am J Sports 
Med. 2014;42(9):2242–52.

 61. Vignon E, Valat JP, Rossignol M, Avouac B, 
Rozenberg S, Thoumie P, Avouac J, Nordin M, 
Hilliquin P.  Osteoarthritis of the knee and hip and 
activity: a systematic international review and synthe-
sis (OASIS). Joint Bone Spine. 2006;73(4):442–55.

 62. Flanigan DC, Harris JD, Trinh TQ, Siston RA, 
Brophy RH.  Prevalence of chondral defects in ath-
letes’ knees: a systematic review. Med Sci Sports 
Exerc. 2010;42(10):1795–801.

 63. Richmond SA, Fukuchi RK, Ezzat A, Schneider 
K, Schneider G, Emery CA.  Are joint injury, 
sport activity, physical activity, obesity, or occu-
pational activities predictors for osteoarthritis? 
A systematic review. J Orthop Sports Phys Ther. 
2013;43(8):515–B519.

 64. Kujala UM, Sarna S, Kaprio J, Koskenvuo M, 
Karjalainen J. Heart attacks and lower-limb function 
in master endurance athletes. Med Sci Sports Exerc. 
1999;31(7):1041–6.

 65. Driban JB, Hootman JM, Sitler MR, Harris KP, 
Cattano NM. Is participation in certain sports associ-
ated with knee osteoarthritis? A systematic review. J 
Athl Train. 2017;52(6):497–506.

 66. Kuijt MT, Inklaar H, Gouttebarge V, Frings-Dresen 
MH. Knee and ankle osteoarthritis in former elite soc-
cer players: a systematic review of the recent litera-
ture. J Sci Med Sport. 2012;15(6):480–7.

 67. Lohkamp M, Kromer TO, Schmitt H. Osteoarthritis 
and joint replacements of the lower limb and 
spine in ex-professional soccer players: a 
systematic review. Scand J Med Sci Sports. 
2017;27(10):1038–49.

 68. Morrison JB. The mechanics of the knee joint in rela-
tion to normal walking. J Biomech. 1970;3(1):51–61.

C.-R. Lee

https://doi.org/10.1136/oem.57.10.673
https://doi.org/10.1136/oem.57.10.673


79© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021 
S.-S. Seo (ed.), A Strategic Approach to Knee Arthritis Treatment, 
https://doi.org/10.1007/978-981-16-4217-3_5

Epidemiology and Pathogenesis

Young Choi

Abstract

It has been reported that radiologically, osteo-
arthritis is observed in 19.2% to 27.8% of 
patients over 45 years of age in the knee joint 
worldwide and in 37% of patients over 
60 years of age. In Korea, it has been reported 
that radiologically, osteoarthritis occurred in 
38.1% of population in a certain region over 
the age of 65, showing similar frequency com-
pared to foreign countries. But, the incidence 
of osteoarthritis is affected by race, age, gen-
der, genetics, obesity, and occupation. Direct 
health-care costs 1% and 2.5% of the gross 
domestic product but the national costs, 
together with the personal costs due to work 
loss and premature retirement are also sub-
stantial. The pathogenesis of osteoarthritis of 
the knee is explained by the damage of carti-
lage and the response of chondrocytes of car-
tilage (secreting various cytokines). It leads to 
reduction of anabolic and proliferative 
responses of cells. In the pathology of osteoar-
thritis of the knee, the key is hyaline cartilage, 
synovium, subchondral bone. The volume of 
hyaline cartilage damaged by osteoarthritis 
decreases. The loss of hyaline cartilage stimu-
lates the formation of osteophytes at the joint 

margins. In the synovial membrane, synovial 
membrane cells are overproliferated leading 
to secrete excessive synovial fluid.
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5.1  Epidemiology 
of Osteoarthritis of the Knee

5.1.1  Prevalence of Osteoarthritis 
of the Knee

To define radiographic osteoarthritis in epide-
miologic studies, the World Health Organization 
(WHO) adopted the Kellgren and Lawrence 
score, which grades the severity of the disease 
from 0 to 4 by the appearance of osteophytes, 
joint space loss, sclerosis, and cyst [1–5]. It has 
been reported that radiologically, osteoarthritis 
is observed in 19.2% to 27.8% of patients over 
45 years of age in the knee joint worldwide and 
in 37% of patients over 60 years of age [1, 5–7]. 
In Korea, it has been reported that radiologi-
cally, osteoarthritis occurred in 38.1% of popu-
lation in a certain region over the age of 65, 
showing similar frequency compared to foreign 
countries [8–11].
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5.1.2  Incidence of Osteoarthritis 
of the Knee

The age-standardized incidence of patients with 
knee OA remained stable with 4.23% in 1996 and 
3.75% in 2015 (AAPC = −0.5, 95%CI −1.4 to 
0.5), but showed a positive trend between 2006 
and 2015 from 3.05% to 3.75%, respectively 
(APC  =  1.9, 95%CI 0.4 to 3.5). Between 2006 
and 2015, this positive trend was higher for men 
(APC = 2.5, 95%CI 0.5 to 4.5) than for women 
(APC = 1.9, 95%CI 0.4 to 3.5) [7].

Other study used Spanish and UK general 
practice registry data to report on the incidence of 
osteoarthritis in the general population, and 
showed that the effects of age on individual risk 
of knee osteoarthritis in women follow similar 
patterns, with risk increasing rapidly (much more 
rapidly than in men) between the ages of 50 years 
and 75 years. This study reported peaks in inci-
dence generally around the age of 75 years [4].

5.1.3  Socioeconomic Burden 
of Osteoarthritis of the Knee

Osteoarthritis is a common and disabling condi-
tion that represents a substantial and increasing 
health burden with notable implications for the 
individuals affected, health-care systems, and 
wider socioeconomic costs. Knee osteoarthritis 
accounts for approximately 85% of the burden of 
osteoarthritis worldwide. In terms of disability 
burden, osteoarthritis was responsible for the 
largest increases in years lived with disability at 
the global population level, relative to the other 
top 20 causes of disability, when comparing the 
period 1990–2005 with 2005–15 [4].

Sebbag et al. investigated the worldwide bur-
den of musculoskeletal diseases between 2000 
and 2015. They extracted Disease-Adjusted life 
years (DALYs) which combine the years of life 
lost (YLLs) and the years lived with disability 
(YLDs) of 183 countries from the WHO Global 
Health Estimates Database for 23 WHO catego-
ries of diseases. Based on these data the world-
wide burden of musculoskeletal disorders as 
quantified using DALYs increased from 2000 to 

2015, which was especially due to increase in 
YLDs. The median proportion of YLDs due to 
musculoskeletal disorders increased from 11.8% 
(8.3–15.1) in 2000 to 13.5% (9.6–16.6) in 2015 
[5].

The medical cost of osteoarthritis in various 
high-income countries has been estimated to 
account for between 1% and 2.5% of the gross 
domestic product of these countries, with hip and 
knee joint replacements representing the major 
proportion of these health-care costs. These sur-
geries are clinically relevant and cost-effective 
treatment for end-stage osteoarthritis. However, 
they can only be considered cost-effective if the 
procedure is restricted to patients with more 
severely affected functional status. Although 
appropriate attention is given to direct health- 
care costs, the indirect costs due to work loss and 
premature retirement are also substantial and 
often ignored in considering disease burden. The 
national costs, together with the personal costs 
for patients with osteoarthritis, such as loss of 
income and the subsequent reductions in per-
sonal savings, greatly surpass the direct health- 
care costs [4].

5.2  Pathogenesis 
of Osteoarthritis of the Knee

As arthritis progresses, the continuity of cartilage 
matrix is lost along with changes in the surface of 
the joint, which leads to the change of biome-
chanical properties of the cartilage and destruc-
tion of joint (Fig. 5.1).

In the past, osteoarthritis was thought not to be 
inflammatory arthritis but recently, it has been 
recognized that substances involved in the inflam-
matory response are important for the develop-
ment of osteoarthritis. When mechanical 
stimulation is transmitted to the cartilage, various 
factors and enzymes are secreted due to changes 
in the matrix production of cartilage cells [12–
20]. Most of matrix that consists of cartilage are 
Type II collagen and proteoglycan, and these are 
destroyed by various factors and enzymes, lead-
ing to decrease of moisture content. Therefore, 
joint becomes vulnerable to loads. Matrix 
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 metalloprotease (MMP) degrades cartilage 
matrix and causes irreversible fibrillation of joint 
cartilage [12–18, 21–23]. A large amount of 
nitric oxide (NO) is observed in osteoarthritis, 
which accelerates catabolism and is also involved 
in the killing of chondrocytes. Chondrocytes 
maintain a balance between degeneration and 
repair of cartilage matrix, but as the articular car-
tilage degrades, the catabolic ability of chondro-
cytes exceeds anabolic activity, leads to the loss 
of homeostasis. Osteoarthritis occurs when this 
balance is broken [12–18, 20, 24]. The two main 
pathological reactions that occur in chondrocytes 
of cartilage with osteoarthritis are premature 
senescence and apoptosis.

5.2.1  Damage and Change 
of Cartilage Matrix

Mechanical stimulation destroys the frame work 
of the matrix macromolecule at the molecular 
level and changes the level of moisture content 
[13, 25]. Although the concentration of type II 
collagen does not change, the relative concentra-
tion of the water content increases due to a 
decrease of proteoglycan aggrecan and a decrease 
in the length of the glycosaminoglycan chain. 
But the absolute amount of moisture and the abil-
ity to retain moisture content decreases, making 
it vulnerable to further damage. There is a rapid 

loss of proteoglycan content relative to collagen 
during the progression of osteoarthritis. However, 
while collagen content is initially maintained, 
collagen organization is severely perturbed. This 
results in a decrease in the tensile stiffness and 
strength provided by the normal 3D architecture 
of the collagen interfibrillar network. It causes a 
reduction in the compressive stiffness of the tis-
sue, which can be identified clinically as the soft-
ening of early chondromalacia [12–18, 20].

5.2.2  Response of Chondrocytes 
to Tissue Damage

When tissue is damaged and chondrocytes detect 
the damage, both anabolic and catabolic pro-
cesses increase. Factors involved in anabolic 
activity include IL-6, growth factor, insulin, 
insulin- like growth factor-l (IGF-l), and basic 
fibroblast growth factor, etc., and factors involved 
in catabolic activity include interleukin-1 (IL-1), 
tumor necrosis factor-α (TNF-α), etc. [12–18, 20, 
24, 25].

5.2.2.1  IL-1, TNF-α
The key inducers of catabolic processes in OA 
are Interleukin-1 (IL-1) and Tumor Necrosis 
Factor-α (TNF-α). IL-1 and TNF-α are synthe-
sized by the same cell types, e.g., chondrocytes, 
osteoblasts, cells forming the synovial mem-

Development of osteoarthritis

Progression of osteoarthritis

Late stage

Inflammatory response
Anabolism
Catabolism
Extermination of Chondrocytes

Biochemical factors
Damage of joint cartilage

Dysplasia
Mal-alignment

Instability
Muscular weakness

Risk factors
Age

Gender
Genetics

Fig. 5.1 The mechanisms of development and progres-
sion of osteoarthritis are a combination of biomechanical, 
biological, biochemical, and molecular biological factors 

and have mutual effects (Arthrology of the knee. second 
edition, p. 681)
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brane, and mononuclear cells that were previ-
ously present in the joint or infiltrate its tissues 
during the inflammatory response [15]. These 
increase the secretion of degrading enzymes like 
matrix metalloproteinases (MMPs), aggrecanase, 
interleukin 8 (IL-8), interleukin 6 (IL-6), 
Prostaglandin E2 (PGE2), nitric oxide (NO). It 
increases the loss of glycoprotein from cartilage 
matrix, inhibits resynthesis, and prevents to 
replenish the loss of matrix components. It also 
promotes the production of Prostaglandin E2 
(PGE2), which is closely related to the symptoms 
of osteoarthritis [12–18, 20, 25].

5.2.2.2  MMPs
MMPs are enzymes such as collagenase, strome-
lysin, gelatinase secreted from chondrocytes, 
synovial fluid, synovial membrane cells, etc., 
which destroy aggrecan and collagen in cartilage. 
It is also activated by IL-1, Tissue plasminogen 
activator, Matrix metalloproteinase activator, and 
inhibited by TGF-ß, Tissue inhibitor of metallo-
proteinase, and Plasminogen activator inhibitor 
[12–18, 20, 25]. Among MMPs, MMP-13 plays 
an important role in the process of degeneration in 
osteoarthritis. MMP-13 expression is more 
restricted to connective tissues. It has a much 
higher catalytic velocity rate compared with other 
MMPs over Col2 and gelatin, making it the most 
potent peptidolytic enzyme among collagenases. 
Clinical investigations revealed that patients with 
articular cartilage destruction had high MMP-13 
expression, suggesting increased MMP-13 may 
be the cause of cartilage degradation [16, 20].

5.2.2.3  Nitric Oxide (NO)
Inhibits the synthesis of proteoglycan and colla-
gen, activates MMP, and is upregulated by MMP 
to accelerate cartilage destruction. It also promotes 
the synthesis of PGE2 and Cyclooxygenase-2 
(COX-2). It also plays an important role in the 
death of chondrocytes (apoptosis) [12–18, 20, 25].

5.2.2.4  Insulin, TGF
Insulin promotes the regeneration of joint carti-
lage. TGF-ß stimulates the synthesis of proteo-

glycan in joint cartilage and inhibits the 
destruction of cartilage by IL-1. Loss of TGF-ß 
signaling is associated with cartilage damage, 
which suggesting loss of the protective effect of 
TGF-ß during osteoarthritis progression. 
Additionally, TGF-ß is involved in early osteo-
phyte formation [16]. TGF-1 stimulates cell dif-
ferentiation and matrix generation in cartilage 
[14] (Table 5.1).

5.2.3  Reduction of Anabolic 
and Proliferative Responses 
of Cells

The anabolic and healing activity may last for 
several years opposed to catabolic, or even tem-
porarily reverse the progression of arthritis. 
Anabolic activity occurs as the healing and 
remodeling process fails, resulting in gradual 
loss of articular cartilage and decreased ana-
bolic and proliferative responses of chondro-
cytes. In addition, down regulation of the 
response to anabolic cytokine of cartilage cells 
is also a cause, which triggers the progression of 
arthritis. As the age increases, the composition 
ratio of cartilage matrix changes, and reactions 
to stimuli of anabolic enzymes of chondrocytes 
or cell activity decreases. These changes may be 
associated with the progression of arthritis [16] 
(Table 5.2).

Table 5.1 Associated Cytolytic enzymes in cartilage 
metabolism

Cytokines of secretion response to cartilage and tissue 
damage
Catabolic 
response

Inhibitory 
response Anabolic response

IL-1, IL-6, 
TNF-α, 
IL-17, 
IL-18

IL-3, L-4, IL-10, 
IL-11, IL-13, IL-1 
receptor 
antagonist, 
interferon-γ

IGF-1, TGF ß1, 
TGF ß2, TGF ß3, 
FGF-2, FGF-4, 
FGF-8, BMP-2, 
BMP-4, BMP-5, 
BMP-6, BMP-7, 
BMP-9, BMP-13

IL interleukin, TNF tumor necrosis factor, IGF insulin- 
like growth factor, TGF transforming growth factor, FGF 
fibroblast growth factor, BMP bone morphogenic protein
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5.3  Pathology of Osteoarthritis 
of the Knee

Cartilage and surrounding tissues such as bones 
and synovial membranes are important in the 
development of osteoarthritis. Cartilage has an 
organized layered structure that can be function-
ally and structurally divided into four zones: the 
superficial zone, the middle (or transitional) 
zone, the deep zone, and the zone of calcified car-
tilage [21, 26]. The superficial zone is the articu-
lating surface that provides a smooth gliding 
surface and resists shear. Also known as the tan-
gential zone, this zone makes up approximately 
10–20% of articular cartilage thickness. It has the 
highest collagen content of the zones; the colla-
gen fibrils in this zone are densely packed and 
have a highly ordered alignment parallel to the 
articular surface. The chondrocytes in this layer, 
characterized by an elongated appearance histo-
logically, preferentially express proteins that 
have lubricating and protective functions and 
secrete relatively little proteoglycan. Among the 
proteins involved in surface lubrication, superfi-

cial zone protein (SZP) has been identified as a 
functionally important molecule [21] (Figs.  5.2 
and 5.3).

Macroscopically, cartilage changes in osteoar-
thritis can be seen as softening (chondromalacia), 
fibrillation, and erosions (ulceration). Histologic 
features of cartilage breakdown and failed repair 
include cartilage clefts, loss of the cartilage lay-
ers, cellular necrosis, chondrocyte cloning, and a 
duplication of the tidemark. It appears that the 
superficial zone is affected first in early osteoar-
thritis [21].

The most important factor is that as the trans-
mission of load to the joint changes, it leads to a 
biochemical reaction within the joint. The bio-
chemical changes caused by mechanical stimula-
tion change the balance of destruction and 
synthesis of chondrocytes, cartilage matrix, and 
subchondral bones. The uncoupling of the nor-
mal balance of degradation and repair in the 
articular cartilage and subchondral bone leads to 
abrasion of articular cartilage with formation of 
new bone at and around joint surfaces. The end 
result is functional deterioration of the joint [17]. 

Table 5.2 Differences between age-related and osteoarthritis in joint cartilage

Joint surface Cells/Cytokine mechanism Changes in matrix
Aging course of 
joint state

–  Localized stable fibrillation 
on the joint surface

– Chondrocytes decrease
–  Response to growth factors 

decrease
–  Decreased anabolic 

mechanism

–  Decrease of moisture and 
huge proteoglycan decrease

–  Accumulation of matrix 
reductase

–  Thickened collagen fibers 
and heterogeneity

–  Relatively increase of the 
cross-linking of collagen

–  Decrease of tensile 
strength and stiffness

Pathogenesis of 
osteoarthritis

–  Progressive fibrillation 
formation and extension to 
the subchondral bone

–  Cartilage defect or thin 
surface

–  Fibrous change of cartilage 
according to healing 
mechanism

–  activated anabolic 
mechanism in early phase 
but gradually decreases

– Loss of chondrocytes
– Activated catabolic enzymes
–  Appearance of fibroblast- 

like cells in fibrocartilage 
tissue

–  Increase of moisture and 
proteoglycan level in early 
phase

–  Lysis of collagen 
macromolecules

–  Progressive loss of 
proteoglycan

–  Permeability of water 
increases

–  Decrease of tensile 
strength, resistance, and 
stiffness
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If the joints are young and healthy, the muscles 
around the joints, smooth lubrication of the joint 
surface, and sufficient ligament function can 
defend against damage whether the load to the 
joint changes [19]. If the movement physiologi-
cally occurred by joints is not controlled due to 
damaged and aged cartilage or ligaments, the 
transmission of loads on the joints changes and 
excessive loads are concentrated in one place, 
which leads to damage of joints, especially the 
hyaline cartilage [2]. These changes and loss of 
hyaline cartilage stimulate the formation of 
osteophytes at the joint margins. In the synovial 
membrane, synovial membrane cells are overpro-
liferated leading to secrete excessive synovial 
fluid [26].

5.3.1  Hyaline Cartilage

Hyaline cartilage functions as a low-friction, 
wear-resistant tissue designed to bear and distrib-
ute loads. It is a highly specialized tissue with 
unique mechanical behavior and poor regenera-
tive capacities [26]. The initial findings of osteo-

arthritis are fibrillation and disruption which 
looks like the cartilage surface is cracked where 
the hair sprouts roughly. As the disease pro-
gresses, irregularities of the surface form a cleft 
and most of the joint surface becomes rough and 
irregular. The fibrillation of cartilage progresses 
deeper and eventually forms a fissure, reaching 
the subchondral bone. As the fissure becomes 
deeper, the end of the fibrillated surface of carti-
lage falls off to make a float and the thickness of 
the cartilage becomes thin. In addition, as the 
matrix of cartilage is decomposed by enzymes, 
further reduction of the thickness of the cartilage 
layer occurs, leading to exposure of the bone 
under the cartilage (Figs. 5.4 and 5.5).

5.3.2  Synovium

Histologically, cells on the surface increase, 
and cells such as lymphocytes penetrate into 
the surface. Thickening of the synovial mem-
brane and inflammatory changes promote for-
mation of blood vessel and inflammatory 
responses. Inflammatory cells, such as macro-
phages, secrete angiogenic factors. Cells such 
as vascular endothelial cell or fibroblast, etc., 
induce secretion of substances that promote 
blood vessel formation like vascular endothe-
lial growth factor (VEGF), basic fibroblast 
growth factor (bFGF), etc. [21].

5.3.3  Subchondral Bone

The subchondral bone represents the bony com-
ponents located beneath the calcified cartilage 
and consists of the subchondral bone plate and 
the subchondral trabecular bone. The subchon-
dral bone plate is a thin cortical lamella adjacent 
to the calcified cartilage [25]. Bone loss is 
enhanced by enzymes involved in cartilage 

Fig. 5.2 In the later stages of osteoarthritis, the layers of 
the medial and lateral femoral condyle joint cartilage are 
lost. Thickening of the synovial membrane is observed
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catabolism, and the formation of osteophytes 
and remodeling of subchondral bones by 
enzymes involved in anabolism occurs. As a 
result, sclerosis of subchondral bone appears 
relatively early in the progress of disease and 

osteophyte is formed by proliferation and thick-
ening of bone around the joint. Occasionally, 
subchondral cysts are formed in the subchondral 
bone as well as sclerosis [26] (Figs.  5.6, 5.7, 
5.8).

Fig. 5.3 Involvement of the synovium in OA pathophysi-
ology. Products of cartilage breakdown that are released 
into the synovial fluid are phagocytosed by synovial cells, 
amplifying synovial inflammation. In turn, activated syno-
vial cells in the inflamed synovium produce catabolic and 
proinflammatory mediators that lead to excess production 
of the proteolytic enzymes responsible for cartilage break-
down, creating a positive feedback loop. The inflamma-
tory response is amplified by activated synovial T cells, B 
cells, and infiltrating macrophages. To counteract this 
inflammatory response, the synovium and cartilage may 
produce anti-inflammatory cytokines. In addition to these 
effects on cartilage inflammation and breakdown, the 
inflamed synovium contributes to the formation of osteo-

phytes via BMPs. Abbreviations: ADAMTS a disintegrin 
and metalloproteinase with thrombospondin motifs, BMP 
bone morphogenetic protein, CCL2 CC chemokine ligand 
2, CXCL13 CXC chemokine ligand 13, EGF endothelial 
growth factor, GM CSF granulocyte macrophage colony 
stimulating factor, IL interleukin, IL 1Ra IL 1 receptor 
antagonist, LIF leukemia inhibitory factor, LTB4 leukotri-
ene B4, MMP matrix metalloproteinase, NAMPT nicotin-
amide phosphoribosyl transferase (also called visfatin), 
NO nitric oxide, NGF nerve growth factor, OA osteoarthri-
tis, PGE2 prostaglandin E2, TIMP tissue inhibitor of 
metalloproteinase, TNF tumor necrosis factor, vCAM 1 
vascular cell adhesion molecule 1, vEGF vascular endo-
thelial growth factor [20]
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Fig. 5.4 Knee arthroscopic findings of female patient 
with synovitis. Showing chondral defects of medial femo-
ral and tibial condyle

Fig. 5.5 Optical 
microscopic findings of 
cartilage matrix in 
osteoarthritis patients. 
Fibrillation and fissuring 
are formed on the 
surface of the articular 
cartilage. Apoptosis is 
observed along with 
proliferation of cartilage 
cells (H&E, ×100) 
(Orthopaedics seventh 
edition. Fig. III-17)
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a b c

d e f

Fig. 5.6 Conventional histology shows fibrillation and 
matrix loss in OA cartilage (b) compared with normal car-
tilage (a). In severely damaged areas nearly all articular 
cartilage is destroyed (e). Also a moderate (d) to severe (e) 
loss of proteoglycans is found, as visualized by toluidine 

blue staining. Besides changes in articular cartilage, also 
changes in the subchondral bone are prominent, namely, 
thickening of the subchondral bone plate (f, OA; c, nor-
mal) (A Thomas et al. 175 – Pathogenesis and pathology 
of osteoarthritis; 2015. Fig173.4)

5 Epidemiology and Pathogenesis



88

a b c

d e f

g h i

Fig. 5.7 (a, b) Normal synovial membrane shows a 
rather flat surface with a flat layer of inactive, non- 
proliferated layer of synoviocytes. In contrast, OA syn-
oviocytes are at least in some cases severely activated and 
proliferated (c) similar to the situation found in rheuma-
toid arthritis. Most cases of late-stage OA synovial speci-
mens show a moderate to abundant synovial hyperplasia 
(d, e) and often some sort of capsule thickening (e). A 
minority of cases of OA synovial membranes show mild 

to moderate (f, g) inflammatory infiltrates usually lying in 
aggregates around blood vessels (f). In part of the cases 
lymphoid follicles also are found (g). End-stage rapid pro-
gressive cartilage destruction leads to detritus-rich syno-
vitis with cartilage and bone fragments incorporated in 
fibrinous exudate (i, van Gieson stain) or the synovial 
stroma (h) (Aigner T, Schmitz N, Salter D, editors. 175 
Pathogenesis and pathology of osteoarthritis 2015)
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5.4  Summary

The osteoarthritis, which is a common occurrence 
in the elderly population, is related to a variety of 
factors such as race, age, gender, genetics, obesity, 
and occupation. The pathogenesis of osteoarthritis 
of the knee is explained by the damage of cartilage 
and the response of chondrocytes of cartilage 
(secreting various cytokines). In the pathology of 
osteoarthritis of the knee, the key is hyaline carti-
lage, synovium, subchondral bone.
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Radiographic Findings of the Knee 
Osteoarthritis

Sun Joo Lee

Abstract

Imaging is important for the diagnosis, 
prognosis, and follow-up of osteoarthritis 
(OA). The radiological evaluation of OA 
mainly consists of radiography, CT and 
MRI. Radiography and CT are useful tools 
for depicting bone shape, alignment, and 
osteophytes. On the other hand, MRI is a 
useful diagnostic tool for evaluating major 
anatomical structures, including articular 
cartilage, menisci, ligaments, synovium, 
capsular structures, and bone marrow in 
the knee. Typical findings of OA are joint 
space narrowing, subchondral sclerosis, 
and subchondral bone cyst in the area 
under pressure and osteophytes in the area 
without pressure. On the other hand, osteo-
porosis, bony erosion, and large amounts 
of joint effusion are not the typical findings 
of OA.

Keywords

OA · Radiography · CT · MRI

6.1  Radiography

Image and pathologic changes are evaluated by 
dividing the knee into three sections, medial fem-
orotibial compartment, lateral femorotibial com-
partment, and patellofemoral compartment. The 
ordinary radiographic imaging technique is lim-
ited in observing early changes of OA. The tun-
nel view technique, which obtains the image 
when the joint is bent, shows cartilage and bone 
changes that were not observed by ordinary tech-
niques and visualized changes that occur in the 
posterior aspect of the femoral condyle. An image 
obtained during stress or weight loading may be 
additionally required. This image would be use-
ful for evaluating cartilage loss and varus or val-
gus deformation. It also accurately shows the 
subluxation of the femur and tibia. While it would 
be ideal to obtain the weight-loaded image when 
standing only on the symptomatic leg, it is rec-
ommended to take standing tunnel projection or 
Rosenberg images of a joint in a standing posi-
tion that is bent by 30–45° [1].

Image findings of the OA knees are clearly 
visible in the medial femorotibial compartment, 
and a single or two-compartment involvement is 
more typical than involvement in all three one. 
The normal joint cavity spacing is more than 
3 mm on the standing image, but multiple joint 
space narrowing of less than 3 mm can be seen, 
and the spacing may sometimes become com-
pletely lost. Subchondral sclerosis is more com-
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mon in the tibia than the femur. Osteophyte is 
observed at the edges of femur and tibia, while 
central osteophyte can occur at the femur that 
looks similar to the intraarticular loose body. 
Osteophyte makes the joint surface irregular and 
sharpens the tibial spine (Fig. 6.1). Other image 
findings of OA in the femorotibial compartment 
include condyle hypertrophy, medial compart-
ment vacuum phenomenon, and meniscal calcifi-
cation [2]. In the knee joint, the degree of OA is 
evaluated using the Kellgren-Lawrence class, 
which classified radiographic findings into four 
stages (Table  6.1) (Fig.  6.2) [3]. The Ahlbäck 
scoring system, which is used for defines OA 
with a global score. Rather than the presence of 
osteophytes, there is more emphasis on the nar-
rowing of the joint space and wear of the bone 
(Table 6.2) (Fig. 6.3) [4]. Intraobserver reliability 
for KL was substantial for observer A (κ: 0.753) 

and moderate for observer B (κ: 0.573). 
Interobserver reliability for KL was moderate for 
both occasions (κ: 0.499 and 0.458, respectively). 
Intraobserver reliability for Ahlbäck was sub-
stantial for observer A (κ: 0.768) and moderate 

a b

Fig. 6.1 (a) Standing AP radiograph of the right knee 
shows the irregular articular surface of the lateral femoral 
condyle and tibial plateau due to marginal (white arrow-
heads) and central osteophytes (black arrowheads) of the 
lateral tibiofemoral compartment. Note additional joint 

space narrowing and subchondral sclerosis (arrows) of the 
lateral compartment. (b) Standing AP radiograph of the 
right knee shows the tibial spine (arrow) sharp. Note joint 
space narrowing, subchondral sclerosis, and subchondral 
cysts in the medial tibiofemoral compartment

Table 6.1 Kellgren-Lawrence grade

Grade 0 No radiographic features of OA
Grade 1 Doubtful joint space narrowing and possible

osteophytic lipping
Grade 2 Definite osteophytes and possible joint space

narrowing on weight-bearing radiograph
Grade 3 Multiple osteophytes, definite joint space

narrowing, subchondral sclerosis, and 
possible
bony deformity

Grade 4 Large osteophytes, marked joint space 
narrowing,
severe sclerosis and definite bony  
deformity
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for observer B (κ: 0.561). Interobserver reliabil-
ity for Ahlbäck was fair for both occasions (κ: 
0.365 and 0.204, respectively). As the KL classi-
fication system is the most widely used, many 
studies have been performed on this system. The 
results of other studies of the inter- and intraob-
server agreements in the KL grading scale were 
found to be almost perfect [4].

The patellofemoral compartment is also fre-
quently involved by OA, and axial projection is 
an important examination technique. Cartilage 
erosion and subchondral sclerosis are predomi-
nant in the lateral patellar facet (Fig. 6.4), because 
of the wider articular surface and the force caused 
by the physiological varus. Changes in the patel-

lofemoral joint are usually accompanied by  
femorotibial joints, especially the medial com-
partments. OA rarely develops only at patello-
femoral joints alone, so if OA changes are seen 
only in patellofemoral joints, CPPD, Wilson dis-
ease, and hyperparathyroidism should be consid-
ered. Osteophyte may occur as an additional 
degeneration in the area where the quadriceps 
tendon attaches to the anterior aspect of the 
patella. When OA becomes severe, angulation, 
and subluxation accompany ligament changes. 
While varus alignment is more frequent than val-
gus alignment, the varus deformity is accompa-
nied by lateral subluxation of the tibia (Fig. 6.5), 
and valgus deformity is typically accompanied 
by medial subluxation [5, 6].

6.1.1  Cartilage Abnormalities

The gradual loss of cartilage is depicted as joint 
space narrowing on the image and is the most 
basic finding of OA (Fig. 6.6). Joint space nar-
rowing is localized in joints that receive severe 
pressure. Therefore, it is evident in the medial 
femorotibial joint in the knee [2].

Fig. 6.2 Kellgren-Lawrence grading of the medial tibiofemoral compartment on standing AP radiograph

Table 6.2 Ahlbäck radiographic grading scale

Grade of 
osteoarthritis Description
Grade 0 No radiographic findings of osteoarthritis
Grade I Joint space narrowing <3 mm
Grade II Joint space obliterated or almost 

obliterated
Grade III Minor bone attrition (<5 mm)
Grade IV Moderate bone attrition (5–15 mm)
Grade V Severe bone attrition (>15 mm)

6 Radiographic Findings of the Knee Osteoarthritis
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6.1.2  Subchondral Bone

Subchondral bone abnormalities can be divided 
into destructive phase (regressive remodeling) 
and productive phase (progressive remodeling), 
and both processes proceed simultaneously in 
different parts of the joint. The destructive phase 
occurs in areas under pressure due to bone ebur-
nation, cyst formation, flattening, and deforma-
tion, and the productive phase such as osteophyte, 
occurs in areas that are not subject to joint pres-
sure [7].

6.1.2.1  Subchondral Sclerosis
After cartilage loss, subchondral sclerosis can be 
seen on the image due to subchondral bone expo-
sure according to bone eburnation (Fig.  6.6). 
Weak and congested subchondral bones are more 
vulnerable to deformation, and loss of cartilage 
and restriction of joint motion can cause fracture, 
flattening, and collapse of bone trabecula. 
Subchondral sclerosis and joint space narrowing 
are closely related. As the joint space becomes 
narrower, subchondral sclerosis tends to become 
more severe [8, 9].

6.1.2.2  Subchondral Cyst
Subchondral cysts take place in between thick-
ened subchondral trabecula. They are histologi-
cally composed of internal mucus, adipose 
tissue, cartilage surrounded by fibrous elements 
and are accompanied by the sclerosis of the sur-
rounding. There are two hypotheses about the 
mechanism of cyst formation. The first hypoth-
esis is that the increased pressure in the joint 
pushes the synovial fluid through the cartilage, 
leading to cyst formation. Another hypothesis 
is the bone contusion, where cystic necrosis 
occurs due to an impact on the bone surface and 

Fig. 6.3 Ahlbäck radiographic grading scale of the medial tibiofemoral compartment on standing AP radiograph

Fig. 6.4 Knee Merchant radiograph shows joint space 
narrowing, marginal osteophytes, and subchondral sclero-
sis in the lateral patellofemoral compartment
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microfracture and blood flow failure in the sub-
chondral bone [9]. Subchondral cysts are 
observed in various sizes and are accompanied 
by joint space narrowing and subchondral scle-
rosis (Fig. 6.7). There may or may not be com-
munication with the joint cavity. If there is 
communication, gas in the joint may enter the 
cyst, forming a pneumatocyst [9].

6.1.3  Osteophyte

Osteophyte which increases the surface area of 
articular cartilage, cause reduction of the ten-
sion and increase of joint stability [8]. 
Osteophyte can be classified into marginal, cen-
tral, periosteal, synovial, and capsular types. In 
radiographic images, the marginal osteophyte 

Fig. 6.5 Standing AP radiograph shows lateral sublux-
ation of the tibia and varus deformity due to severe osteo-
arthritis of the knee

Fig. 6.6 Standing AP radiograph shows joint space nar-
rowing, marginal osteophytes (arrows), and subchondral 
sclerosis (arrowheads) in the medial patellofemoral 
compartment
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protrudes from the edge of the joint where there 
is no pressure (Fig. 6.8). They may be shown in 
various sizes, arising from one side of the joint, 
and can seem to have no relationship with sub-
chondral sclerosis or cyst. Central osteophytes 
are rarely detected in OA, but they may arise 
from remaining cartilage in the center of the 
joint and are mainly observed in the knee or hip 
joint. Images of osteophyte show a rough out-
line of the joint surface, and small osteophytes 
can be mistaken for intraarticular loose body or 
cartilage calcification. The fact that osteophyte 

is connected to the original bone and is ossifica-
tion rather than calcification, may help distin-
guish osteophyte [5, 7].

6.1.4  Synovitis

In OA, the synovial reaction consists of synovial 
hyperplasia, fibrosis, thickening of the synovial 
capsule, and activated synoviocyte. In some 
cases, there may be lymphocytic infiltrate such as 
plasma cells, B cells, and T cells. Synovium- 
induced pain is caused by irritation of the sensory 
nerve ending attached to the osteophyte in the 
synovium and synovial inflammation due to the 

Fig. 6.7 Standing AP radiograph shows two small radio-
lucent lesions (arrows) with the thin sclerotic rim in the 
medial tibial subarticular area

Fig. 6.8 Standing AP radiograph shows lip-shaped bone 
protrusions(arrows) at the edge of the femoral condyle 
and tibial plateau of the medial compartment
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secretion of prostaglandin, leukotrienes, protein-
ase, and neuropeptides. Synovitis and effusion 
are frequently observed in OA and are related to 
pain and clinical outcome. Synovitis facilitates 
the synthesis of cartilage matrix-degrading 
enzymes and secretes excessive synovial fluid, 
relaxing the joints and making them susceptible 
to damage. It also pushes the synovial fluid into 
the ulcer and erosion of the cartilage surface to 
further accelerate the degenerative change [10]. 
Synovitis can be seen as joint effusion on the 
image, but if it is not accompanied by trauma or 
rapid bony collapse, it is difficult to detect due to 
its small amount, and further findings can be 
observed with MRI [11].

6.1.5  Malalignment 
and Subluxation

In OA, malalignment and subluxation can be 
shown, especially in weight-bearing synovial 
joints. Angulation deformity is common, and 
varus deformity of the knee joint can be fre-
quently observed in OA patients (Fig.  6.5). In 
addition, deformity and malignment of the joint 
may become severe due to rupture or distortion of 
the supporting structure of the joint capsule and 
ligaments [1, 5].

6.1.6  Intraarticular Loose Bodies

Intraarticular loose body is caused by transchon-
dral fracture, cartilage surface disintegration, and 
synovial membrane metaplasia. Cartilage and 
bone debris remaining on the joint surface fall 
into the joint and accumulate on the synovial 
membrane, causing a local inflammatory reac-
tion. This occurs mainly in the hip and knee 
joints, and on radiographic imaging, it appears as 
radiopaque density [2]. Lesions to be distin-
guished from loose bodies in OA include central 
osteophyte, meniscal calcification, ossification, 

and loose body can also take place in other dis-
eases such as synovial osteochondromatosis and 
osteochondritis dissecans (Fig. 6.9) [1].

6.2  Computed Tomography (CT)

CT is useful for depicting cortical bone and soft 
tissue calcifications [12]. It also helps detailed 
evaluation of bone structures such as subchon-
dral bone sclerosis, subchondral cysts, and 
osteophytes (Fig.  6.10). 3D CT is particularly 
helpful for orthopedic planning of arthroplasty 

Fig. 6.9 Standing AP radiograph shows several ossified 
loose bodies (arrows) in the knee joint. Note mild joint 
space narrowing and marginal osteophytes
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(Fig. 6.11). However, due to limitations in the 
evaluation of soft tissue and ionizing radiation, 
CT is not routinely applied in clinical imaging 
of OA.

6.3  Magnetic Resonance 
Imaging (MRI)

Conventional radiography is the gold-standard for 
evaluating OA, but MRI-based OA studies have 
proven the limitations of radiography. 
Traditionally, cartilage has been considered a piv-

otal feature of OA and a major target of interven-
tion. However, today OA is considered a whole 
joint disease that affects the bones, joints, and tis-
sues around the joints [12–14]. Radiographic 
imaging is primarily used to diagnose OA, but 
MRI can simultaneously monitor various tissue 
changes, enable earlier detection of OA lesions, 
and can evaluate biochemical changes in joint tis-
sues such as cartilage before morphological 
changes become apparent. Moreover, it can detect 
changes in the meniscus, ligaments, and soft tis-

Fig. 6.11 Volume rendering 3D-CT image shows the 
overall outline and alignment of the bone well

Fig. 6.10 Lower extremity CT image shows joint space 
narrowing, marginal osteophyte, and subchondral cyst 
(arrow) in the right knee. Note mild varus deformity, 
osteophyte, and irregular articular surface (arrowhead) of 
the left medial femoral condyle in the left knee
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sue related to OA.  In MRI, appropriate pulse 
sequence protocols should be selected depending 
on the examination purpose. For example, focal 
cartilage defects, and bone marrow lesions are 
best evaluated using fluid- sensitive fast spin echo 
(FSE) sequences (T2-weighted, proton density 
(PD) weighted) with fat suppression. The fat sup-
pression image darkens the signal intensity of 
bone marrow and surrounding tissue, making the 
cartilage signal intensity seem very high 
(Fig.  6.12). With this difference in signal inten-
sity, diffuse, or focal lesions of cartilage can be 
accurately diagnosed, and cartilage lesions can be 
quantitatively measured before surgery. In MRI of 
patients with knee joint pain, cartilage lesion, 
bone marrow edema, osteophyte, subchondral 
sclerosis, meniscus lesion, joint effusion, and 
synovitis, findings were reported to have a strong 
correlation with the severity observed in radio-
graphic imaging [15, 16].

6.3.1  MRI of Articular Cartilage

In evaluating the condition of articular cartilage, 
arthroscopy is highly accurate, but it is invasive 
and can only diagnose the case after the destruc-

tion of articular cartilage has already progressed, 
so MRI, a non-invasive diagnosis method, is 
most useful. MR microscopy (MRM) or micro-
scopic MRI (mMRI) with increased resolution 
can distinguish the histological layers of articular 
cartilage and observe changes in the morphology 
or biochemistry of articular cartilage simultane-
ously, so it is widely used in research on the 
structure and early degeneration of articular car-
tilage. Particularly, quantitative MRM can detect 
the changes in early biochemical stages such as 
loss of glycosaminoglycan and enables early 
diagnosis before symptomatic or morphological 
changes appear on articular cartilage. Fat sup-
pression T1-weighted gradient echo and proton 
density-weighted fast spin echo techniques are 
the most commonly used sequences for cartilage 
imaging [17]. Sensitivity to signals such as edema 
in the subchondral bone can be improved by add-
ing fat suppression techniques to the FSE 
sequence using a fat selective presaturation pulse 
or a short tau inversion recovery sequence 
(STIR).

Advanced MRI techniques which offer a 
quantitative assessment of the biochemical com-
position of cartilage include delayed gadolinium- 
enhanced MRI of cartilage (dGEMRIC), T2 
mapping, T1rho mapping, sodium MRI, and a 
few of the more novel methods [18, 19]. MRI 
parametric mapping techniques, such as cartilage 
transverse relaxation time (T2) mapping have the 
potential to identify the earliest stages of matrix 
degeneration that precede visible cartilage dam-
age (Fig. 6.13). Cartilage T2 mapping uses intrin-
sic cartilage water as a probe to study the 
structural integrity of the extracellular matrix. 
Because it has a central role in the biomechanical 
properties of cartilage, water is an ideal bio-
marker of cartilage damage [20, 21]. Delayed 
gadolinium-enhanced MR imaging of cartilage 
(dGEMRIC) is a technique used to measure the 
relative concentration of proteoglycan in articu-
lar cartilage in vivo using venous MR arthrogra-
phy [22]. It is not only useful for tracking the 
progression or development of cartilage lesions, 
but also the progression of glycosaminoglycan 
synthesis and can help evaluate the success of 
cartilage regeneration noninvasively.

Fig. 6.12 Fat-suppressed proton density-weighted axial 
MR image shows focal articular cartilage defect in the 
medial patella (arrow)
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a

c

b

Fig. 6.13 Conventional T2-weighted (a) and 
PD-weighted (b) MR images may show no major mor-
phological changes in the cartilage. Color T2 mapping (c) 

reveals high T2 relaxation value in the lateral femoral and 
tibial cartilage (arrows) that are also indicative of early 
OA
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MRI is useful not only for the diagnosis of 
cartilage lesions, but also for treatment plan-
ning. Preoperative MRI is helpful in assessing 
the condition of articular cartilage in all com-
partments and detecting cartilage abnormalities 

to determine the feasibility of reconstruction. It 
is also valuable in evaluating the condition of 
regenerated articular cartilage after cartilage 
regeneration and identifying complications 
(Fig. 6.14) [23].

a b

c d

Fig. 6.14 Preoperative fat-suppressed PD-weighted cor-
onal (a), sagittal (c) MR images show focal articular car-
tilage defect (arrows) in the weight-bearing surface of the 
medial femoral condyle. At 14  months’ follow-up after 
chondrocyte transplantation, postoperative fat-suppressed 
PD-weighted coronal (b), sagittal (d) MR images show 

isointense regenerated cartilage at the surgery site has 
smoothly covered the joint surface, but it is slightly hyper-
trophic (arrows). The regenerated cartilage and subchon-
dral bone are well fused. Note mild subchondral bone 
marrow edema in the medial femoral condyle and tibial 
plateau
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6.3.2  MRI-Based Diagnostic Criteria

MRI has become an important imaging tool in 
OA studies in recent years as it can evaluate artic-
ular cartilage, menisci, ligaments, synovium, 
capsular structures, fluid collections, and bone 
marrow lesions, which are not visible by 
radiography.

The MR-based diagnostic criteria of knee OA 
are as follows [14].

MR imaging-based diagnostic criteria: (proposed by the 
OARSI OA imaging working group)
(1) A definition of tibiofemoral OA on MRI = the 
presence of both group [A] features or one group [A] 
feature and two or more group [B] features.
Group [A] after exclusion of joint trauma within the 
last 6 months (by history) and exclusion of 
inflammatory arthritis (by radiographs, history, and 
laboratory parameters): (i) definite osteophyte 
formation, (ii) full-thickness cartilage loss.
Group [B]: (i) subchondral bone marrow lesion or cyst 
not associated with meniscal or ligamentous 
attachments, (ii) meniscal subluxation, maceration, or 
degenerative (horizontal) tear, (iii) partial-thickness 
cartilage loss (where full-thickness loss is not present), 
(iv) bone attrition.
(2) A definition of patellofemoral OA requires all of 
the following involving the patella and/or anterior 
femur:
(i) definite osteophyte formation (ii) partial- or 
full-thickness cartilage loss

*OARSI (OA Research Society International)

6.3.2.1  Cartilage Damage
Articular cartilage is one of the main tissues 
involved in the OA process. Since cartilage can-
not be seen directly on radiographic imaging, 
MRI is optimal for morphological evaluation of 
cartilage. Choosing the appropriate pulse 
sequence is essential for the accurate evaluation 
of cartilage damage [13]. Although the clinical 
significance of the early stages of OA before the 
thinning of cartilage focal defect is unclear, high 
signal intensity can be observed inside the carti-
lage on the T2 weighted image. Once the mor-
phological changes occur, the fluid signal fills the 
focal defects or thin regions of the cartilage 
(Fig.  6.15). In progressed OA, diffuse full- 
thickness cartilage loss may be seen, which 
appears as a bone-on-bone contact on radio-

graphic imaging [13]. Numerous classification 
schemes exist for grading cartilage lesions, most 
of which take into account the size and/or depth 
of the lesion. The International Cartilage Repair 
Society (ICRS) has standardized the evaluation 
of articular cartilage injury based on the depth of 
the lesion, in which lesions are graded 0 to 4 
based on the depth of the lesion (Table  6.3) 
(Fig. 6.16) [24]. Grade 1 and 2 lesions have an 
excellent prognosis. Grade 2 and 3 lesions may 
benefit from cartilage debridement or other more 
conservative surgical treatments. Grade 4 lesions 
extend into the subchondral bone and may require 
bone grafting if the bony defect is extensive. 
Subchondral marrow edema is more likely to be 
associated with higher-grade lesions [25].

6.3.2.2  Meniscal Lesions
MRI is the appropriate imaging test to evaluate 
the meniscus that carries out various functions 
including load-bearing, shock absorption, stabil-
ity improvement, and lubrication. The normal 
meniscus demonstrates homogeneous low signal 
intensity on T1-, PD, T2-weighted images. Linear 
or complex high-intensity signals reaching the 

Fig. 6.15 Fat-suppressed T2-weighted sagittal MR 
image shows the fluid-filled area (arrows) in the medial 
tibiofemoral joint due to full-thickness cartilage loss
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Table 6.3 Articular Cartilage Lesion Classification according to the International Cartilage Repair Society (ICRS)

Grade Description of the Condition of the Cartilage Tissue
0 Normal
1 Nearly normal. Superficial lesions. Soft indentation and/or superficial fissures and cracks.
2 Abnormal. Lesions extending down to <50% of cartilage depth.
3 Severely abnormal. Cartilage defects extending down >50% of cartilage depth as well as down to calcified 

layer and down to but not through the subchondral bone. Blisters are included in this grade.
4 Severely abnormal. Cartilage defects extending through the subchondral bone.

a b

c d

Fig. 6.16 Articular Cartilage Lesion Classification accord-
ing to the International Cartilage Repair Society(ICRS). (a) 
Fat-suppressed PD-weighted axial MR image shows focal 
high signal intensity in the articular cartilage of the lateral 
facet of the patella (arrow) (grade 1). (b) Fat-suppressed 
PD-weighted axial MR image shows thinning of the articu-
lar cartilage (<50% of cartilage depth) in the medial facet of 

the patella(arrow) (grade 2). (c) Fat-suppressed PD-weighted 
axial MR image shows a focal defect of the articular carti-
lage (>50% of cartilage depth) in the central facet of the 
patella (arrow) (grade 3). (d) Fat-suppressed PD-weighted 
axial MR image shows the full-thickness cartilage defects 
extending through the subchondral bone in the medial and 
central facet of the patella (arrow) (grade 4)
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articular surface on T2-weighted MRI are 
observed in horizontal cleavages, oblique, or 
complex tears, which are degenerative meniscal 
lesions (Fig. 6.17). Meniscal extrusion and menis-
cal root tear are also associated with OA [11, 12].

6.3.3  Intrameniscal Signal Intensity

The increased signal intensity inside the menis-
cus on the sagittal or coronal MRI is classified 
into three grades as follows (Fig. 6.18) [26].

• Grade 1: Globular signal intensity that is con-
fined to the inside, not extending through the 
articular surface of the meniscus.

• Grade 2: Linear signal intensity that runs hori-
zontally, also confined to the inside and not 
extending through the articular surface of the 
meniscus.

• Grade 3: Linear signal intensity extending 
through the articular surface of the meniscus.

Fig. 6.17 Fat-suppressed proton density-weighted sagit-
tal MR image shows complex tear (arrow) in the posterior 
horn of the medial meniscus. Note thinning of the articu-
lar cartilage in the medial compartment (grade 3)

Fig. 6.18 Schema and correlated MRI findings of intrameniscal signal intensity classification
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In the case of Grade 1 or 2, it is considered as 
an intrasubstance degeneration or myxoid degen-
eration rather than a tear [27]. Early degenerative 
changes progress in areas referred to as muci-
nous, myxoid, or hyaline degeneration, with an 
increase in intercellular mucoid ground sub-
stance. It is presumed to be a result of a simple 
aging process or wear and tear, but the obvious 
cause is still unknown. Generally, it does not 
cause any symptoms nor require any special 
treatment. Due to radially oriented collagen fiber 
or perimeniscal vessel, high signal intensity may 
arise at the junction between the meniscus and 
the joint capsule in normal conditions [28].

6.3.3.1  Bone Marrow Lesions
Bone marrow lesions show low signal intensity 
on T1 weighted image and unclear high signal 
intensity on subchondral bone on fluid-sensitive 
sequences. OA-related bone marrow lesions are 
accompanied by cartilage damage in the same 
area (Fig. 6.19). In OA, bone marrow lesions are 

associated with pain, while fluctuating over time. 
They are also accompanied by deterioration of 
joint space narrowing on radiographic imaging 
[29, 30].

Differential diagnosis of bone marrow lesions 
is as follows [13].

• Traumatic bone marrow lesions
   – Bone contusions, fractures, stress reactions
• Non-traumatic bone marrow lesions
   – Avascular necrosis
   – Spontaneous osteonecrosis of the knee (SONK)
   –  Bone marrow edema syndrome (including transient 

osteoporosis of the knee, regional migratory 
osteoporosis, complex regional pain syndrome, 
reflex sympathetic dystrophy)

   –  Inflammatory bone marrow lesions (such as 
chronic polyarthritis, reactive arthritis, rheumatoid 
arthritis, bacterial arthritis)

   – Malignancy (lymphoma, myeloma, leukemia)
   –  Benign tumors (Langerhans cell histiocytosis, 

chondroblastoma, osteoid osteoma, osteoblastoma)

6.3.3.2  Subchondral Cyst
On MR imaging, this lesion appears as a well- 
defined circular boundary of water signal inten-
sity on the pre-contrast imaging. Subchondral 
cysts usually exist along with bone marrow 
lesions and may occur within the bone marrow 
lesion area as well (Fig. 6.20) [9, 13].

6.3.3.3  Osteophytes
Osteophytes growing at the edge of the joint 
are characteristic features of OA [5]. It is well 
known that the presence of osteophytes on 
radiography defines an OA based on the KL 
grading system. Osteophytes can be detected 
by conventional radiography, but small ones 
are only seen on CT and MRI. The central part 
of the osteophyte shows the same signal inten-
sity as the bone marrow, and the marginal area 
shows the same signal intensity as the cortical 
bone [31].

6.3.3.4  Joint Effusion and Synovitis
Joint effusion and synovitis are often accompa-
nied by OA. Like synovitis in RA, synovitis in 
OA is best evaluated in contrast-enhanced MRI, 
which can discriminate contrast-enhanced 
synovium from non-enhanced synovial fluid 
(Fig.  6.21). Recent studies using contrast- 

Fig. 6.19 Fat-suppressed proton density-weighted coro-
nal MR image shows full-thickness cartilage loss with 
adjacent subchondral bone marrow edema (arrowheads) 
in the medial femoral condyle and tibial plateau. Note 
marginal osteophytes, meniscal degeneration (arrow), and 
medial extrusion of the medial meniscus
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enhanced MRI showed that synovitis was increas-
ingly associated with knee cartilage deterioration 
[32]. If contrast-enhanced MRI is not available, 
non-enhanced MRI can evaluate synovitis by 
using surrogate markers, such as a change in 
Hoffa fat pad signal. This can be called Hoffa 
synovitis and appears to be diffuse high signal 
intensity in the Hoffa fat pad on fluid-sensitive 
MRI [33]. A large amount of effusion is also 
associated with pain and stiffness in OA [11].

6.3.3.5  Ligaments
Rupture of the ligaments in and around the knee 
joint can lead to OA.  The anterior, posterior 
cruciate ligament and collateral ligaments can 
be rupture. This ligament structure appears as a 
partial or complete discontinuity depending on 
the high signal intensity in the ligament on MRI 
[16]. Mucoid degeneration of the anterior cru-
ciate ligament(ACL) is a disease that needs to 
be differentiated from partial rupture 
(Fig.  6.22). The exact pathogenesis of ACL 
mucoid degeneration is still unknown. Potential 

Fig. 6.21 Fat-suppressed Gd-enhanced T1-weighted 
axial MR image shows enhanced synovium (arrows)is 
distinguished from non-enhanced effusion

Fig. 6.22 Fat-suppressed proton density-weighted sagit-
tal MR image shows swelling with high signal intensity in 
the anterior cruciate ligament without discontinuity of the 
fibers, which looks like a celery stalk (arrow)

Fig. 6.20 Fat-suppressed proton density-weighted coro-
nal MR image shows a hyperintense subchondral cyst 
(arrowhead) in lateral femoral condyle with thinning of 
adjacent articular cartilage. Note complex tear in the 
medial meniscus (arrow), thinning of the articular carti-
lage in the medial compartment
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causes include synovial lining defects causing 
exposure of the ACL to degradative synovial 
environment effects [34], the posttraumatic 
release of glycosaminoglycans by fibroblasts 
that become interspersed between ACL fibers 
[35], and congenital synovial tissue ectopia 
[36]. Mucus material is visible between the 
fiber bundles, but no disruption of the bundles 
is observed. Fat-suppressed PD MR image 
shows high signal intensity, but are not 
enhanced on contrast-enhanced images. The 
anterior cruciate ligament looks enlarged in the 
shape of a celery stalk. ACL mucoid degenera-
tion at MR imaging in participants with or at 
risk for OA is associated with progression of 
medial tibiofemoral compartment joint space 
loss at radiography [37].

6.3.3.6  Bursitis and Loose Bodies
Bursitis can be shown in OA. Most cystic lesions 
appear to be encapsulated fluid collections showing 
low T1 and high T2 signals. Loose bodies are often 
seen, particularly in advanced OA (Fig. 6.23). In 
OA, loose bodies originate from chondral frag-
ments, detached osteophytes, fragments of the 
meniscus. Differential diagnosis includes synovial 

osteochondromatosis, spontaneous osteonecrosis 
of the knee, RA, and calcium pyrophosphate dihy-
drate deposition disease, etc. [13].

6.3.3.7  Subchondral Attrition
Subchondral attrition is defined as flattening or 
depression of a subchondral osseous surface that 
is not associated with a fracture. This can be 
assessed by radiographic imaging, and while it 
may appear in knees of mild OA patients without 
joint space narrowing, subchondral attrition usu-
ally occurs in advanced knee osteoarthritis [13]. 
The exact mechanism of this OA finding is 
unknown, but subchondral microfracture and 
remodeling caused by changes in mechanical 
load might cause bone attrition. This has been 
demonstrated to be related to knee pain [38].

6.4  Summary

Radiography is the most commonly used imag-
ing modality for OA evaluation in the knee due to 
lower cost and greater accessibility. It can be seen 
bony features, including osteophytes, subchon-
dral sclerosis, and subchondral cysts. It can also 

a b

Fig. 6.23 (a) Fat-suppressed proton density-weighted 
coronal MRI image shows several small ovoid and globu-
lar loose bodies (arrows) in the knee. (b) Fat-suppressed 

proton density-weighted axial MRI image shows a small 
rectangular cartilage fragment (arrow) in the lateral aspect 
of the posterior medial femoral condyle
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determine joint space width reflecting the status 
of not only cartilage but also menisci. However, 
the exact measurement of each of these articular 
structures is not possible with radiography. 
Progression of joint space narrowing is the most 
commonly used criterion for the evaluation of 
OA progression, and the complete loss mani-
fested by bone-on-bone contact is one of the indi-
cators for knee arthroplasty. MRI, which is 
becoming an increasingly more important imag-
ing modality, can be seen non-osteochondral OA 
features that are not detected on radiography, 
including articular cartilage, menisci, ligaments, 
synovium, capsular structures, fluid collections, 
and bone marrow. Moreover, MRI has added to 
the understanding of the significance of these 
structures, such as explaining pain and structural 
progression, etc.
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Diagnosis and Differential 
Diagnosis

Sang-Min Lee

Abstract

Knee osteoarthritis is a disease that causes 
structural and functional disorders of the joint 
due to damage to normal tissues; early diag-
nosis is difficult because it has various causes 
and vague symptoms. Even if it is detected 
early, the disease still needs further examina-
tion because of the lack of effective diagnostic 
tools for early diagnosis. To diagnose osteoar-
thritis, clinicians must systematically perform 
diagnostic procedures from detailed history 
taking to meticulous and thorough examina-
tion. Detailed history taking is important and 
should also include patient information such 
as ethnic information, age, sex, height, weight, 
and symptoms. Physical examination includ-
ing inspection, palpation, and basic function 
examination is also performed. Plain radio-
graphs are the basic imaging examination, and 
computed tomography and magnetic resonance 
imaging can be considered as necessary. Blood 
examination including white blood cell count, 
C-reactive protein level, erythrocyte sedimen-
tation rate, rheumatoid factor level, uric acid 

level, and cartilage oligomeric matrix protein 
level; joint fluid analysis; and bone scan can be 
helpful for diagnosis and differential diagnosis. 
If other diseases causing arthritis are misdiag-
nosed as osteoarthritis, omitted or unnecessary 
treatment may adversely affect the patient, so 
the differential diagnosis should be considered. 
Therefore, prior to diagnosis of osteoarthritis, 
the possibility of rheumatoid arthritis, seroneg-
ative spondyloarthropathies, infectious arthri-
tis, crystal-induced inflammatory arthropathy, 
spontaneous and secondary osteonecrosis, and 
other diseases should be considered.

Keywords

Knee osteoarthritis · Diagnosis · Physical 
examination · Alignment · Rheumatoid 
arthritis · Infectious arthritis · Arthropathy 
Osteonecrosis

7.1  Diagnosis

Knee osteoarthritis (OA) is known to be the clini-
cal and pathological outcome of various disor-
ders that induce structural and functional failure 
of the synovial joint [1]. The various causes of 
OA include disorders of the articular cartilage, 
ligaments, and joint capsule, synovial membrane 
inflammation, and subchondral bone calcification 
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[2], and it occurs when the dynamic equilibrium 
between joint tissues break down and the self- 
repair system is overwhelmed [3]. Progression of 
OA may cause pain, physical disability, and psy-
chological distress [4, 5].

Knee OA diagnosis is based on the history of 
the condition and clinical features (Table  7.1) 
[6]. Radiological testing such as X-ray and MRI 
is essential for the degree of involvement and 
diagnosis of the disease when evaluating 
patients with suspected osteoarthritis in the knee 
joint. Clinical findings and physical examina-
tion are important. Information about patient’s 
ethnics, age, sex, body mass index (BMI), trau-
matic onset, difficulty in descending the stairs, 
and effusion should be also collected. 
Furthermore, radiologic findings and clinical 
features such as fixed flexion deformity, 
restricted flexion range of motion, and crepitus 
are known to be vital in predicting knee OA, 
with a sensitivity and specificity of 94% and 
93%, respectively [7].

Knee OA can be diagnosed clinically and 
radiologically as well as based on diagnostic cri-
teria such as the American College of 
Rheumatology (ACR) and European League 
Against Rheumatism (EULAR) diagnostic crite-
ria [8]. The EULAR diagnostic criteria present 
three symptoms (persistent knee pain, limited 
morning stiffness, and reduced function) and 
three signs (crepitus, restricted movement, and 
bony enlargement), and patients showing all six 
symptoms and signs can be 99% accurately diag-
nosed with knee OA.

Knee OA can be classified as primary or sec-
ondary depending on the etiology. It may be 
induced by secondary factors such as obesity, 
fracture around the knee, ligament injury, and 
inflammatory or genetic factors; when these fac-
tors stimulate the progression of OA, such cases 
are considered secondary OA [9].

7.1.1  Evaluation and History Taking

The most basic aspect of diagnosing knee OA is 
detailed history taking. Because not all radiologic 
tests can be performed on all patients, knee OA 
cannot be diagnosed via radiologic assessment 
alone. It is also possible that clinical and radio-
logical findings might be inconsistent; therefore, 
the cause of the symptoms should be determined, 
and differential diagnosis should be performed 
based on detailed history taking and clinical 
findings.

7.1.1.1  Patient Information
The first process involves obtaining patient infor-
mation. Identifying the patient by confirming 
whether the patient’s name, age, and ID number 
match the records is the most basic step in ensur-
ing patient safety. Once the patient is identified, 
the patient’s job, ethnics, and lifestyle should be 
additionally examined. Patients who engage in 
high-intensity manual labor for an extended 
period would be at an elevated risk for premature 
joint degenerative changes. Furthermore, kneel-
ing and squatting with heavy lifting can acceler-
ate the progression of OA.

Table 7.1  The American College of Rheumatology cri-
teria for the diagnosis of knee OA

Using medical history and clinical examination
Pain in the knee and three of the following
1. Age > 50 years
2. Morning stiffness <30 min
3. Crepitus on active motions
4. Bony tenderness
5. Bony enlargement
6. No palpable warmth of synovium
Using medical history, clinical examination, and 
radiographic findings
Pain in the knee and one of the following
1. Age > 50 years
2. Morning stiffness <30 minutes
3. Crepitus on active motions and osteophyte
Using medical history, clinical examination, and 
laboratory findings
Pain in the knee and five of the following
1. Age > 50 years
2. Morning stiffness <30 min
3. Crepitus on active motions
4. Bony enlargement
5. No palpable warmth of synovium
6. ESR <40 mm/h
7. Rheumatoid factor < 1/40
8. Synovial fluid signs of osteoarthritis

ESR erythrocyte sedimentation rate
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7.1.1.2  Chief Complaint
It is important to obtain information on the 
specific site of pain: whether it is medial or lat-
eral, the onset of the pain: gradual or sudden, 
the nature of the pain: focal or radiating, when 
the symptom exacerbates: whether the symp-
tom improves with rest, whether it is exacer-
bated when walking, and the presence of 
swelling or instability. Chronic joint effusion 
may be observed in meniscus tear or knee OA, 
and inflammatory arthritis such as rheumatoid 
arthritis or goutic arthritis should be suspected 
when knee joints are repeatedly swollen.

7.1.1.3  History Taking
The main symptom of knee OA is pain. Pain on 
the knee occurs after a weight-bearing activity, 
and in the early stages, it improves with rest. This 
characteristic differentiates it from inflammatory 
arthritis, in which pain usually occurs early dur-
ing an activity, and once arthritis progresses, pain 
does not easily improve with rest [10]. There may 
be persistent pain even at rest and at night with 
severe joint destruction or with acute 
inflammation.

The site of OA can be in the tibiofemoral or 
patellofemoral joint [11]. Patients with OA 
involving only the patellofemoral joint com-
plain of pain around the patella, and the pain is 
typically exacerbated when climbing up and 
down the stairs. Arthritis affecting the tibio-
femoral joint is more symptomatic and often 
causes walking dysfunction. Crepitus and 
swelling can be observed in the knee as arthri-
tis progresses. When meniscus tear or loose 
body in the joint is also present, motor restric-
tion or joint locking can also be observed. 
Disuse atrophy of the quadriceps femoris mus-
cle can be developed with prolonged 
OA.  Weakened quadriceps femoris, pain, and 
joint degeneration may cause the knee to give 
way. Substantial cartilage lost in one tibio-
femoral compartment may also show progres-
sive changes in the joint axis, such as genu 
valgum or genu varum (Fig. 7.1).

7.1.2  Physical Examinations

7.1.2.1  Inspection
Clinicians should not solely rely on radiologic 
findings when examining a patient. Similar to 
history taking, physical examination is crucial in 
the diagnosis of knee OA [12, 13]. When per-
forming physical examination, the entire knee 
should be exposed, and the anterior, medial, lat-
eral, and posterior aspects of the knee should be 
visually inspected. The patient should be in an 
upright position with the patella facing forward 

Fig. 7.1 Varus alignment shown in a patient with medial 
compartment osteoarthritis
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and should be 2 feet apart with the toes pointing 
forward. While standing, the alignment of the 
patient’s legs should be examined. The patient 
should be asked to walk to examine the presence 
of an antalgic or abnormal gait caused by neu-
ropathy as well as lesions in any other parts, such 
as the spine, hip, and ankle. A gait cycle is 
broadly divided into the stance and swing phases, 
and most abnormal findings are observed in the 
stance phase, from the contact of the heel on the 
ground to the lifting of the tip of the toe off the 
ground.

Varus thrust refers to a lateral knee joint 
motion caused by increased varus in the stance 
phase, and OA with associated medial compart-
ment erosion is known to be the most common 
cause [14]. Valgus thrust, the opposite of varus 
thrust, refers to a medial knee motion during 
weight-bearing; when valgus thrust occurs in 
both knee joints, individuals walk with their legs 
curved outward to prevent the knee joints from 
clashing into each other. Valgus thrust rarely 
occurs compared to varus thrust, and it contrib-
utes to the onset or progression of lateral OA by 
increasing the load transmitted onto the lateral 
tibiofemoral compartment of the knee [15].

To measure the range of motion of the knee 
joint, the patient should be asked to lie down on 
an examination bed, and the lateral angle between 
the thigh and lower leg is measured using a goni-
ometer. An approximately 5-degree hyperexten-
sion is normal, but restrictions in extension or 
flexion compared to the healthy knee may indi-
cate internal joint abnormalities such as meniscus 
tear or OA.

7.1.2.2  Palpation
Because the knee joint has thin soft tissue except 
on its posterior aspect, abnormalities can be pal-
pated unless in cases of severe obesity. During 
palpation, a clinician should screen for bony ten-
derness around the joint line, examine whether a 
crackling or grinding sound (crepitus) is heard 
when the knee is flexed or extended or during 
weight-bearing, and screen for any bony enlarge-
ment in the joint line [5]. Particularly, tenderness 
and osteophyte in the joint line are serious indica-
tions of OA diagnosis. Patellofemoral joint line 

tenderness is usually observed in patients with 
patellofemoral pain. Joint effusion refers to 
increased joint fluid within the joint, and it indi-
cates a problem within the joint such as synovitis. 
Though a joint effusion is commonly observed in 
meniscal tear or OA, it may be also caused by 
inflammatory arthritis, hemarthrosis, or abscess 
due to infection.

7.1.2.3  Basic Function Examination
Muscle power or joint balance and stability 
should be performed to assess muscle strength 
and proprioception. In particular, quadriceps 
weakness is a characteristic feature of knee 
OA.  Reduced quadriceps strength is one of the 
initial clinical findings observed before the 
patient experiences symptoms or disability from 
knee OA, and it plays an important role in disease 
development [5].

7.1.2.4  Image Finding
Radiological findings are used to confirm OA and 
examine the involved compartments and degree 
of progression. However, the severity of the pain 
and joint injury on radiological findings are not 
always consistent. Plain radiographs for evaluat-
ing the knee OA include a supine knee anterior- 
posterior, lateral view, and merchant view which 
visualize patellofemoral joint. Rosenberg view 
which is posterior-anterior radiograph with 
weight-bearing and 45 degrees of knee flexion is 
helpful for detecting an early chondral loss in the 
medial and lateral femoral condyle. Standing 
whole leg radiographs should be taken to assess 
alignment abnormalities of the lower limbs. For 
OA, plain radiographs in the weight-bearing 
position may be more beneficial, and the findings 
show typical joint space narrowing in the medial, 
lateral, and patellofemoral compartments, sub-
chondral bone sclerosis, subchondral bone cyst, 
osteophyte in the joint edges, and irregular joint 
surface [9, 16]. The Kellgren–Lawrence classifi-
cation system, which classifies the severity of 
arthritis based on radiographic findings, is widely 
used. MRI can detect early arthritic changes as 
well as abnormalities of the articular cartilage, 
subchondral bone, meniscus, and other soft tis-
sues. Detailed radiologic assessment and radio-
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logic staging were described in the previous 
chapter.

7.1.2.5  Alignment of the Knee Joint
The alignment of the knee joint can be evaluated 
in the coronal and sagittal planes, and whole leg 
weight-bearing radiographs are generally used 
for this purpose. In the standing position, a neu-
tral alignment of the knee joint in the coronal 
plane places the weight-bearing axis on the cen-
ter of the knee joint, but deviation of the center of 
the knee joint from the weight-bearing axis leads 
to a malalignment on the coronal plane. Varus 
alignment shows a lateral displacement of the 
center of the knee joint from the weight-bearing 
axis, while valgus alignment shows a medial dis-
placement of the center of the knee joint from the 
weight-bearing axis. In varus, there is increased 
weight placed on the medial compartment; there-
fore, the risk for medial compartment arthritis is 
increased, while in valgus, there is increased 
weight placed on the lateral compartment and 
thus the risk of lateral compartment arthritis is 
elevated [17, 18]. Many patients with OA who 
complain of pain show varus alignment. The 
alignment angle can be deviated from the normal 
without symptoms in young adults, but increas-
ing degree of misalignment facilitates joint sub-
luxation and may accelerate arthritis due to 
abnormal increase of loading.

In a normal alignment of the knee joint in the 
sagittal plane, the center of the knee joint is 
immediately behind the weight-bearing axis. 
Flexion contracture occurs when the center of the 
knee joint is anterior to the weight-bearing axis, 
while recurvatum occurs when the center of the 
knee joint is posterior to the weight-bearing axis. 
In such misalignment, the posterior joint capsule 
and ligament cannot act to support the body 
weight, which would cause difficulty in main-
taining posture and cause a dysfunction of nor-
mal kinematics.

7.1.2.6  Laboratory Findings
Blood test results are generally normal in knee 
OA and they are mostly used to exclude other 
conditions, such as infection, gout, and rheuma-
toid arthritis, as opposed to diagnosing knee OA 

itself. Parameters such as white blood cell (WBC) 
count, C-reactive protein (CRP), erythrocyte sed-
imentation rate (ESR), and rheumatoid factor 
(RF) may be conducive to differential diagnosis. 
Joint fluid analysis examines the joint fluid in the 
knee joint via aspiration. In knee OA, results gen-
erally indicate no inflammation, with a WBC 
(mostly monocytes) count of below 200 mm3. A 
recent study has reported the potential utility of 
cartilage oligomeric matrix protein (COMP) as a 
diagnostic and prognostic biomarker of knee 
OA. The median serum COMP levels were sig-
nificantly higher in the knee OA group than in the 
control group, and had positive correlations with 
age, BMI, and pain scores, suggesting their use-
fulness in the diagnosis of knee OA.  However, 
COMP levels were not significantly correlated 
with the radiological grade and were high during 
the first 3 years of the disease, suggesting a limi-
tation [19, 20]. Matrix metalloproteinases sup-
press chondrocyte synthesis of type II collagen 
and aggrecan, which is required to restore the 
extracellular matrix. It is also found during the 
turnover of osteoarthritic joints, fragments of 
extracellular matrix molecules, and other degra-
dation products of cartilage metabolism and the 
cartilage matrix that are released into the syno-
vial fluid and thereafter into the blood serum. 
However, it seems that further research on this 
topic is needed [21–23].

7.1.2.7  Bone Scintigraphy
Bone scintigraphy generates functional images 
that reflect metabolic activities of the bones. It 
is easily accessible in the clinical settings and 
is useful in differentiating the type of bone 
trauma including bone metastases, stress frac-
ture, plantar fasciitis, Paget’s disease, and 
osteomyelitis [24]. Bone scintigraphy uses 
99mTechnetium labeled methylene diphospho-
nate (99mTc- MDP), a compound that rela-
tively binds less to the organic phase, and is 
absorbed by and quickly accumulated in the 
mineral phase of the bone [24]. OA also 
includes bone reactivity such as osteophyte 
formation around the joint and subchondral 
sclerosis. Progressive OA is characterized by 
high bone turnover and release of bone miner-
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als, which increases the likelihood of bonding 
with 99mTc-MDP; therefore, the technique 
can be useful for diagnosis [25].

7.2  Differential Diagnosis

The key aspects of differential diagnosis for degen-
erative knee OA are medical history and physical 
examination. First, clinicians should determine 
whether it is monoarthritis or polyarthritis and 
whether the onset is acute or chronic. Acute onset 
within several hours to 1 week typically indicates 
inflammatory arthritis, particularly bacterial infec-
tion, while slow onset suggests degenerative arthri-
tis. Septic arthritis can be suspected in the presence 
of fever, chills, and infection in other parts of the 
body. Rheumatoid arthritis can initially be sus-
pected if there are symmetrical polyarthritis symp-
toms that persist for more than 1 month. Ankylosing 
spondylitis or Reiter’s syndrome can be suspected 
in the presence of repeated low back pain and lum-
bar stiffness in addition to knee pain. Psoriatic 
arthritis, which is related to psoriasis, is character-
ized by scaly skin rashes and a small number of 
involved joints. In gouty arthritis, the characteristic 
monosodium urate monohydrate crystals can be 
observed in the joint fluid using a polarizing micro-
scope. Tuberculous arthritis and pigmented villon-
odular synovitis can be differentiated from other 
oncologic disorders using tissue biopsy. 
Additionally, knee joint fluid analysis can be help-
ful for differential diagnosis of inflammatory, sep-
tic arthritis, among others (Table 7.2).

Clinicians should note that knee pain may also 
be caused by a lumbar or an ipsilateral hip joint 
disorder and should rule out pain originating from 
periarticular soft tissues, such as tendons or bursa.

7.2.1  Rheumatoid Arthritis

Severity and onset of symptoms and family history 
are helpful in diagnosing rheumatoid arthritis. In 
general, rheumatoid arthritis involves multiple 
joints, and patients complain of pain in several 
joints. However, rheumatoid arthritis, which only 
complains of knee symptoms for weeks to months 
before symptoms begin in other joints, is also not 
uncommon. Rheumatoid arthritis is characterized 
by synovial deposition of mononuclear phago-
cytes, lymphocytes, plasma cells, and polynuclear 
leukocytes, and as the disease progresses, the 
synovial tissue swells and enlarges, and the villi 
protrude into the joint. Rheumatoid arthritis does 
not show consistent clinical manifestations; some 
cases end up with synovitis, while other cases may 
progress aggressively and cause structural injuries 
of the joint within 2 years of onset [26]. The 2010 
ACR and EULAR diagnostic criteria for rheuma-
toid arthritis are helpful in the diagnosis [27]; 
According to these criteria, rheumatoid arthritis 
can be diagnosed with a score of 6 or higher out of 
10 for joint involvement (A), RF and anti-citrulli-
nated protein antibody (B), ESR, CRP (C), and 
symptom duration (D) (Table 7.3). Blood exami-
nation includes RF and anti-cyclic citrullinated 
peptide antibodies.

Table 7.2 Characteristics of joint fluid analysis

Normal Non-inflammatory Inflammatory Septic arthritis Hemorrhagic
Viscosity High High Low Low Low
Color Colorless Straw or yellow Yellow or white Various Blood
Transparency Transparent Transparent Light 

transmittable
Opaque Various

White blood cells per mm3 ~200 200–3000 2000–75,000 >100,000, 
mostly

Various

Polymorphonuclear leukocytes ≤25% ≤25% >50% >75% Various

Glucose 90% of 
blood

90% of blood 75% of blood 50% of blood Various

Culture result Negative Negative Bacteria negative Bacteria 
positive

Negative
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7.2.2  Seronegative 
Spondyloarthropathies

Seronegative spondyloarthropathies are a group 
of disorders related to rheumatoid arthritis that 
involve joints of the spine and extremities, par-
ticularly the knee [28]. The prevalence of the dis-
ease is increased among individuals with the 
human lymphocyte antigen (HLA)-B27 gene. 
Ankylosing spondylitis, Reiter’s syndrome, and 
psoriatic arthritis fall under this category, and 
they are characterized by chronic synovitis in the 
involved joint. The pathology of synovitis is con-
sistent with that of rheumatoid arthritis; there-
fore, the disease cannot be differentiated based 
on synovial biopsy; clinical diagnosis is required.

Table 7.3  The 2010 American College of Rheumatology/
European League Against Rheumatism classification cri-
teria for rheumatoid arthritis (Aletaha et al. [27])

Score
Target population (who should be tested?): 
Patients who
   1.  have at least one joint with definite clinical 

synovitis (swelling)a

   2.  with the synovitis not better explained by 
another diseaseb

Classification criteria for RA (score-based 
algorithm: add score of categories A–D;
   a score of ≥6/10 is needed for classification 

of a patient as having definite RA)c

A. Joint involvementd

   1 large jointe

   2–10 large joints
   1–3 small joints (with or without involvement 

of large joints)f

   4–10 small joints (with or without 
involvement of large joints)

   >10 joints (at least 1 small joint)g

0
1
2
3
5

B. Serology (at least one test result is needed 
for classification)h

   Negative RF and negative ACPA
   Low-positive RF or low-positive ACPA
   High-positive RF or high-positive ACPA

0
2
3

C. Acute-phase reactants (at least one test result 
is needed for classification)i

   Normal CRP and normal ESR
   Abnormal CRP or abnormal ESR

0
1

D. Duration of symptomsj

   <6 weeks
   ≥6 weeks

0
1

RA rheumatoid arthritis, RF rheumatoid factor, ACPA 
anti-citrullinated protein antibody, CRP C-reactive pro-
tein, ESR erythrocyte sedimentation rate
aThe criteria aim at classification of newly presenting 
patients. In addition, patients with erosive disease typical 
of RA with a history compatible with prior fulfillment of 
the 2010 criteria should be classified as having 
RA. Patients with longstanding disease, including those 
whose disease is inactive (with or without treatment), and 
who, based on retrospective available data, have previ-
ously fulfilled the 2010 criteria should be classified as 
having RA
bDifferential diagnoses vary among patients with different 
presentations, but may include conditions such as sys-
temic lupus erythematosus, psoriatic arthritis, and gout. If 
the relevant differential diagnoses that need to be consid-
ered are unclear, an expert rheumatologist should be 
consulted
cAlthough patients with a score of 6/10 cannot be classi-
fied as having RA, their status can be reassessed and the 
criteria might be fulfilled cumulatively over time

(continued)

Table 7.3 (continued)
dJoint involvement refers to any swollen or tender joint on 
examination, which may be confirmed by imaging evi-
dence of synovitis. Distal interphalangeal joints, first car-
pometacarpal joints, and first metatarsophalangeal joints 
are excluded from the assessment. Categories of joint dis-
tribution are classified according to the location and num-
ber of involved joints, with placement into the highest 
category possible based on the pattern of joint 
involvement
e“Large joints” refer to shoulders, elbows, hips, knees, and 
ankles
f“Small joints” refer to the metacarpophalangeal joints, 
proximal interphalangeal joints, second through fifth 
metatarsophalangeal joints, thumb interphalangeal joints, 
and wrists
gIn this category, at least one of the involved joints must be 
a small joint; the other joints can include any combination 
of large and additional small joints, as well as other joints 
not specifically listed elsewhere (e.g., temporomandibu-
lar, acromioclavicular, and sternoclavicular)
hNegative refers to international unit (IU) values that are 
less than or equal to the upper limit of normal (ULN) for 
the laboratory and assay; low-positive refers to IU values 
that are higher than the ULN but ≤3 times the ULN for the 
laboratory and assay; high-positive refers to IU values that 
are >3 times the ULN for the laboratory and assay. Where 
RF information is only available as positive or negative, a 
positive result should be scored as low-positive for RF
iNormal/abnormal is determined by local laboratory 
standards
jDuration of symptoms refers to patient self-report of the 
duration of signs or symptoms of synovitis (e.g., pain, 
swelling, tenderness) of joints that are clinically involved 
at the time of assessment, regardless of treatment status
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Ankylosing spondylitis involves the sacroiliac 
joint, joints of the extremities, and knee joint. It 
generally affects men in their 20s and 30s. It 
involves the sacroiliac joint at the time of onset; 
therefore, low back pain and lumbosacral stiff-
ness are characteristic symptoms. If inflamma-
tory arthritis of a single knee joint is accompanied 
by low back pain, the diagnosis for ankylosing 
spondylitis may be frequently missed because the 
symptoms are masked. The disease triggers pain 
at the tendon and ligament insertion on the bone, 
and particularly, patients complain of multiple 
pain sites such as the Achilles tendon insertion. 
Patients exhibit spastic gait, where they compen-
sate for spinal stiffness with knee flexion to main-
tain a standing posture and walk. HLA-B27 can 
be tested for diagnostic purposes, and most 
patients are diagnosed based on history, physical 
examination, and radiologic findings.

Reiter’s syndrome is a disease that asymmetri-
cal arthritis occurs in a small number of joints 
following an infection of the urogenital or gastro-
intestinal tract, and inflammation of the eyes, 
mucosa, and skin may occur. Asymmetrical 
arthritis occurs in a small number of joints 
1–3 weeks after urethritis or gastrointestinal tract 
infection, and the knee joint is commonly 
involved. Inflammation at tendon or ligament 
insertion of a bone, such as the Achilles tendon, 
is also common. Radiographs show sacroiliac 
joint involvement in 70% of the patients, and 
80% of the patients are positive for HLA-B27.

The concept of psoriatic arthritis emerged as it 
had been reported that psoriasis was associated 
with inflammatory arthritis. Various types of 
arthritis occur in the extremities or spinal joints, 
but unlike other spinal arthritis, sacroiliac arthri-
tis is rare. The diagnosis can be made based on 
psoriasis in the skin or fingernails and toenails 
with polyarthritis. Synovial findings are similar 
to those of rheumatoid arthritis.

7.2.3  Infectious Arthritis

Infection of the knee joint can affect individuals 
of any age; however, it most commonly affects 
immunocompromised patients with cancer, dia-

betes mellitus, alcoholism, acquired immuno-
deficiency syndrome, or corticosteroid therapy. 
In septic arthritis, sudden pain or swelling often 
occurs in the knee joint without trauma [29]. 
During physical examination, the knee is warm 
and swollen, and the patient experiences intense 
pain even with slight motion of the knee joint. 
Septic arthritis that occurs after an invasive pro-
cedure is believed to be a common cause. This is 
because the use of intraarticular injection and acu-
puncture for degenerative arthritis is increasing in 
the aged population and the knee joint is vulner-
able to microbial infiltration and trauma [30].

When patients present to the hospital, sys-
temic symptoms are not uncommon, with fever, 
sweat, and chills presented in 34%, 15%, and 6% 
of cases, respectively; however, fever is not an 
essential criterion for the diagnosis of septic 
arthritis [31]. Arthrocentesis is required for the 
diagnosis, and the joint fluid is turbid. In septic 
arthritis, the WBC count in the fluid exceeds 
50,000 per mm3 (50 × 109 per L); however, the 
WBC count may be below 28,000 per mm3 in 
immunocompromised individuals. Particularly, 
more than 90% (0.90) polymorphonuclear cells 
strongly indicate acute septic arthritis. Although 
the likelihood is low, it cannot be completely 
ruled out even in normal patients with a WBC 
count of below 50,000 per mm3 [32]. Common 
pathogens include Staphylococcus aureus, 
Streptococcus species, Haemophilus influenzae, 
and Neisseria gonorrhoeae.

7.2.4  Crystal-Induced Inflammatory 
Arthropathy

Acute inflammation, pain, or sudden swelling 
that is nontraumatic may indicate septic arthritis 
as well as crystal-induced inflammatory arthrop-
athy such as gout or pseudogout. The latter com-
monly affects the knee joint and is characterized 
by heat sensation and increased WBC count, 
showing similar symptoms with those of septic 
arthritis. Crystal arthritis and septic arthritis are 
differentiated based on synovial analysis, by con-
firming crystals and positivity on culture test. 
Acute gout, an inflammatory crystal arthropathy, 
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is spontaneously resolved within an average of 
1–2  weeks [33, 34]. However, if gouty attack 
occurs more frequently, persists longer, and is not 
completely resolved, these lead to chronic gouty 
arthropathy. Gouty arthropathy is characterized 
by joint space narrowing but not periarticular 
osteopenia, which contrasts with rheumatoid 
arthritis. In gout, monosodium urate crystal pre-
cipitates can be observed in the knee joint fluid 
using a polarized microscope, and in pseudogout, 
calcium pyrophosphate crystals are observed.

7.2.5  Spontaneous and Secondary 
Osteonecrosis

Osteonecrosis of the knee is a disease that causes 
knee pain, similar to that generated by OA; it can 
be classified into spontaneous and secondary 
osteonecrosis. Although the exact etiology of 
osteonecrosis is still unknown, medical condi-
tions such as blood diseases, steroid use, sys-
temic lupus erythematosus, organ transplantation, 
Casson’s disease, Gaucher’s disease, and alcohol 
overuse are some known causes.

Spontaneous osteonecrosis is three times more 
common among women, and most patients are 
60 years or older. In general, sudden knee joint 
pain is caused by mild trauma or abnormal behav-
ior, and pain is mostly severe. The disease exac-
erbates proportionately with activity, and the 
symptoms tend to be worse at night. While the 
medial femoral condyle is the typical site 
affected, it is also relatively common in the tibial 
condyle and lateral femoral condyle, as well as in 
the patella. Recently, it has been reported that 
spontaneous osteonecrosis of the knee (SONK) is 
a subchondral insufficiency fracture (SIF) that 
has progressed into collapse with secondary 
necrosis. Because proven microtraumatic origin 
of SONK and the histopathologic and MRI fea-
tures unite it with SIF, this notion is currently 
accepted [35].

Secondary osteonecrosis mostly affects young 
patients under 55 years, and most patients have 
risk factors including trauma, use of corticoste-
roids, sickle cell anemia, collagen vascular dis-
ease, and alcoholism. Multiple joints are affected 

in many cases, and more than 80% of secondary 
osteonecrosis cases in the knee joint are bilateral, 
with a 60–90% probability of involving an addi-
tional joint [36]. Radiologic evaluation is impor-
tant in the diagnosis of knee osteonecrosis. Bone 
scan is essential for the diagnosis of osteonecro-
sis, and MRI is crucial for staging and differential 
diagnosis of osteonecrosis, as it enables a detailed 
observation of the changes in the subchondral 
bone related to osteonecrosis.

7.2.6  Other Diseases 
to Be Diagnosed Differentially

In many cases, it is difficult to differentiate symp-
toms of meniscal tear in older adults with OA 
from progressive OA and spontaneous osteone-
crosis. Even if a patient complains of severe pain 
in the knee without trauma, there are many diffi-
culties in determining the cause if the cause of 
the symptoms such as an additional meniscal 
tear, exacerbation of an existing disease, and 
loose body in the joint have not been identified. If 
the symptoms are not severe, observing clinical 
progress for an appropriate period of time will 
help with clinical treatment and prognosis.

One or more bursae are present around the 
knee joint, and some are connected to the knee 
joint. Depending on their location, they are called 
the suprapatellar bursa, prepatellar bursa, infrapa-
tellar bursa, popliteal cyst, pes anserine bursa, 
medial collateral ligament bursa, and iliotibial 
bursa. As the medial collateral ligament bursa is 
commonly shown on an MRI of a normal joint, it 
must be differentiated from meniscal tear and 
medial collateral ligament tear. Iliotibial band 
syndrome causes lateral knee pain that is related 
to repeated motion. Its etiology is chronic infec-
tion of the iliotibial bursa due to friction between 
the iliotibial band and lateral femoral epicondyle. 
Patients complain of local pain in the distal ilio-
tibial band between the epicondyle and Gerdy 
tubercle. Anserine bursitis shows swelling and 
tenderness on the medial aspect of the knee joint.

Connective tissue diseases, such as lupus, may 
show inflammatory arthritis of the knee joint. 
Fortunately, arthritis is rare, and this disease can 
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be suspected in the presence of systemic joint 
symptoms.

Lyme disease is a complex multiorgan infec-
tion caused by Borrelia burgdorferi, a spirochete 
found in ticks. The pathogen circulates in the 
blood and causes rash and pain at the infection 
site, and following a migrating joint pain, unilat-
eral or bilateral knee chronic synovitis ultimately 
develops.

7.3  Summary

Diagnosis of OA is made by combining patient’s 
detailed medical history and physical examina-
tion, radiological examination, and blood test 
results. Knee OA should not be diagnosed by 
radiological changes alone, as they are detected 
after the disease has progressed. Moreover, since 
most elderly people are accompanied by degen-
erative changes in their knee joints, differential 
diagnosis with other diseases that cause degen-
erative changes in the knee is of great impor-
tance, especially in the elderly. Misdiagnosis can 
be harmful to patients if it does not provide 
proper treatment. Therefore, differential diagno-
sis of rheumatoid arthritis, seronegative spondy-
loarthropathies, infectious arthritis, crystalline 
inflammatory arthropathy, spontaneous and sec-
ondary osteonecrosis, and other diseases should 
be considered.
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Non-Pharmacologic Management

Soung-Kyun Hong and Seung-Suk Seo

Abstract

Knee OA has been known as a degenerative 
change in which various causes, such as aging, 
obesity, and inflammatory changes, are com-
pounded, resulting in repeated wear and tear 
of articular cartilage. In addition to pain, phys-
ical symptoms of knee OA include reduced 
muscle strength and range of motion, reduced 
lower limb balance due to decreased proprio-
ception, and walking disability. Non- 
pharmacologic treatment is necessary to treat 
physical symptoms caused by knee OA. Non- 
pharmacologic treatment includes patient edu-
cation, weight loss, exercise therapy, and 
physical therapy. Knee OA is a chronic dis-
ease, so it is important for patients to under-
stand their condition and change their lifestyle. 
Therefore, patient education is necessary. 
Losing weight is an essential factor in improv-
ing pain caused by knee OA. Losing weight 
requires exercise therapy as well as diet ther-
apy. Exercise therapy also helps strengthen 
muscles around the knee, improve the range of 
exercise and improve the sense of balance in 

the lower extremities. Physical therapy is use-
ful for improving the pain and function of 
OA. Many kinds of the instrument are needed 
for physical therapy. Various methods are used 
for such non-pharmacologic treatments, but 
not only one method is used for treatment, but 
a combination of different treatment methods 
depending on the patient’s condition can lead 
to better treatment.

Keywords

Knee OA · Non-pharmacologic management 
Exercise · Weight loss · Physical therapy

8.1  Introduction

Osteoarthritis (OA) of the knee is a progres-
sive and debilitating condition characterized 
by marked pain and stiffness, which frequently 
causes physical disability [1]. Especially, joint 
pain and functional problem are the main symp-
toms of knee OA [2]. More than 50 modalities of 
non-pharmacological, pharmacological, and sur-
gical therapy for OA are described in the medical 
literature [3]. The non-pharmacological treatment 
is usually useful for patients with low-grade knee 
OA [4]. Strategies for relieving pain, minimiz-
ing disability and slowing disease progression 
are key elements of conservative,  non-surgical 
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 management of knee OA. Osteoarthritis Research 
Society International (OARSI)’s guidelines rec-
ommend land-based exercise (walking, strength-
ening exercise, yoga, cycling, etc.), hydrotherapy, 
massage, manual therapy, heat therapy, assistive 
aids (brace, cane, wedge, insole, taping) and 
especially strong bodyweight management for 
the patient with knee OA as a non-pharmacolog-
ical methods [5]. In addition, National institute 
for Health and Care Excellence (NICE) also rec-
ommended weight loss, exercise, electrotherapy, 
using aids and devices [6]. Although there are 
no curative methods for knee OA, non-pharma-
cologic treatment for knee OA is supposed to 
reduce pain and improve joint mobility func-
tional impairment [7].

8.2  Weight Loose and OA

OA is characterized by gradual degenerative 
changes in the articular surface and is often 
involved in the weight-bearing joint [8]. 
Therefore, the weight gain stress on the knees, 
which further accelerates knee OA.  Obesity is 
associated with a three to four-fold increased 
risk of knee pain with a disability that has an 
attributable fraction estimate for raised body 
mass index (BMI) of 36% (27%–44%) [9]. Three 
to five times the body weight passes through the 
knee joint during ambulation [10]. In various 
studies about weight loss effect in overweight 
and obese patients with knee OA showed similar 
results; compared with no weight loss or under 
10% weight loss, 10% weight loss resulted in 
less pain and inflammation, better function, 
improved health-related quality of life, and 
reduced knee joint loads [11, 12]. The standard 
of care for elderly, overweight, and obese adults 
with knee OA should include, at minimum, a 
10% weight loss. Furthermore,, losing 20% 
compared with 10% of baseline body weight in 
overweight and obese adults with knee OA has 
the added benefit of significantly improved phys-
ical health-related quality of life and a 25% 
reduction in pain and improvement in function 
[13]. In the Framingham Study, a 12-lb weight 
loss reduced knee OA risk by 50% [14]. 

Christensen et  al. [15] found that rapid diet-
induced weight reductions of 10% improved 
function by 28% with 2.2% body fat reduction 
and 9.4% improvement in WOMAC (The 
Western Ontario and McMaster Universities 
Osteoarthritis Index) scores.

Although, significant weight loss in older 
adults could exacerbate bone loss and increase 
the risk of hip fracture [16]; however, obesity can 
make it worse because it increases the load on the 
lower limb bones. Despite controversies about 
weight reduction's effect on the risk of hip frac-
tures, weight loss interventions may have small 
to moderate improvements on pain and disability 
for OA compared to minimal care [17].

When considering exercise to lose weight in 
knee OA patients, the following should always be 
considered:

 1. Selection of appropriate program (composi-
tion of exercise)

 2. Frequency according to the composition of 
the exercise (time and duration)

 3. Intensity according to the composition of 
exercise (weight and amount of exercise, 
appropriate rest time)

 4. Continuous feedback with experts (whether it 
is appropriate for the patient’s characteristics 
or exercise) (Fig. 8.1)

Fig. 8.1 Consideration for weight control exercise
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8.3  Exercise for OA

8.3.1  Selection of Appropriate 
Program (Composition 
of Exercise)

One of the most important treatments in the symp-
tomatic knee OA is weight loss. Weight loss is a 
helpful treatment in terms of functional recovery 
and pain control in patients. Additionally, obesity 
increases circulating levels of tumor necrosis 
factor-α, interleukin-6, C-reactive protein, and 
other proinflammatory cytokines that may pro-
mote cartilage matrix degeneration [18]. So, the 
first goal for weight loss is to select an appropriate 
exercise program for symptom improvement in 
patients with knee OA and to identify the patient’s 
goal accurately. American College of 
Rheumatology (ACR) has published 2019 ACR/
AF guidelines for the management of knee OA 
(Table  8.1). This new guideline suggests for the 
first time that patients will be directly involved in 
disease treatment. Additionally, a remarkable new 
guideline is that exercise therapy, which can be 
used by most patients with knee OA, is a very 
important treatment for patients with knee OA, as 
its effectiveness is demonstrated through evidence 
presented through various reviewed literature.

The appropriate exercise for the patient with 
knee OA, regardless of the level of activity, 
should be individualized and patient centered, 
taking into account the patient’s age, mobility, 
functional level, comorbidity, and preferences.

In conclusion, appropriately designed exercise 
is a powerful intervention method for weight 
control, and if attention is paid to appropriate 
exercise according to the patient’s personal con-
dition, lifestyle, and background, it can bring a 
higher effect.

8.3.2  Basic Composition of Exercise 
for Weight Reduction

The basic composition of the exercise program 
consists of a warm-up period (around 10 min), an 
endurance period (20–60 min), and a cool-down 
(5–10 min).

The purpose of warm-up may reduce the sus-
ceptibility to musculoskeletal injuries by increas-
ing connective tissue extensibility, improving 
joint range of motion and function, and enhanc-
ing muscular performance [19]. Warm-up should 
start with a low-intensity exercise of 5–10 min, 
stretching exercise, or a light bare-handed exer-
cise, and it is recommended to start with an exer-
cise that can increase heart rate enough for main 
exercise [20].

The main exercise is the process of starting 
exercise in earnest, raising cardiopulmonary 
capacity and creating muscle strength, and it is a 
process of continuously exercising 20–60 min or 
more or collecting at least 10 min of exercise sev-
eral times during a day. Additionally, for the 
effect of exercise, medium-intensity exercise 
(walking speed of 5–6 km/h per hour) should be 
continued for at least 30 min, and in the case of 
high-intensity exercise (intensity of 70–90% of 

Table 8.1 Summary of 2019 American College of 
Rheumatology/Arthritis Foundation Guideline for the 
Management (non-pharmacological) of osteoarthritis of 
knee

Interventions Recommendation
Exercise (aerobic exercise, 
strengthening)

Strongly 
recommended

Balance training Recommended
Self-management program Strongly 

recommended
Yoga Recommended
Cognitive behavioral therapy Recommended
Cane Strongly 

recommended
Tibiofemoral knee braces Strongly 

recommended
Patellofemoral braces Recommended
Kinesiotaping Recommended
Modified shoes Recommended against
Lateral and medial wedged 
insoles

Recommended against

Acupuncture Recommended
Thermal intervention Recommended
Radio frequency ablation Recommended
Massage therapy Recommended against
Manual therapy with/without 
exercise

Recommended against

Pulsed vibration therapy Recommended against
Transcutaneous electrical 
nerve stimulation

Strongly 
recommended against
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the maximum heart rate), it is effective only to 
continue exercise for at least 20  min [19]. The 
most effective way to maximize the effectiveness 
of exercise that can help to recovering your 
body’s function is naturally to use large muscles 
group through the exercise that moves the body 
as active as possible [20].

Cool down is an exercise that reduces the 
intensity of the muscles that have become 
excited in stages and the intensity of the heart 
and lungs and includes exercises such as slow 
walking and yoga.

8.3.2.1  Aerobic Exercise
For weight loss that affects degenerative knee 
OA, aerobic exercise is recommended as an 
effective type of exercise suitable for individuals 
along with dietary therapy [20]. Aerobic exercise 
is a form of exercise that obtains energy required 
during exercise through aerobic energy metabo-
lism and refers to exercise that lasts for about 
5  min or more. This is one of the methods for 
synthesizing ATP (adenosine triphosphate), 
energy for muscle contraction activity, and it is 
made in the mitochondria by the complex inter-
action of the Krebs cycle and the electron trans-
port chain. Pyruvate is converted to high-energy 
molecules like NADH, GTP, and FADH2 through 
catalyzation by TCA/Krebs cycle enzymes. 
NADH generated is shuttled to complex I and is 
converted to NAD+ driving oxidative phosphory-
lation. Transfer of electrons through the chain 
maintains the membrane potential via proton 
pumping into the intermembrane space (IMS). In 
this final step, ADP is phosphorylated to form 
ATP via complex V (ATP synthase) (Fig. 8.2).

General aerobic exercise is known as effective 
management of patients with knee OA by nearly 
all international guidelines [21]. Effective aero-
bic exercises commonly used for weight loss 
include lightly outdoor exercises such as walk-
ing, running, swimming, and jumping rope, and 
indoor aerobic exercises such as treadmills, sta-
tionary bicycles, and stair steppers. Randomized 
clinical trials of walking exercise have shown 
significant short-term improvements in pain, 
functional status, and quality of life in the patient 
with knee OA [22, 23]. Among these various 

exercises, it is first necessary to consider various 
conditions such as the patient’s physical condi-
tion, temporary, or permanent dysfunction, the 
patient’s surrounding environment, and the 
patient’s goals. Most of all, what produces the 
most effective results is to do an exercise 
consistently.

However, as an absolute contraindication of 
aerobic exercise, it should not be performed if 
the resting heart rate is 100 bpm or higher, the 
systolic blood pressure is 200 mmHg or higher, 
and the diastolic blood pressure is 120 mmHg or 
higher. Especially, patients with underlying dis-
eases related to heart conditions or with signs of 
risk of heart disease should always monitor 
blood pressure and heart rate. Physicians should 
also educate patients on how to measure their 
heart rate and blood pressure. Considering the 
age of most patients, an aquatic exercise can also 
be helpful, which can reduce the force on the 
joints due to weight and the force required for 
movement. Subjective pain decreases through 
water exercise, and the sensory feeling increases 
due to the turbulence flow, pressure, and tem-
perature of the water. Additionally, the buoyancy 
of water decreases weight load and reduces joint 
compression. As a result, it helps patients com-
plaining of knee pain due to knee OA [24]. The 
use of aquatic exercise can provide positive 
physical activity and basic strength to start 
ground exercise for patients who are unable to 
exercise due to pain or knee OA.  However, it 
should not be forgotten that this improvement of 
function in the water is the beginning of allow-
ing the patient to carry out an exercise that can 
be done on the ground as soon as possible. The 
positive effect of aerobic exercise for weight 
loose include increased vital capacity, endur-
ance, muscle strength, weight loss and less exer-
tion at a given workload.

8.3.2.2  Range of Motion (ROM) 
and Anaerobic Exercise

Aerobic exercise can increase cardiorespiratory 
and aerobic exercise capacity. However, it is dif-
ficult to create an effective increase in muscle 
strength or functional capacity with aerobic exer-
cise alone. Resistance exercise (anaerobic exer-
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b

c

Fig. 8.2 Bioenergetics of the electron transport chain and 
the TCA/Krebs cycle. (a) Stage 1: The generation of a key 
two-carbon molecule, acetyl-CoA, (b) Stage 2: The oxida-

tion of acetyl-CoA in the Krebs cycle, (c) Stage 3: The pro-
cess of oxidative phosphorylation (i.e., ATP formation) in 
the electron transport chain (i.e., respiratory chain)
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cise) can help increase not only strength but also 
reduce weight [25].

According to OARSI recommendations, 
strength training refers to an exercise aimed to 
increase muscle strength, and it is known to 
reduce pain in the knee and improve the function 
of the knee joint. In particular, it is important to 
increase muscle strength by targeting various 
lower limb muscle groups, including quadriceps, 
and it is possible to increase the muscle strength 
through various types of exercise equipment or 
movements [3]. The limited mobility and adhe-
sion of soft tissues caused by inflammation of the 
joints and surrounding tissues can affect a variety 
of symptoms in knee OA patients [26]. The result 
of adhesions can lead to changes in the biome-
chanical forces on articular surfaces, restricting 
joint movement leading to another symptom like 
a limited range of motion [27, 28]. The loss in 
ROM of the knee OA is a primary factor that 
leads to muscular weakness during isokinetic 
exercise [29]. The first aim of management is to 
improve joint mobility and ROM by reducing 
soft tissue contracture and improving function. In 
athletics with knee OA, the extensibility of the 
joint capsule, hip flexor, quadriceps, hamstrings, 
gastrocnemius, and soleus muscle length is very 
important because they affect the function of the 
knee. Anaerobic exercise(resistance/strength 
exercise) also has positive effects on pain scores 
and functional outcomes in knee OA [30–32]. 
The resistance/strength exercise program should 
include resistance load, number of repetitions, 
movement speed, and session frequency. Because 
the weakness of the quadriceps muscle is highly 
correlated with knee OA and disability of the 
knee [33, 34], many of the resistance-training 
protocols have focused on quadriceps strengthen-
ing and stabilization and have shown good clini-
cal benefit. However, there are precautions before 
exercise prescription. In individuals with 
malaligned or overly loosened knees, increased 
quadriceps strength is associated with the pro-
gression of knee OA [35].

Stretching
When subjected to immobilization or inactiv-
ity, the periarticular connective tissue becomes 
fibrotic, resulting in capsular adherence, adap-
tive shortening of muscles and consequent 
limitation of ROM [36]. For this, stretching 
exercises are recommended initially. Stretching 
exercises restore limited ROM after damage to 
bones or ligaments due to OA, correct posture, 
and prevent injury to reduce associated pain. In 
addition, it can protect joint wear and increase 
flexibility, and maintain the strength of major 
joints at an appropriate level, not only for the 
elderly with OA but also for the elderly with-
out joint pain [37]. Additionally, low-intensity 
stretching exercises performed while sitting 
or lying on a mat without having to prepare a 
separate exercise place have no weight bear-
ing, no risk of falling, and are simple and easy 
to learn. Therefore, it can be applied not only 
to the elderly but also to people who are over-
weight. And it is a highly recommended exer-
cise method because you can keep exercising 
continuously because you are interested [38]. 
In addition, for those who have difficulty con-
tinuing exercise due to the burden of knee pain 
caused by standing motions for a long time, sit-
ting stretching exercises will be suitable [39]. 
Therefore, for patients with knee OA who have 
to practice continuous symptom management 
behavior for life as a chronic disease, stretch-
ing exercise can be helpful to reinforce changes 
in symptom management behavior to improve 
health and quality of life. The major muscles 
involved in the movement of the knee joint such 
as paraspinal muscle, gluteus, iliopsoas, ham-
strings, quadriceps, hip adductors and gastroc-
nemius should be stretched during exercise.

Stretching exercise consists of five methods, 
repeated three times and sustained for 30  s of 
each time. Unilateral exercises are performed 
alternately, allowing the contralateral limb to rest 
during execution. Participants must be correctly 
positioned, and the responsible physiotherapist 
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has to guide body awareness, breathing, and 
alignment throughout the therapy. After complet-
ing each exercise, relax the muscle (Fig. 8.3).

Selective Muscle Training
Several lower extremity muscle groups support 
the knee joint from own weight and gravity. The 
two main muscle groups that control the knee 
joint movement and stability are the quadriceps 
and the hamstrings. The quadriceps and ham-
string muscles have the potential to provide 
dynamic frontal plane knee stability because of 
their abduction and/or adduction moment arms 
[40]. Using a neuromuscular biomechanical 
model, the quadriceps and hamstring muscles not 
only have the potential to support frontal plane 
moments but also provide support to abduction- 
adduction moments [41].

Muscle weakness or dysfunction is involved 
in the pathogenesis of knee OA [42, 43]. Knee 
extensor and knee flexor strengths are both lost 
with the progress of symptomatic knee OA 

[44–46]. Because the lower limb musculature is 
the natural brace of the knee joint, important 
muscle dysfunction may arise from either quadri-
ceps weakness or weakness of the hamstrings 
relative to the quadriceps [42, 47]. Additionally, 
the ratio of the quadriceps to hamstring muscle 
strength is important for the stability of the knee 
and for protection from excessive stress [48, 49]. 
The strength of both quadriceps and hamstring 
muscles is associated with incident symptomatic 
knee OA but not radiographic OA [47].

For selective muscle strength training, isomet-
ric exercises are recommended initially, because 
they employ less joint motion and are less likely 
to aggravate symptoms [50]. In addition, 
 isometric exercise may be helpful to improve 
muscle tone, strength, and static endurance and 
to prepare joints for more vigorous exercise or 
activity. Isometric contractions performed at 70% 
of the maximal voluntary contraction, held for 
6  seconds and 5–10 times/day, can increase 
strength and endurance significantly. Additionally, 

Fig. 8.3 Stretching Exercise. (a) Paraspinal and gluteus 
maximus stretched by alternate limbs, (b) Paraspinal, 
hamstring, and gastrocnemius stretched by alternate 

limbs, (c) Hip adductors stretched by alternate limbs, (d) 
Glutes stretched by alternate limbs, (e) Quadriceps 
stretched by alternate limb

a

c

d

b
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Isometric contraction at more than 40% maximal 
voluntary contraction constricts blood flow 
through the contracted muscle. Figure  8.4 
Contain instructions for isometric quadriceps and 
hamstring exercise for the patient with knee OA.

For quadriceps isometric exercise, with your 
knees straight and ankle dorsiflexion, press the 
floor. And for hamstring isometric exercise, bring 
up your knee and place your heel on the ground. 
Push your heel directly down to fire those ham-
strings. So pushing down and hold and relax.

Proprioceptive Exercise (Balance Training)
Proprioception can be defined as the ability to 
recognize and to locate the body in relation to its 
position and orientation in space [51, 52]. 
Proprioception ability is essential to motor con-
trol and joint stability during daily activities and 

sports practice [53]. However, OA patients have 
decreased joint position sense [54]. Joint position 
sense plays a very important role in improving 
the induction and promotion of voluntary or 
involuntary movements by sending basic infor-
mation to the motor control areas such as balance 
and vestibular sense [55].

Therefore, it is very important to increase the 
positional sense of patients with knee OA through 
exercise to enhance the proprioceptive sense. 
These exercises improve an individual proprio-
ception feedback circle. The brain sends signals 
to either contract or relaxes the muscles. The 
joints movement response is detected by the sen-
sory nervous system and reported back to the 
brain for fine-tuning and improvement with rep-
etition of the process (Fig. 8.5).

Figure 8.6 contain instructions for a progres-
sive proprioceptive exercise for the patient with 
knee OA.

The exercise consists of three stages. Stage 1 
is static phage for progress the base of support. 
Patients maintain balance on the progressively 
unstable surface of the balance board. If the 
patient adapts to it, progress to a unilateral stance. 
Stage 2 is dynamic progress of center of gravity. 
Add arm and leg movements while balancing on 
the progressively unstable surface of the balance 
board. For an additional challenge, incorporate a 
flex bar or dumbbell(soft weight). Stage 3 is 
functional movement to perform functional 
movements(lunge, step, push, squat, pull, etc.) on 
the progressively unstable surface on balance 
board.

8.3.3  Exercise Dosing (Intensity/
Frequency of Aerobic/
Anaerobic Exercise)

8.3.3.1  Aerobic Exercise
If you have organized the type of exercise and the 
appropriate exercise program, the next step is to 
determine the intensity or frequency of the exer-
cise. The frequency and intensity of exercise 
refer to the number of exercises per week, and the 
amount of exercise required to achieve the best 
effect.

e

Fig. 8.3 (continued)
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What dose of appropriate exercise is required 
for patients with OA? There are many ways to 
determine the intensity of exercise. The first 
method is the recommended method according to 
the weight loss program guideline of the 

American College of Sports Medicine (ACSM). 
That guideline recommends an exercise 3 to 5 
times a week with a target heart rate of 70–85% 
of the patient’s maximum heart rate. This is 
known as the intensity and frequency to achieve 

a c

d

b

Fig. 8.4 Isometric exercise on quadriceps and hamstring 
with knee OA. (a) Sit position for isometric exercise on 
quadriceps, (b) Lie position for isometric exercise on 

quadriceps, (c) Sit position for isometric exercise on the 
hamstring, (d) Lie position for isometric exercise on 
hamstring

Fig. 8.5 Proprioception 
feedback circle
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a b c

d e f

Fig. 8.6 Progressive proprioceptive exercise. (a) 
Static: Progress the base of support, (b) Static: Progress 
the base of support with weight, (c) Dynamic: Progress 

of Center of Gravity, (d) Dynamic: Progress of Center 
of Gravity with weight, (e, f) Functional: Add func-
tional movement
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the ideal exercise effect in weight loss and fitness 
of OA patients for symptom relief. Patient with 
OA of lower extremity joints which are able to 
perform the moderate-to-vigorous exercise, i.e., 
70 ~ 85% of maximal heart rate for 20–60 min at 
least 3 days per week, can improve their fitness 
and health without exacerbating their joint pain 
or increasing their need for analgesic drugs [56]. 
In a study of aerobic exercise in a patient with 
knee or hip OA, patients were randomized into 
three treatment groups for a 12-week program of 
aerobic walking, aerobic pool exercise and 
nonaerobic ROM exercise. Exercise heart rate 
ranges of 60–80% of the maximum heart rate 
achieved on the baseline graded exercise test 
were assigned individually to those who partici-
pated in the aerobic exercises (walking and pool 
exercise). The aquatics and walking exercise 
groups showed significant improvement over the 
control group in aerobic capacity, 50-foot walk-
ing time, depression, anxiety, and physical activ-
ity after the 12-week exercise program [57].

A simple and traditional method for determin-
ing a patient’s desired target heart rate is:

 

max

%

heart rate 220 age The target

intensity 70 85

   −
−
( )×

( )  

Another method is Karvonen’s method [58]. 
Karvonen’s method determines the heart rate of 
exercise training (target heart rate) as follows:

 

Target heart rate Rest heart rate
heart rate Rest heart

    
  

= +
−max   rate K( )×  

Where K is the coefficient determined by a 
value ranging from 0.6 to 0.8, which is decided 
according to the experience of the physician [59]. 
Karvonen’s method is convenient, however it 
fails to take into account individuals with scat-
tered heart rate responses [60] (Table 8.2).

8.3.3.2  Anaerobic Exercise
When developing a resistance exercise program, 
you should include resistance load, number of 
repetitions, the velocity of movement and fre-
quency of sessions. Individual strength and over-
all knee evaluation must be preceded. The 
application of resistance can be applied by 
weight, free weight, machine, or band. When 
considering muscle strength, it is important to 
consider the muscles that are important for 
weight-bearing function activities, such as the 
quadriceps muscle, hip abductor muscle, hip 
extensor muscle, hamstring, and calf muscle. 
Initiation of a resistance-training program 
requires assessment of strength, full knee ROM, 
knee pain throughout ROM, and the patient’s 
knee function like WOMAC score. Studies of 
resistance generally report exercise intensity as a 
percentage of 1RM in which the exercises are 
performed. The term “repetition maximum” 
(RM) refers to the maximal number of times a 
load can be lifted before fatigue using appropri-
ate form and technique (1RM  =  the maximum 
load that can be lifted once with proper form) 
[61]. The RPE (relative perceived exertion) scale, 
another method used as the intensity of resistance 
exercise, can also be used effectively [62] 
(Table 8.3).

However, the RPE scale is the patient’s sub-
jective awareness; thus it may show a differ-
ence from the intensity felt by the patient’s 
physical condition. For example, even if the 
patient’s physical condition shows a moderate 
heart rate, there is a disadvantage in that the 
RPE scale can be high depending on the 
patient’s individual awareness. In another way, 
the general recommendations of exercise inten-
sity for the general people are known as per-
forming exercises 3 days a week, 2–3 sets per 
exercise, and 8–15 repetitions per set [26]. Farr 

Table 8.2 Calculation of target heart rate during 75% intensity exercise for 60 years old (Ex. 80 bmp resting heart rate)

Age Max heartrate Rest heartrate Target intensity(%) Target heartrate
Traditional 
method

60 220–
60 = 160

×0.75 (220–60) × 0.75 = 120

Karvonen method 60 220–
60 = 160

80 ×0.75 0.75 × [(220 – 60) - 80] + 
80 = 140
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et  al. studied at a randomized control trial of 
progressive resistance training improves over-
all physical activity levels in 171 patients with 
early OA of the knee [63]. A resistance-training 
session including a leg press, leg curl, hip 
abduction, adduction, straight leg lift, incline 
dumbbell press, seated row, and calf raise were 
performed three times a week for 1 h per day 
for 3 months. After the training (at both 3 and 
9  months), the resistance-training group com-
pared to a control group (self-management 
group) had improvement in functional status 
and symptoms on the knee OA.

High-resistance training also has been shown 
similar effects of low-resistance training. Jan 
et  al. conducted the investigation of clinical 
effects of high- and low-resistance training for 
patients with knee OA [31]. The two groups 
performed isokinetic knee flexion and exten-
sion training at high resistance (60% of 1RM) 
and low resistance (10% of 1RM) over three 
times per week. After the training, both groups 
improved compared to a control group that did 
not perform any resistance exercise. Cycling 
also has shown similar benefits. Both high- and 
low-intensity cycling show benefits, are well 
tolerated, and do not appear to increase daily 
acute pain [64].

8.3.4  Continuous Feedback 
from Experts

Feedback through experts is one of the most 
important variables affecting exercise perfor-
mance and learning ability. It plays a role in 
returning information on the results and evalua-
tion of exercise performance to the learner and is 
evaluated as one of the important strategies 
among various intervention strategies for con-
tinuing and maintaining exercise [65].

Martin et  al. found that the reinforcement 
method of providing praise and feedback on exer-
cise intensity to participants has a positive effect 
on exercise continuation, and it has been shown 
that when given individually than in a group, 
results are more effective [66]. Furthermore, previ-
ous studies have demonstrated that motor learning 
improves function with feedback compared to 
without feedback [67]. Therefore, providing feed-
back for lower extremity exercise to patients with 
knee OA is effective in correcting improper move-
ments, improving performance, and maintaining 
or developing confidence and persistence in exer-
cise for patients who cannot continue exercise due 
to the burden and fear of exercise. The timing and 
method of providing this feedback should be given 
immediately after the subject has made an effort to 
achieve the learning objectives and when teaching 
a new content or next level task for the first time. 
After the subject has completed the task, it should 
be checked immediately and given back feedback. 
In addition, even if the subject is experiencing dif-
ficulties with a given amount of exercise or exer-
cise time, it should be encouraged to seek feedback 
from health care providers [68].

In conclusion, it is difficult for an unskilled 
subject to recognize errors in his or her perfor-
mance results, and it is difficult to plan a specific 
next reaction. When specific information about 
the response result is provided by an external 
stimulus such as feedback, it can be changed into 
a technical action, so this feedback information 
corrects the learner’s incorrect behavior and 
improves performance, and continuous feedback 
corrects performance errors.

Table 8.3 Borg’s RPE (relative perceived exertion) 
scale. 1982

Rating Perceived exertion
6 No exertion
7 Extremely light
8
9 Very light

10
11 Light
12
13 Somewhat hard
14
15 Hard
16
17 Very hard
18
19 Extremely hard
20 Maximal exertion
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8.4  Pain Control (Factor 
Management)

8.4.1  Thermal therapy

Application of heat therapy has been used in the 
management of knee OA symptoms for a long 
time. Heat therapy is commonly used in physical 
rehabilitation for patients with OA to relieve pain 
[69]. Heat can be administered by a variety of 
methods, including the application of superficial 
heat (infrared), hot packs, immersion in warm 
water and paraffin bath [3]. Heat increases the 
extensibility of collagen tissue by enhancing the 
viscous flow of collagen fibers and subsequently 
relaxing the tension. Heat increases blood circu-
lation through vessel dilation, reduces nocicep-
tion and ischemia caused by muscle spasms. 
Additionally, heat stimulates the free nerve end-
ings and peripheral nerves by a gating mecha-
nism or increased secretion of endorphin. As 
such, heat is effective in controlling pain, and the 
superficial heat can elevate the temperature of the 
soft tissue 3° at a depth of 1 cm beneath the sur-
face. Especially, moist heat elevates the superfi-
cial temperature more than dry heat and is often 
preferable for reducing joint pain. However, care 
must be taken to avoid burn injury during heat 
therapy, particularly over bony prominences [70].

Despite the effectiveness of heat treatments, 
there is still much debate about the effectiveness of 
superficial heating therapy [71]. Superficial heating 
modality for symptomatic knee OA did not induce 
clinically relevant changes. These results are due to 
the inherent nature of this method, where heat 
transfer is not delivered in depth [72]. However, 
superficial heating therapy may still be beneficial 
in combination with other rehabilitative treatments. 
Cetin et al. found that hot packs combined with iso-
kinetic exercise improved physical performance 
and alleviated joint pain in patients with knee OA 
compared with only receiving isokinetic exercise 
[73] (Table 8.4).

Deep heating therapy is also effectiveness. 
Deep heating therapy, such as short-or micro-
wave diathermy or ultrasound, can affect the vis-
coelastic properties of deep joint. Especially, 
ultrasound penetrates more deeply than either 
short- or micro-wave diathermy [74]. Pain in 
patients with knee OA can be significantly 
reduced by either ultrasound and diathermy, 
especially if these are combined with an analge-
sic or an NSAID [75]. Recently study also 
reported that the application of 4-week localized 
microwave diathermy has been shown to improve 
pain and physical function in patients with symp-
tomatic knee OA, with benefits, retained over a 
12-week follow-up [76]. Deep heating therapy 
has contraindication in a patient with a local 
malignancy or bleeding diathesis [77]. 
Additionally, care must be taken if the patient has 
poor circulation or sedated, sensation impaired. 
Mechanisms of action of heat therapy are still 
under investigation. However, it is believed that 
the increases in local blood flow secondary to tis-
sue heating may convey most benefits [78].

8.4.2  Cold Therapy

Cryotherapy is used in rehabilitation to reduce 
inflammation, pain, and edema, which in turn facil-
itates improvement in mobility. Techniques for 
cryotherapy include the application of cold or ice 
packs, ice massage, or local sprays such as rapid 
cooling nitrogen gas or carbon dioxide gas. 
Superficial cooling can decrease muscle spasm and 
increase the pain threshold [79]. Vasoconstriction 
and metabolic activity, as a result of the cold appli-
cation, produce decreased local blood flow and 
help control swelling and reduce pain [80], thus 
leading to possible improvement in range of motion 
and function. The application of cold, however, 
should not be used in patients with Raynaud’s phe-
nomenon, cold hypersensitivity and cryoglobuline-
mia, or paroxysmal cold hemoglobinuria [81].

Table 8.4 Physiological change of thermotherapy

Change factor
Muscle 
spasm Nociceptor Blood flow

Metabolic 
rate

Collagen 
elasticity

Joint 
stiffness Edema

Result Decrease Decrease Increase Increase Increase Decrease Increase
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8.4.3  Electrical Stimulated Therapy 
(TENS)

One of the important objectives of OA manage-
ment is to relieve pain and to maintain or improve 
function. Various modalities in physiotherapy 
have been suggested to improve the clinical 
course of knee OA, with potentially fewer adverse 
effects than medical treatment [82]. 
Transcutaneous electrostimulation, the applica-
tion of any electrical current through the skin 
with the aim of pain modulation, is a frequently 
used modality in knee OA [83]. It is based on the 
“Gate-Control Theory” of pain perception as 
described by Melzack and Wall [84]. However, 
the value of TENS as reported in the literature is 
controversial [85].

8.5  Assistive Aids

8.5.1  Walking Assistive Devices 
(Canes, Walker)

Almost half of knee OA patients with pain and 
impaired body function use walking aids to 
improve their ability to walk. Walking aids 
include such devices as cane, crutch, walker, 
brace, and orthopedic orthosis. These aids can be 
used to substitute for impairments in range of 
motion, muscle strength, joint stability, coordina-
tion, and endurance [86]. If the patients with OA 
have a problem own low extremities, a cane or 
walker may be used for their balance. If a cane is 
used to relieve weight-bearing in a patient with 
unilateral OA, it should be placed in the contra-
lateral hand. Because the base of support on the 
uninvolved side is increased, the patient’s weight 
to be shifted toward that side. Held in the contra-
lateral hand, walking canes can decrease medial 
compartmental knee load during walking by up 
to 17% [87]. The cane should be fitted properly. 
Cane recommended length is defined by the dis-
tance from the greater trochanter or the ulnar sty-
loid process [88]. However, the use of longer 
canes is very common in the general population 
[89]. The adoption of longer canes may limit the 
individual to bear the bodyweight on this device 

due to increased elbow flexion from the ideal 
angle of 20°–30° and raised shoulder [90]. 
According to a study of the relationship between 
pain and cane, use of a cane for 8 weeks by 21 
obese or overweight patients with painful knee 
OA was found to produce an immediate lateral 
shift in the vertical forces through the knee 
which, was then maintained when walking with-
out cane. Peak vertical force across the knee 
decreased 12%, and the center of pressure in the 
painful extremity was shifted laterally in 22% if 
frequent cane users. Half of those who used the 
cane>4 days per week reported a decrease in pain 
by 20% or more [91]. Based on these data, cane 
is a non-pharmacological treatment option that 
can improve symptoms and function for the 
patient with knee OA.

8.5.2  Knee Brace

Knee braces are commonly used for knee OA, 
and the AAOS recommends bracing for biome-
chanical stability in knee OA [92]. Knee OA with 
malalignment can cause significant pain and dys-
function, and knee braces have been shown to 
help with stability and function in such cases [93, 
94]. In the case of knee OA with severe varus 
deformity, the use of a specially designed valgus 
brace can reduce joint pain and improve knee 
function and quality of life [95]. Because the 
brace creates valgus thrust, it reduces the load on 
the medial tibiofemoral compartment. Kirkley 
et  al. performed a randomized controlled trial 
comparing unloader braces and neoprene sleeves 
to a control group [96].

There were significant differences in pain 
after the 6-min walk test and 30-s stair-climbing 
test with the unloader brace when compared to 
neoprene sleeves at 6 months. When comparing 
braced to unbraced patients, there were signifi-
cant differences in WOMAC function scores. 
Chughtai et  al. randomized 36 patients with 
Kellgren-Lawrence grades 3–4 knee OA to 
receive either a pneumatic unloader brace with 
conventional treatment or just conventional treat-
ment. At a follow-up of one year, there were sig-
nificantly fewer patients who received injections 
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and less subsequent TKAs in the brace group 
[97]. Consequently, braces help knee OA patients 
achieve marked improvements in pain, function, 
and may prolong their time to a TKA.

8.5.3  Wedged Insoles

About the importance of biomechanical factors 
in the pathogenesis of OA, many experts have 
shown interest in biomechanical approaches to 
the treatment of knee OA, which reduce joint 
loading and correct malalignment. The load on 
the knee in patients with varus OA is almost ten 
times higher in the medial compartment than in 
the lateral compartment. This increased load is a 
result of the high load on the inner compartment 
in static and dynamic gait activities, and approxi-
mately 60–80% of the load across the knee is 
transferred to the medial compartment [98]. As a 
result, when the medial compartment of the knee 
joint is narrowed, the articular cartilage degener-
ates, the outer soft tissues become loose, and the 
mechanical body alignment moves in the inward 
direction. Because the length of the moment arm 
at the knee joint for ground repulsion was 
increased, the affected side of patients with varus 
knee OA produced higher endogenous torque 
than the non-affected side, so the treatment 
approach also focused on reducing the moment 
arm which can ultimately reduce the load on the 
joints [99]. One of the ways to reduce the moment 
arm that can reduce the load on the joint is high 
tibial osteotomy (HTO). HTO, which plays a role 
in the realignment of the knee joint, has been suc-
cessfully applied to patients with medial com-
partment knee OA [100]. The other way is 
wedged insole. In various studies, they have 
found that lateral wedge insoles improve pain 
and walking ability. Toda et  al. reported a 
decrease in pain among patients who used a lat-
eral wedge insole in a controlled [101], and in 
Sasaki’s study, the insole group showed signifi-
cantly greater improvement of pain and walking 
ability [102]. When walking with the lateral 
wedge footrest, the weight of the foot is transmit-
ted from the outside of the foot in the initial 
stance phase, and the pronation occurring in the 

subtalar joint produces the valgus of the calca-
neus and the medial rotational force of the tibia. 
At this time, valgus torque occurs in the ankle 
joint, and large valgus torque is generated mainly 
in the stance phase [103]. In other words, when 
wedged insole is used, it has the effect of erecting 
the talus vertically in the direction of the tibia by 
transforming the spatial position of the lower 
extremities during the initial stance phase [104]. 
Therefore, by reducing the force applied to the 
medial compartment and lateral collateral liga-
ments of the knee joint and the iliotibial band, it 
reduces not only the force acting on the medial 
compartment about 16% of body weight, but also 
pain [105].

8.5.4  Taping

The abnormal position of the patella is one of the 
most dangerous causes of structural deterioration 
of the knee joint, and it causes structural and 
functional loss of the joint [106]. It is estimated 
that abnormal alignment on the lateral joint sur-
face of the patella is the main cause of pain [107], 
and changes in the contact surface of the patella 
or changes in muscle strength of the quadriceps 
muscle increase the compression force on the lat-
eral joint surface of the patella, thus affecting 
degenerative knee OA [108]. If patellofemoral 
joint malalignment occurs, the contact surface 
between the patella and femoral trochlea is 
reduced, and the pressure of the patella-femoral 
joint is increased. Therefore, in patients with 
knee OA, it is very important to correct the posi-
tion of the patella in the knee joint of patients 
with knee OA.  Warden et  al. conducted that a 
systematic review and meta-analysis of patellar 
taping and bracing for treatment of chronic knee 
pain [109]. In this study, the medial-directed tap-
ing group significantly reduced pain compared to 
the non-tapping group. A common problem 
among patients with patella-femoral pain is a 
weakness of the quadriceps muscle. Therefore 
taping can change the length of the VMO (Vastus 
Medialis Oblique) to activate the VMO and 
induce alignment of the patella, thereby increas-
ing the strength of the quadriceps muscle [110]. 
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The method of applying taping has the advan-
tages of easy treatment and non-expensive. 
Additionally, patients can learn to apply their 
own tape after minimal instruction.

8.6  Summary

Knee OA represents a collection of structural 
changes that lead to pain and knee dysfunction 
due to various causes. Therefore, it is most 
important to devise various intervention strate-
gies to improve the patient’s symptoms, such as 
reduced muscle strength and range of motion, 
balance, pain, etc., which can reduce the quality 
of life, and physical ability and functional status. 
In conclusion, for the treatment of knee OA, 
healthcare providers should help patients recover 
symptoms and functions by selecting various 
knowledge and appropriate management meth-
ods such as education, weight loss, exercise ther-
apy, physical therapy, etc.
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Pharmacologic Treatment

Ki-Bong Park

Abstract

Osteoarthritis (OA) of the knee is one of the 
common diseases found in the outpatient 
clinic, and patients with OA of the knee 
mainly complain of pain and dysfunction. 
Non-operative treatment options include life-
style correction and physical therapy, as well 
as pharmacologic treatment consisting of topi-
cal, oral, and injection treatments. In order to 
select the appropriate pharmacologic treat-
ment modality for patients with OA of the 
knee, a comprehensive understanding of the 
classification, mechanism of action, effects, 
and side effects of each drug is required. In 
addition, it is necessary to check the underly-
ing disease, age, and weight of each patient. In 
this chapter, we will look at the contents of the 
pharmacologic treatment for OA of the knee. 
In particular, the characteristics of drug 
according to classification, recent interna-
tional guidelines for pharmacologic treatment, 
and patient characteristics to be considered 
when selecting a drug are addressed. The 
recent international guidelines for the pharma-
cologic treatment of OA can help us identify 
expert opinions on the various treatment 

options. An individual approach to the patients 
is most beneficial in patients with knee OA 
and the treatment plan should be based on this 
principle. Selection of pharmacologic treat-
ment according to the individual characteris-
tics of patients was introduced according to 
the items of obesity, post-traumatic OA, and 
status with just waiting for arthroplasty in 
young patients. In addition, the individual 
characteristics of elderly patients were also 
introduced according to the items of hyperten-
sion, gastrointestinal ulcer, anticoagulation 
therapy, impaired renal function, and advanced 
age over 75 years of age.

Keywords

Knee · Osteoarthritis · Pharmacologic 
management · Drug characteristics  
International guideline · Patient 
characteristics

Knee osteoarthritis (OA) is one of the most com-
mon musculoskeletal diseases. It frequently 
induces intense pain and functional impairment. 
To date, there is no definitive treatment able to 
slow down the structural progression. Only the 
symptomatic part of knee OA is accessible to 
treatment [1]. Non-operative treatments are usu-
ally the first choice for the management of knee 
OA, especially in the early phase when no clear 
lesions or combined abnormalities need to be 
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addressed surgically [2]. Non-operative treat-
ment options were categorized as three groups: 
non-pharmacological treatment, pharmaco-
logic treatment including dietary supplements, 
and injection treatment. Pharmacologic treat-
ment modalities may be categorized as either 
symptom- or structure-modifying. Symptom- 
modifying drugs alleviate pain, reduce stiff-
ness, improve mobility, and enhance patient’s 
well- being. Analgesics (including opioids and 
acetaminophen), non-steroidal anti-inflamma-
tory drugs (NSAIDs), cyclooxygenase-2 (COX-
2) inhibitors, and corticosteroids comprise this 
category. Structure-modifying drugs, which are 
still under development, may arrest or slow the 
progression of OA and/or enhance the reparative 
processes of the disease.

9.1  Type of Drugs for OA 
Treatment

The categories of pharmacologic treatment 
modalities for OA can be summarized as 
Table 9.1.

Symptomatic drugs are usually divided into 
drugs with a rapid onset of action (Symptomatic 
Rapid Acting Drugs for OA, SYRADOA) and 
with a slow onset of action (Symptomatic Slow 
Acting Drugs for OA, SYSADOA). SYRADOA 
included NSAIDs, paracetamol or other anal-
gesics, opioids, and corticosteroids. SYSADOA 
included glucosamine and chondroitin sulfate. 
And, drugs with potential beneficial effect on 
the joint structure (Disease-Modifying OA 
Drugs, DMOADs) may be developed in the 
future.

9.1.1  Topical Agents

9.1.1.1  Topical Capsaicin
Capsaicin, the active component of chili peppers, 
is used as an analgesic in topical ointments to 
relieve pain. It caused an initial excitation of the 
neurons and a period of enhanced sensitivity. 
After repeated applications, a refractory period 
with reduced sensitivity is followed by persistent 
desensitization, possibly due to depletion of sub-
stance P [3].

In a systematic review, Mason L et  al. con-
cluded that for every 8 patients with musculo-
skeletal pain using capsaicin 0.025% for 4 weeks, 
one additional patient would benefit. However, 
around one third of patients experienced local 
adverse events with capsaicin, which would not 
have been the patient with placebo [3].

Kosuwon W et  al. evaluated the efficacy of 
0.0125% capsaicin gel compared to a placebo in 
patients with mild to moderate knee OA.  They 
reported that the respective mean difference of 
visual analog scale (VAS) and total Western 
Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) score in the capsaicin group vs. 
the placebo group was statistically significant, 
and the burning sensation—the only adverse 
event—reported by patients in the capsaicin 
group, was less disturbing than in previous stud-
ies. Therefore, they concluded that 0.0125% cap-
saicin gel was an effective treatment in mild to 
moderate knee OA [4].

9.1.1.2  Topical NSAIDS
NSAIDs can be divided into topical NSAIDs 
applied to the skin and oral NSAIDs taken orally, 
and oral NSAIDs will be discussed in detail in 
Sect. 9.1.2.2.

Topical NSAIDs have been shown to provide 
analgesia through the same mechanism of action 
as oral NSAIDs, but because the activity of topi-
cal NSAIDs is effectively confined to the applica-
tion site, systemic exposure—and consequently, 
the risk for gastrointestinal (GI), cardiovascular 
(CV), and renal toxicity—has been shown to be 
much lower than that observed with oral NSAIDs 
[5]. Therefore, topical NSAIDs are recommended 
in international and national guidelines as an 

Table 9.1 Classification of pharmacological treatment of 
osteoarthritis

Categories Effects
Symptom- 
modifying agents

On symptoms (pain, functional 
disability)
• Rapid onset of action
• Slow onset of action

Structure- 
modifying agents

On the progression of the 
pathological changes in 
osteoarthritis
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early treatment option for the symptomatic man-
agement of knee OA and may be used ahead of 
oral NSAIDs due to their superior safety profile 
about CV and GI adverse events and renal 
toxicity.

Tugwell PS et al. compared the safety and effi-
cacy of a topical diclofenac solution and oral 
diclofenac in relieving the symptoms of knee 
OA, in a randomized, double-blind trial. They 
reported that topical diclofenac solution pro-
duced relief of symptoms equivalent to oral 
diclofenac, with minor local skin irritation, but 
significantly reduced incidence of diclofenac- 
related GI adverse events and abnormal labora-
tory values [6]. Simon LS et  al. conducted 
double-blind, randomized controlled trial of topi-
cal diclofenac in a vehicle solution containing 
dimethyl sulfoxide in patients with knee OA [7]. 
They reported that topical diclofenac was supe-
rior to placebo for pain, physical function, overall 
health, and Patient Global Assessment (PGA) 
and fewer digestive system and laboratory abnor-
malities were observed with topical diclofenac 
than with oral diclofenac. They concluded that 
topical diclofenac in a vehicle solution contain-
ing dimethyl sulfoxide is an effective treatment 
option for knee OA with efficacy similar to, but 
tolerability better than oral diclofenac. Rother M 
et  al. compared topical ketoprofen and oral 
 celecoxib and placebo for relief of signs and 
symptoms in knee OA and reported that topical 
ketoprofen is superior to placebo and comparable 
with celecoxib in relieving pain associated with 
an acute flare of OA [8].

9.1.1.3  Relative Efficacy of Topical 
Capsaicin and NSAIDs

In a recent network meta-analysis, Persson MSM 
et  al. included 17 randomized controlled trials 
and compared the efficacy of topical capsaicin 
with topical NSAIDs for pain relief in OA. They 
concluded that topical capsaicin and NSAIDs in 
licensed doses may be equally effective for pain 
relief in OA. However, there were no significant 
differences in pain relief between topical capsa-
icin and NSAIDs (overall: effect size (ES) 0.04, 
95% confidence interval (CI) -0.26 to 0.33; as 
licensed: ES -0.09, 95% CI -0.34 to 0.16) [9].

9.1.2  Symptomatic Rapid Acting 
Drugs of Osteoarthritis

Analgesics such as acetaminophen, NSAIDs, and 
opioids are the main pharmacologic treatment 
options for OA.

9.1.2.1  Acetaminophen
Acetaminophen (paracetamol) is widely used as 
the first-line analgesic for OA, is available over 
the counter, and is safe for most people to take. 
Acetaminophen is usually preferred to NSAIDs 
because of its better harms profile, especially in 
people at risk of GI bleeding.

Case JP et al. had a randomized, double-blind, 
placebo-controlled trial of diclofenac sodium and 
acetaminophen in patients with knee OA [10]. 
They reported that at 2 and 12 weeks, clinically 
and statistically significant improvements were 
seen in the diclofenac-treated group; however, no 
significant improvements were seen in the 
acetaminophen- treated group. This study con-
cluded that diclofenac is effective in the symp-
tomatic treatment of OA of the knee, but 
acetaminophen is not.

In a recent Cochrane review, Leopoldino 
AO et  al. compared the effectiveness of 
paracetamol and placebo in the patients with 
knee OA [11]. They searched seven scientific 
databases for relevant studies, including ran-
domized controlled trials of participants with 
knee OA irrespective of the intensity or dura-
tion of symptoms. The main outcomes were 
pain intensity, physical function, quality of 
life, adverse events, serious adverse events, 
withdrawal because of adverse events and 
liver toxicity. They reported that paracetamol 
provides only minimal improvements in pain 
and function for people with knee OA, with 
no increased risk of adverse events overall. 
Current clinical guidelines consistently rec-
ommend paracetamol as the first-line analge-
sic medication for hip or knee OA, given its 
low absolute frequency of substantive harm. 
However, they are less certain if paracetamol 
use increases the risk of serious adverse events, 
withdrawals due to adverse events, and rate of 
abnormal liver function tests.
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9.1.2.2  Oral NSAIDs
Oral NSAIDs are drugs commonly used for pain 
relief, anti-inflammatory, and antipyretic. 
NSAIDs work by inhibiting the COX isoforms 
COX-1 and COX-2, thereby reducing levels of 
prostaglandins and other products, such as throm-
boxane. COX-1 is constitutively expressed in a 
variety of tissues. Its products have many func-
tions, including platelet aggregation and gastric 
mucosal protection. COX-2 is endogenous only 
in the brain, and thus other tissues have to induce 
it through inflammation. COX-2 overexpression 
is likely induced by pro-inflammatory cytokines 
such as IL-1β and tumor necrosis factor (TNF)-α, 
and thus COX-2 may be more representative of 
an inflammatory response.

NSAIDs reduce the synthesis of prostaglandin 
(PG) from arachidonic acid by inhibiting 
COX. PG is changed back to thromboxane, pros-
tacyclin, etc. to promote vasodilation and platelet 
aggregation, and NSAIDs inhibit it, thereby 
showing various clinical usefulness such as anti-
pyretic, analgesic, anti-inflammatory effects, 
blood vessel control, and platelet function control 
(Fig. 9.1).

The main types of NSAIDs include: high-dose 
aspirin, ibuprofen, naproxen, diclofenac, cele-
coxib, etoricoxib, and indomethacin.

Since aspirin was first sold in 1899, NSAIDs 
are the most commonly prescribed drugs in the 
world. Some NSAIDs can be purchased at phar-
macies without a separate prescription from a 
doctor and are widely used in daily life in various 
dosage forms such as oral drugs, injections, and 
external preparations.

Side effects of GI bleeding and gastric ulcer 
were first reported, and then various side effects 
have been reported in the CV system, renal uri-
nary system, and hematology system. And, con-
cerns about the safety of NSAIDs have increased 
since rofecoxib withdrew the product license in 
2004. Merck & Co. announced a voluntary with-
drawal of rofecoxib (Vioxx®) from the market 
because Adenomatous Polyp Prevention on 
VIOXX trial (APPROVe) study showed an unex-
pected high incidence of CV event. The trial 
found an incidence of adverse thromboembolic 
events in patients taking rofecoxib 25  mg/day 

that was 3.9 times greater than the incidence in 
those taking a placebo. After that, the relation-
ship between COX-2 inhibitors and their CV 
adverse effects is an area of growing concern 
[12]. Currently, there are two COX-2 inhibitors 
(celecoxib and  valdecoxib) approved for use by 
US FDA and another (etoricoxib) approved by 
the European Regulatory Authority.

A review of the use of NSAIDs for knee OA 
selected 16 double-blind randomized controlled 
trials [13]. Significant design flaws in individual 
studies made it impossible to distinguish a differ-
ence between equivalent recommended doses of 
NSAIDs. Instead, the authors recommended that 
NSAID selection should be based on physician 
preference, patient acceptability, safety, and 
efficacy.

9.1.2.3  Opioids
Opioids are considered as powerful pain relief 
substances that are used for cancer pain or OA 
pain. Opioids include codeine, hydromorphone, 
oxycodone, morphine, and others. They can be 
taken in oral, injectable, or patch form [14].

Among OA patients who fail to respond ade-
quately to pharmacologic modalities, including oral 
NSAIDs, the European Society for Clinical and 
Economic Aspects of Osteoporosis, Osteoarthritis 
and Musculoskeletal Diseases (ESCEO) algorithm 
recommends the short-term use of weak opioids, 
such as tramadol, as one of the last pharmacological 
treatments [15]. Opioids should be reserved only 
for situations where non- opioid treatments are con-
traindicated, such as advanced kidney disease or 
prior GI bleed or CV history.

The prevalence of opioid use was 40% in the 
US patients with knee OA and nearly a third of 
Canadian pre-surgical patients with end-stage 
knee OA [16, 17]. In southern Sweden, every 
fourth patient with knee or hip OA has opioids 
dispensed over a 1-year period, and 12% of inci-
dent opioid dispensations are attributable to OA 
and/or its related comorbidities [18]. In Korea, 
12.2% of knee OA patients were treated with opi-
oids as an early treatment, and tramadol was used 
more commonly than stronger opioids [19].

Tramadol is a centrally acting analgesic with 
opioid agonist properties that acts on the neuro-
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transmission of serotonin and norepinephrine. 
In addition, tramadol modifies the transmission 
of pain impulses by inhibition of monoamine 
reuptake. Tramadol rarely causes the adverse 
events of respiratory depression and physical 
dependence commonly associated with conven-
tional opioid drugs, since its analgesic effects 
are through both weak opioid and non-opioid 
mechanisms [20]. Tramadol is not attributed 
with the GI and CV adverse events associated 
with NSAIDs [21]. Sustained release (SR) for-
mulations of tramadol may improve tramadol 
tolerability and reduce the incidence of adverse 
events [22]. SR formulations are associated 

with prolonged effective plasma levels of tra-
madol, while preventing the high plasma peaks 
associated with adverse events seen with the 
immediate-release formulations [22, 23]. Zeng 
C et al. compared mortality within 1 year after 
initial tramadol prescription with 5 other pain 
relief medications (naproxen, diclofenac, cele-
coxib, etoricoxib, or codeine) among patients 
aged 50  years and older with OA [24]. They 
revealed that initial prescription of tramadol 
was associated with a significantly higher rate 
of mortality over 1 year of follow-up compared 
with commonly prescribed NSAIDs, but not 
compared with codeine.

Fig. 9.1 Pathway of prostanoid formation and illustration of functions. NSAIDs non-steroidal anti-inflammatory drugs, 
COX cyclooxygenase
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Opioids can help relieve severe pain of knee 
OA, but the use of opioids may be impeded by 
non-serious adverse events, predominantly 
drowsiness, nausea, and constipation. In addi-
tion, they carry a well-established risk of respira-
tory depression, dependence, and have the 
potential for abuse. Not only is the potential for 
adverse effects and abuse concerning, but also 
recent evidence suggests that preoperative use of 
opioids is associated with worse postoperative 
outcomes [25].

A recent Cochrane systematic review showed 
that opioids yielded a small clinical benefit, but 
with a high risk of side effects, including opioid 
dependence in patients with knee OA [14, 26]. 
Smith SR et  al. summarized the comparative 
effectiveness of oral NSAIDs and opioids in 
reducing knee OA pain and reported that NSAIDs 
and opioids offer similar pain relief in OA 
patients [27]. In the study about initial analgesic 
prescriptions for OA conducted in the United 
Kingdom, Zeng C et al. reported that oral/trans-
dermal opioid prescription was higher among the 
elderly (≥65  years), women, obesity, current 
smoker, and patients with GI, CV, or chronic kid-
ney disease [28].

9.1.2.4  Corticosteroids
Corticosteroids, also called steroids, are used for 
symptom improvement in knee OA, with several 
studies confirming the efficacy of intra-articular 
injection [29]. Glucocorticoids have a role in 
managing inflammatory arthritis, because of their 
anti-inflammatory and immunosuppressive func-
tions. Additionally, oral corticosteroids may have 
analgesic efficacy.

Abou-Raya A et al. investigated the efficacy 
of daily low-dose oral prednisolone in patients 
with moderate to severe knee OA [30]. Patients 
were randomized as intervention group received 
7.5 mg/day of prednisolone and control group 
received placebo for 6  weeks. Prednisolone 
group showed clinical relevant reduction for 
knee pain, physical function, patient global 
assessment, and 6-min walk distance at 
6 weeks. Steroids do not tend to cause signifi-
cant adverse events if they are taken for a short 
term at a low dose. However, Apostu D et  al. 

represented corticosteroids are one of the cur-
rently available systemic drugs that impair car-
tilage healing [31].

9.1.3  Symptomatic Slow Acting 
Drugs for Osteoarthritis

Compounds in symptomatic slow acting drugs 
for OA (SYSADOA) class include glucosamine, 
chondroitin sulfate, avocado/soybean unsaponifi-
ables (ASU), and diacerein [32]. Use of 
SYSADOA is characterized by both a delay in 
improvement of symptoms and a carryover effect 
of that improvement. The current evidence sug-
gests that chondroitin falls into the symptom- 
modifying category, and glucosamine and 
diacerein into the structure-modifying category. 
One of the main proposed advantages of these 
medications over traditional medical therapies is 
their safety profile [33].

9.1.3.1  Glucosamine
Glucosamine hydrochloride (GHCl) is a simple 
molecule obtained by extraction processes and 
used as a nutraceutical or over-the-counter prod-
uct. Conversely, glucosamine sulfate is a more 
complex molecule, which can be obtained only 
by a proprietary semi-synthetic route and stabili-
zation process and that is found only in the pre-
scription drug product, i.e. prescription crystalline 
glucosamine sulfate (pCGS) [34, 35]. Only pCGS 
is shown to deliver consistently high glucosamine 
bioavailability and plasma concentration in 
humans, which corresponds to demonstrated 
clinical efficacy.

Glucosamine sulfate can supplement the carti-
lage matrix, delay the cartilage degradation, and 
promote the synthesis of proteoglycan in chon-
drocytes, which is a nutritional drug for cartilage 
[36]. Glucosamine sulfate is able to alleviate the 
symptoms of pain, delay and alter the pathologi-
cal process of OA, specifically supply the carti-
lage matrix in articular cartilage, and restore the 
normal metabolism. Thus, it is an effective drug 
that can block the vicious circle of OA and pro-
mote the cartilage repair. As a specific inhibitor 
of COX-2 and an NSAID, etoricoxib has analge-
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sic, anti-inflammatory, and antipyretic effects 
[37], which has been widely used to relieve pain, 
reduce morning stiffness, and improve the joint 
function of OA patients.

9.1.3.2  Chondroitin Sulfate
Chondroitin sulfate belongs to the group of gly-
cosaminoglycans and is a major component of 
articular cartilage. The effect of chondroitin sul-
fate is possibly the result of the stimulation of the 
synthesis of proteoglycans and the decrease in 
catabolic activity of chondrocytes by inhibiting 
the synthesis of proteolytic enzymes and other 
factors that contribute to cartilage matrix damage 
and cause the death of these cells. Chondroitin 
sulfate was also shown to exert anti-inflammatory 
activity. In addition, it acts on osteoarthritic sub-
chondral bone osteoblasts by modulating the 
osteoprotegerin/receptor activator of NF-kappaB 
ligand ratio in favor of reduced bone resorption. 
It is noteworthy to mention that a head-to-head 
comparison of the effects of chondroitin sulfate 
of different origins and levels of purity on human 
osteoarthritic cartilage revealed the existence of a 
disparity in effects [38].

In a recent Cochrane review, Singh JA et al. 
revealed that chondroitin (alone or in combina-
tion with glucosamine) was better than placebo 
in improving pain in participants with OA in 
short- term studies and chondroitin had a lower 
risk of serious adverse events compared with 
control [33].

9.1.3.3  Avocado Soybean 
Unsaponifiables

Essentially, ‘avocado soybean unsaponifiables 
(ASU)’ are the fraction of avocado and soybean 
oil which, after hydrolysis, is not producing soap 
[39]. ASU has been shown in vitro to inhibit the 
pro-inflammatory cytokines interleukin-1 (IL-1), 
IL-6, IL-8, and MMPs. It has likewise demon-
strated anabolic ability by stimulating chondro-
cyte collagen synthesis in  vitro. A recent 
investigation showed that ASU stimulated aggre-
can production and restored aggrecan production 
after IL-1β treatment. In addition, ASU decreased 
MMP-3 production and stimulated TIMP pro-
duction [40, 41].

A systematic review, which included 4 ran-
domized, placebo-controlled, double-blind trials 
of ASU, reported that 3 trials suggested efficacy 
of ASU for improving the symptoms of OA [39]. 
Another systematic review and meta-analysis 
from RCT examined the efficacy and safety of 
ASU in patients with hip or knee OA. This meta- 
analysis suggests a beneficial effect of ASU treat-
ment in symptomatic knee OA but not in hip 
OA. Additionally, adverse events were similar in 
patients receiving ASU or placebo [42].

9.1.3.4  Diacerein
Diacerein is a drug with IL-1 inhibitory activity 
and is known as SYSADOA with anti- 
inflammatory, anti-catabolic, and pro-anabolic 
properties on cartilage and synovial membrane. It 
has also recently been shown to have protective 
effects against subchondral bone remodeling [43].

Pelletier JP et  al. conducted a randomized, 
double-blind, placebo-controlled trial to evaluate 
the efficacy and safety of diacerein in patients 
with knee OA [44]. This study reported that 
100 mg/day diacerein was significantly superior 
to placebo using VAS assessment of pain on 
movement as the primary criterion and the 
WOMAC score, the WOMAC sub-scores, and 
the VAS assessment of handicap as the second 
criteria. They concluded that diacerein was 
shown to be an effective treatment for symptoms 
in patients with knee OA.

European Society for Clinical and Economic 
Aspects of Osteoporosis and Osteoarthritis 
(ESCEO) constituted a panel of 11 experts to bet-
ter define the real place of diacerein in the arma-
mentarium for treating OA. Based on a literature 
review of clinical trials and meta-analyses, the 
ESCEO confirms that the efficacy of diacerein is 
similar to that of NSAIDs after the first month of 
treatment and superior to that of paracetamol. 
Additionally, diacerein has shown a prolonged 
effect on symptoms of several months once treat-
ment was stopped [43].

An international, multicenter, double-blind, 
randomized study investigated whether diacerein 
has comparable efficacy with celecoxib in pain 
reduction for treatment in symptomatic knee OA 
patients. In this study, patients were randomized 
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to 6  months of treatment with diacerein 50  mg 
once daily for 1 month and twice daily thereafter, 
or celecoxib 200  mg once daily. This study 
showed that in the per protocol population, the 
adjusted mean change from baseline in the 
WOMAC pain score was −11.1 with diacerein 
and −11.8 with celecoxib and the intergroup dif-
ference was 0.7 (95% CI: −1.8, 3.2; P = 0.597), 
meeting the non-inferiority margin. Therefore, 
this study concluded that diacerein was non- 
inferior to celecoxib in reducing knee OA pain 
and improving physical function [45].

9.1.3.5  Safety of SYSADOAs
A comprehensive meta-analysis of randomized 
placebo-controlled trials was performed to assess 
the safety of SYSADOAs [46]. This meta- 
analysis did not identify any safety issue associ-
ated with glucosamine sulfate, chondroitin 
sulfate, and avocado soybean unsaponifiables. 
Diacerein is associated with significantly more 
adverse events than placebo, particularly regard-
ing the GI and renal and urinary systems. 
Therefore, the usefulness of diacerein should be 
considered, taking into account its benefit:risk 
profile according to individual patient 
characteristics.

9.1.4  Disease-Modifying 
Osteoarthritis Drugs

OA therapy has evolved in the past few decades 
from symptomatic treatment to possible disease- 
modifying solutions. Ideal disease-modifying 
osteoarthritis drugs (DMOADs) have chondro-
protective, anti-inflammatory, and analgesic 
effects. Although a number of potential DMOADs 
have been investigated for OA, no pharmacologi-
cal agent has yet been approved by regulatory 
agencies as a DMOAD [47, 48]. However, 
DMOADs are one of the emerging therapeutic 
agents that address patients with difficult-to-treat 
OA as well as the possibility of altering progres-
sion of disease. Although there may not yet be 
DMOADs, there have been several trials reported 
over the past year [49]. There certainly is a medi-
cal need for academia and the pharmaceutical 

industry to develop drugs that have cartilage- 
regenerating properties and that translate into 
changes of structure of joints and improvement 
of symptoms for patients affected by OA [50]. 
Regulatory agencies require that the drug has to 
show changes in joint space width on X-ray and 
improvement in symptoms in large phase 3 trials 
before a DMOAD can obtain marketing authori-
zation [51].

9.1.4.1  REG-O3 Chimeric Peptide 
Combining Growth Hormone 
and Somatostatin Sequences

REG-O3 is a 24-amino acid chimeric peptide 
combining a sequence derived from growth hor-
mone and an analog of somatostatin, molecules 
displaying cartilage repair and anti-inflammatory 
properties, respectively. This study showed REG- 
O3 was able to significantly improve weight 
bearing as efficiently as dexamethasone and 
hyaluronic acid. REG-O3 (25 μg) was also able 
to significantly decrease OARSI histological 
global score as well as degeneration of both car-
tilage and matrix while the other treatments did 
not. The authors provided evidence of a remark-
able protecting effect of REG-O3 on pain/knee 
joint function and cartilage/matrix degradation in 
ACLT/pMMx model of rat OA.  REG-O3 thus 
displays an interesting profile as a DMOAD [52].

9.1.4.2  Neural EGFL Like 1 (NELL-1)
Li C et al. demonstrated that neural EGFL-like 1 
(NELL-1) has an anti-inflammatory role to pro-
tect articular cartilage from aggravated OA pro-
gression and pro-chondrogenic effects by using a 
loss- of-function Nell-1+/6R mouse model [53]. 
They concluded that NELL-1 is a promising pro- 
chondrogenic, anti-inflammatory dual-functional 
DMOADs candidate for preventing and sup-
pressing arthritis-related cartilage damage.

9.1.4.3  Duloxetine
Duloxetine is the most studied of this class of 
DMOADs with regard to treatment of pain asso-
ciated with OA.  Duloxetine is a balanced and 
potent reuptake inhibitor of serotonin (5-HT) and 
norepinephrine (NE). Aside from its indications 
in major depressive disorders and generalized 
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anxiety disorders, it has been approved for treat-
ment of diabetic peripheral neuropathic pain, 
fibromyalgia, and chronic low back pain.

Although OA pain has traditionally been con-
sidered as peripheral/nociceptive pain that results 
from inflammation or mechanical damage in 
peripheral tissues, emerging evidence suggests 
that central sensitization is also an important 
mechanism underlying OA pain. Central sensiti-
zation involves the impaired activity of descend-
ing inhibitory pathway. 5-HT and NE are key 
neurotransmitters in the descending inhibitory 
pathway and thus involved in pain modulation 
[54]. The chronic pain experienced by individu-
als with OA has been partially attributed to a bio-
logical process called central sensitization, which 
may be driven by painful stimuli that originate 
from damaged bone and joint tissue [55]. Central 
sensitization has been observed both in animal 
and human models of OA [56–58].

The initial placebo-controlled trial study by 
Chappel et al. and the second study by Chappel 
et al. revealed that the duloxetine group showing 
a significant improvement compared with the 
placebo group in average pain score, WOMAC 
scores, and Patient Global Impression of Severity 
index [59, 60]. These two 13-week studies led to 
the approval by the FDA of duloxetine for the 
treatment of chronic knee pain due to OA.

Given its utility in managing central and neu-
ropathic pain syndromes, there have been three 
large placebo-controlled, randomized clinical tri-
als assessing duloxetine as treatment for symp-
tomatic knee OA. Enteshari-Moghaddam A et al. 
reported that both gabapentin and duloxetine 
have similar and acceptable effects in pain reduc-
tion and improvement of functional status in 
patients with knee OA [61]. Cehn L et al. reported 
that duloxetine is effective in the management of 
chronic pain and loss of physical function in knee 
OA with acceptable adverse events despite hav-
ing no advantage in treating joint stiffness [62]. 
Randomized, placebo-controlled trial assessed 
the efficacy of duloxetine in patients with pain 
due to knee OA and showed pain reduction was 
significantly greater with duloxetine compared 
with placebo at 14  weeks. In patients with ≥3 
painful sites, pain reduction was significantly 

greater with duloxetine. These results suggest 
that duloxetine may be an effective choice of 
analgesic for patients with knee OA [63].

In randomized, double-blind, placebo- 
controlled trial, Chappell AS et al. evaluated the 
efficacy and safety of duloxetine in the treatment 
of chronic pain due to OA of the knee [60]. 
Patients treated with duloxetine had significantly 
greater improvement at all-time points on Brief 
Pain Inventory (BPI) average pain and had sig-
nificantly greater improvement on BPI pain 
severity ratings, WOMAC total and physical 
functioning scores, and Clinical Global 
Impressions of Severity (CGI-S) at the study end-
point. They concluded that treatment with dulox-
etine 60–120  mg QD was associated with 
significant pain reduction and improved function 
in patients with pain due to OA of the knee. 
Nevertheless, frequency of treatment-emergent 
nausea, constipation, and hyperhidrosis was sig-
nificantly higher in the duloxetine group.

9.1.5  Medications Utilization 
in Patients with Knee OA

Zeng C et al. examined trends in the initial pre-
scription of commonly prescribed analgesics and 
patient- as well as practice-level factors related to 
their selection in incident OA [28]. Initial analge-
sic prescription included oral non-selective 
NSAID, oral selective cyclooxygenase-2 inhibi-
tor, topical NSAID, paracetamol, topical salicy-
late or oral/transdermal opioid within 1  month 
after OA diagnosis. They reported that the inci-
dence of oral NSAID prescriptions decreased 
whereas other analgesic prescriptions, including 
oral opioid prescriptions, increased.

9.2  International Clinical 
Guidelines for Knee OA

9.2.1  International Clinical 
Guidelines

International guidelines for the management of 
patients with knee OA recommended to start with 

9 Pharmacologic Treatment



152

non-operative treatments, and using surgical 
intervention only if a patient does not respond 
sufficiently to non-operative treatment options. 
In the last 10 years, currently available guidelines 
for OA management include those developed by 
the American College of Rheumatology (ACR, 
2013), the American Academy of Orthopaedic 
Surgeons (AAOS, 2013), the Osteoarthritis 
Research Society International (OARSI, 2014), 
the United Kingdom’s National Institute for 
Health and Care Excellence (NICE, 2014) and 
the European Society for Clinical and Economic 
Aspects of Osteoporosis, Osteoarthritis and 
Musculoskeletal Diseases (ESCEO, 2014) [15, 
64–67]. Collectively, these guidelines reflect the 
experience of physicians across a variety of med-
ical disciplines. However, they differ in their 
scope and are reliant on the therapeutic options 
that were available at the time they were devel-
oped. Before interpreting the contents of the 
guidelines, it is necessary to understand the 
guideline language and grade of each guideline 
(Fig. 9.2).

The ACR guideline used guideline languages 
as “strongly recommend,” “conditionally recom-
mend” and “no recommend” for each item. The 
AAOS guideline used “strong” means recom-
mend, “moderate” means suggest, and “inconclu-
sive” means unable to recommend for or against. 
The OARSI guideline used “appropriate,” 

“uncertain,” and “inappropriate.” The NICE 
guideline used “core treatment,” “adjuncts to 
core treatment,” and “off/consider.”

9.2.1.1  Acetaminophen
ACR guideline conditionally recommended acet-
aminophen as treatment modality of knee 
OA.  They permitted the use of acetaminophen 
with full dosage up to 4000  mg/day. AAOS 
guideline summarized acetaminophen as “incon-
clusive” along with opioids and pain patch as the 
treatment modality of knee OA. NICE guideline 
offered paracetamol in addition to core treatment 
(Fig. 9.3).

9.2.1.2  Topical Capsaicin
ACR guideline conditionally recommended that 
health care provider do not use topical capsaicin. 
OARSI guideline recommended that the use of 
topical capsaicin is “appropriate” in knee-only 
OA patients without relevant comorbidities and 
“uncertain” in multi-joint OA patients and 
patients with relevant comorbidities. NICE 
guideline considered topical capsaicin as an 
adjunct to core treatments for knee or hand OA.

9.2.1.3  Non-selective NSAIDs
ACR guideline “strongly recommended” the 
concomitant use of non-selective NSAIDs 
with proton pump inhibitors (PPI) for knee OA 

Fig. 9.2 Language used in each international guidelines. 
ACR American College of Rheumatology, AAOS 
American Academy of Orthopaedic Surgeons, OARSI 

Osteoarthritis Research Society International, NICE 
United Kingdom’s National Institute for Health and Care 
Excellence
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patients with upper GI ulcer without bleed-
ing or patients taking low-dose aspirin. But, 
ACR guideline not recommended non-selective 
NSAIDs to chronic renal failure (CRF) patients 
with a glomerular filtration rate (GFR) of 30 or 
less. AAOS guideline strong recommended non- 
selective NSAIDs without any further comment. 
OARSI guideline divided the recommended 
degree of non-selective NSAIDs use accord-
ing to the degree of risk of comorbidities. They 
recommended that the use of the non-selective 
NSAIDs is “appropriate” in patients without 
comorbidities and “uncertain” in patients with 
moderate comorbidity risk. But, they recom-
mended that the use of non-selective NSAIDs is 
“not appropriate” in patients with high comor-
bidity risk, for examples, GI bleeding or myo-
cardial infarction, and CRF.  NICE guideline 

considered non-selective NSAIDs as substitu-
tion or addition after paracetamol (Fig. 9.4).

9.2.1.4  COX-2 Inhibitors
ACR guideline strongly recommended the use 
of COX-2 inhibitors for knee OA patients with 
upper GI ulcer without bleeding and the con-
comitant use with PPI for patients with upper 
GI bleeding. But, they strongly recommended 
to not use COX-2 inhibitors for knee OA 
patients taking low-dose aspirin. OARSI guide-
line recommended that the use of COX-2 
inhibitors is “appropriate” in patients without 
comorbidities and “uncertain” in patients with 
moderate comorbidity risk. However, they rec-
ommended that the use of COX-2 inhibitors is 
“not appropriate” in patients with high comor-
bidity risk. NICE guideline considered COX-2 

Fig. 9.3 Recom-
mendations of each 
international guideline 
for acetaminophen

Fig. 9.4 Recomm-
endations of each 
international guideline 
for non- selective 
non-steroidal anti-
inflammatory drugs. PPI 
proton pump inhibitor, 
GI gastrointestinal, GFR 
glomerular filtration rate
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inhibitors as substitution or addition after 
paracetamol (Fig. 9.5).

9.2.1.5  Opioid (Tramadol)
ACR guideline conditionally recommended the 
use of opioid for knee OA patients. AAOS guide-
line indicated that the use of opioid was “incon-
clusive” in knee OA patients. NICE guideline 
considered the addition of opioid to patients who 
had no pain relief by paracetamol (Fig. 9.6).

9.2.1.6  Dietary Supplements
Dietary supplements are products intended to 
supplement the diet. They are not drugs and, 
therefore, are not intended to treat, diagnose, miti-
gate, prevent, or cure diseases. Unlike drugs, 
which must be approved by the US FDA before 

they can be marketed, dietary supplements do not 
require premarket review or approval by the FDA.

The four international clinical guidelines have 
summarized the position on glucosamine and 
chondroitin in patients with knee OA as follows. 
ACR guideline conditionally not recommended 
the use of the glucosamine and chondroitin for 
knee OA patients. AAOS guideline strongly not 
recommended and NICE guideline not offered 
the use of dietary supplements for knee OA 
patients. OARSI guideline divided the benefits 
achievable from dietary supplement use into 
symptom relief and disease modification. They 
said that the use of glucosamine and chondroitin 
was “uncertain” in terms of symptom relief and 
“not appropriate” in terms of disease modifica-
tion (Fig. 9.7).

Fig. 9.5 Recom-
mendations of each 
international guideline 
for cyclooxygenase-2 
inhibitors. GI 
gastrointestinal, PPI 
proton pump inhibitor, 
OA osteoarthritis, MI 
myocardial infarction, 
CRF chronic renal 
failure

Fig. 9.6 Recom-
mendations of each 
international guideline 
for opioid (tramadol)
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9.2.2  Update Guidelines (I): ACR 
2012 and ACR 2019

In January 2020, the ACR updated official guide-
line—which was last released in 2012—after 
reviewing the scientific literature on OA treat-
ment that has come out in the past few years. The 
current version is “2019 American College of 
Rheumatology/Arthritis Foundation Guideline 
for the Management of OA of the Hand, Hip, and 
Knee” and appears in the journal Arthritis Care & 
Research [68]. Therefore, we would like to sum-
marize the updates in pharmacologic manage-
ment compared to the existing guidelines [64].

Category changed slightly from “non- 
pharmacologic modalities” and “pharmacologic 
modalities” in 2012 to “physical, psycho-social, 
and mind-body approaches” and “pharmacologic 
management” in 2019. The words used in the 
ACR guideline are as follows. “Strongly recom-
mended,” “conditionally recommended,” “condi-
tionally recommended against,” “strongly 
recommended against.”

9.2.2.1  Topical NSAIDs
Currently, only the NICE and AAOS recommend 
topical NSAIDs as the first-line treatment for OA 
of the knee. Additionally, EULAR guidelines 
recommend these agents as a first-line option for 
OA of the hand. Other guidelines, such as ACR, 
recommend topical NSAIDs as first-line treat-

ment only for select, high-risk patient popula-
tions. Topical NSAIDs have been changed from 
“conditionally recommended (2012)” to 
“strongly recommended (2019).” Under the prin-
ciple of “medications with the least systemic 
exposure are preferable,” it is strongly recom-
mended to use oral NSAIDs before using them.

9.2.2.2  Acetaminophen
Acetaminophen was not changed to “condition-
ally recommended” in both the 2012 and 2019 
guideline. However, in the 2019 guideline, refer-
ences were added to very small effect size in 
clinical trials, ineffective as monotherapy (meta- 
analysis), patient panel (ineffective), intolerance 
of contraindications to the use of NSAIDs, regu-
lar monitoring for hepatotoxicity, etc.

9.2.2.3  Oral NSAIDs
Oral NSAIDs have been changed from “condition-
ally recommended (2012)” to “strongly recom-
mended (2019).” In the 2019 guideline, oral 
NSAIDs remain the mainstay of the pharmaco-
logic management. However, only the efficacy of 
the short-term use was recognized, and the relative 
merits of different NSAIDS were not addressed.

9.2.2.4  Duloxetine
Duloxetine has been changed from “no recom-
mended (2012)” to “conditionally recommended 
(2019).”

Fig. 9.7 Recom-
mendations of each 
international guideline 
for glucosamine and 
chondroitin
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9.2.2.5  Glucosamine
Glucosamine has been changed from “condition-
ally recommended not to use (2012)” to “strongly 
recommended against (2019).” The reason for the 
change of glucosamine to strongly recommend 
against is that there may be a publication bias 
with discrepancies in efficacy reported in studies 
that were industry sponsored as opposed to pub-
licly funded, and lack of a clear biologic under-
standing of how efficacy would vary with the 
type of salt studied has been mentioned.

9.2.2.6  Chondroitin Sulfate
Chondroitin sulfate has been changed from “con-
ditionally recommended not to use (2012)” to 
“strongly recommended against (2019).”

9.2.3  Update Guidelines (II): 
OARSI 2019

Whereas the earlier versions of OARSI guideline 
allowed recommendations to be predicated on 
the distribution of OA and various comorbidity 
profiles, these updated OARSI guidelines have 
taken a more patient-centered approach [66, 69]. 
Updated OARSI guidelines provide guidance for 
4 comorbidities that are common in patients with 
OA and confound its treatment—(1) gastrointes-
tinal comorbidities, (2) cardiovascular comor-
bidities, (3) frailty, and (4) widespread pain and/
or depression.

The list of “Recommended Treatments for 
knee OA” is shown in Table 9.2.

9.2.4  Update Guidelines (III): 
ESCEO 2019

In 2014, ESCEO published recommendations for 
the treatment of knee OA in the form of a treat-
ment algorithm (Fig. 9.8).

Since publication of the 2014 recommenda-
tion, considerable new evidence has been pub-
lished, particularly regarding the safety of many 
medications commonly used to treat OA [70]. In 
this update, ESCEO has revisited the ESCEO 
treatment recommendations and has developed 
an updated stepwise algorithm of recommenda-
tions based upon application of the Grading of 
Recommendations Assessment, Development 
and Evaluation (GRADE) process [71]. The 
strength of recommendation was determined as 
“strong” rather than “weak”, if at least 75% of the 
working group members rated a recommendation 
as “strong”.

9.2.4.1  Paracetamol (Acetaminophen)
The ES of paracetamol on pain is 0.14 (95% CI 
0.05–0.22), which translates to no detectable 
clinical effect (<0.2), and no significant effect on 
stiffness and physical function in knee OA 
patients. The ESCEO gives a weak recommenda-
tion that paracetamol should not be used on a 
regular basis as STEP 1 background treatment of 
knee OA.

9.2.4.2  SYSADOA
Prescription crystalline glucosamine sulfate 
(pCGS) has a small ES on pain of 0.27 (95% CI 

Treatment 
type

No 
comorbidities Gastrointestinal Cardiovascular Frailty

Widespread  
pain/ 
depression

Topical 
NSAIDs

Strong Strong Strong Strong Conditional

Oral 
NSAIDs

Conditional Conditionally 
R. (Non-
selective 
NSAIDs + 
PPI or 
selective 
COX-2 
inhibitors)

Not (due to 
evidence 
associating 
NSAID use 
with heightened 
cardiovascular 
risk)

Not Conditional

Duloxetine Conditional

NSAIDs non-steroidal anti-inflammatory drugs, PPI proton pump inhibitor, COX 
cyclooxygenase

Table 9.2  The Osteoarthritis 
Research Society International 
(OARSI)’s recommended 
treatments, by treatment type, 
for knee osteoarthritis
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0.12–0.43), which is greater than paracetamol 
(ES 0.14) and similar to NSAIDs (ES 0.32). The 
ES of chondroitin 4&6 sulfate on pain is report-
edly  variable [33, 66]. The ESCEO affords a 
strong  recommendation to the use of pCGS 
and prescription chondroitin sulfate as STEP 1 
background therapy for the treatment of knee 
OA and discourages the use of other glucos-
amine formulations. However, the ESCEO gives 
a weak  recommendation that a combination of 
 glucosamine and chondroitin sulfate should not 
be used in STEP 1 background therapy. And, the 
ESCEO gives a weak recommendation to the use 
of ASU and diacerein as alterative STEP 1 therapy.

9.2.4.3  Topical NSAIDs
Topical NSAIDs are as effective as oral NSAIDs, 
with a pooled ER for pain relief of 0.44 (95% CI, 
0.27–0.62) and the ESCEO affords a strong 
 recommendation to the use of topical NSAIDs as 
cyclic add-on analgesia in STEP 1.

9.2.4.4  Oral NSAIDs
Oral NSAIDs have a small to moderate effect on 
pain relief in OA, with ES ranging between 0.35 
(95% CI, 0.31–0.40) for OA approved daily 
doses of celecoxib 200 mg/day, and 0.57 (95% CI 
0.45–0.69) or 0.58 (95% CI 0.43–0.74) for 
 maximally approved daily doses of diclofenac 
150  mg/day or etoricoxib 60  mg/day [72]. 

Therefore, the ESCEO affords a strong 
 recommendation to the use of oral NSAIDs 
(selective or non-selective) as STEP 2 therapy.

9.2.4.5  Short-Term Weak Opioids
Opioids significantly decrease pain inten-
sity (ES -0.79; 95% CI, −0.98  ~  −0.59) and 
have small benefit on function (ES -0.31, 95%  
CI, −0.39 ~ −0.24). Therefore, the ESCEO gives 
a weak recommendation to the use of short-term 
weak opioids in STEP 3 therapy.

9.2.4.6  Others
The ESCEO gives a weak recommendation that 
‘the use of duloxetine as an alternative to weak 
opioids in STEP 3 therapy’ and ‘the use of classi-
cal oral or transdermal opioids in end-stage knee 
OA patients for whom surgery is contraindicated’.

9.3  How to Prescribe 
Medications to Knee OA 
Patients with Specific 
Situations

The choice of medications to use in clinical 
 practice depends on individual patient character-
istics and medical history. Several patient factors 
have been identified to increase the risk of CV, 
GI, and renal complications. Currently  available 

Fig. 9.8 European Society for Clinical and Economic 
Aspects of Osteoporosis, Osteoarthritis and 
Musculoskeletal Diseases (ESCEO)’s recommendations 
for the treatment of osteoarthritis of the knee in the form 

of a treatment algorithm. SYSADOA symptomatic slow 
acting drugs for osteoarthritis, NSAIDs non-steroidal 
 anti- inflammatory drugs

9 Pharmacologic Treatment



158

 guidelines for OA management recommend 
that patients are assessed for risk factors and 
the risk:benefit ratio of treatment is determined 
before making treatment decisions.

9.3.1  Young Patients

The treatment of OA of the knee in the young, 
active patient remains a challenge to the orthope-
dic surgeon. Initial nonsurgical management with 
exercise, activity modification, NSAIDs, and vis-
cosupplementation may improve symptoms but 
will not dramatically alter the natural history of 
the disease process [73]. The number of young 
patients affected by knee OA is increasing expo-
nentially, due to the increasing number of indi-
viduals involved in physically demanding careers 
and sporting lifestyles [73, 74]. National Health 
Interview Survey data from 2007 to 2008 in the 
USA show an estimated incidence of diagnosed 
symptomatic knee OA [75]. The largest increase 
is seen between the ages of 55–64, followed by the 
next largest increase between the ages of 45–54. 
This symptomatic knee OA can be seen from a 
young age. Khanna V et al. excluded trauma, frac-
ture, infection, rheumatoid arthritis, and gout and 
defined Kellgren-Lawrence grade of 2 or higher 
as primary knee OA [76]. They reported that the 
incidence of primary knee OA under the age of 
40 as 6.5%. Losina E et  al. reported that about 
5% of cases in the US population are diagnosed 
with knee OA at 50 years old, and about 9% at 
60 years old, indicating that knee OA is diagnosed 
in a relatively young age group [75].

9.3.1.1  Obesity
Obesity is increasing worldwide, and the purpose 
of obesity treatment is not just to lose weight, but 
also to prevent the occurrence of obesity-related 
diseases (Fig. 9.9).

The close association between OA and obesity 
is well established. Mechanisms linking obesity 
and OA involve multifactorial phenomena such 
as systemic factors (i.e., adipokines and pro- 
inflammatory cytokines), hormonal disturbances 
(hyperinsulinemia) and muscle changes (i.e., sar-
copenia and lower muscular tone). The concomi-

tant increasing prevalence of the two diseases has 
major health, social and economic consequences 
[77]. The odds ratio for knee OA of overweight 
compared to normal weight is 2.18, odds ratio of 
obesity is 2.63. You can see that the odds ratio of 
overweight or obesity is larger than the odds ratio 
of 1.84 of female gender, which is well known as 
a risk factor of knee OA [78].

It is well known that weight loss is important 
in patients with knee OA. Although patients who 
received advice were more likely to make an 
attempt to do so, only 42% of obese patients were 
advised by their physician to lose weight [79]. 
Referring to the previously reviewed update 
guideline, weight loss should be recommended 
when all patients with symptomatic knee OA 
[64], body mass index (BMI)  >  25 [65], obese 
>30 or overweight > 25 [67]. A standard of about 
5% weight loss should be presented over a period 
of about 5 months [66].

The basic treatment for obesity is lifestyle cor-
rection such as diet and exercise therapy, but it is 
difficult to achieve sufficient weight loss effect 
with existing lifestyle therapy, so appropriate 
obesity medication is required. The ideal obesity 
treatment drug has few side effects, has good 
weight loss effect, and can maintain weight loss 
for a long time, but there are currently not many 
safe and effective obesity treatment drugs, so 

Fig. 9.9 Obese patient suffers from pain due to osteoar-
thritis in the knee joint
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there is a great demand for the development of a 
new treatment for obesity.

To date no specific recommendation for the 
pharmacologic management of obese patients 
with OA has been published. Conrozier T recom-
mended that NSAIDs and corticosteroids must be 
avoided, especially in obese patients with meta-
bolic syndrome [77]. And, the author recom-
mended that in such patients SYSADOA and 
some anti-oxidant drugs (i.e., curcumin, ginger 
extracts, copper) may be helpful, thanks to their 
excellent benefit/risk ratio and their mode of 
action which may have a positive impact on both 
OA and obesity-related metabolic disorders.

In recent years, the US FDA has withdrawn 
several therapeutic options for obesity due to 
their side effects, but has approved four novel 
anti-obesity agents. Until recently, Orlistat was 
the only drug approved for the management of 
long-term obesity, but the US FDA approved the 
novel anti-obesity drugs lorcaserin and phenter-
mine/topiramate in 2012, and naltrexone/bupro-
pion and liraglutide in 2014.

Orlistat is the only drug approved by the FDA 
for long-term treatment of obesity. Orlistat is a 
potent and selective inhibitor of pancreatic lipase 
that reduces intestinal digestion of fat [80]. A 
4-year double-blind, randomized, placebo- 
controlled trial with orlistat in overweight 
patients achieved a weight loss during the 4 years 
of 6.9% below baseline in the orlistat-treated 
group compared with 4.1% below baseline in the 
placebo-treated group [81]. Fecal fat loss and 
related GI symptoms are common initially, but 
they subside as patients learn to use the drug.

The selective serotonin receptor agonist lorca-
serin, in conjunction with lifestyle modification, 
was approved by the FDA in 2012 for weight 
management. Lorcaserin was in clinical use for 8 
years and was withdrawn because of concerns 
regarding an excess in cancer risk after long-term 
use [82].

Topiramate is an anticonvulsant drug that is 
approved for use in certain types of epilepsy and 
it was shown to reduce food intake, but was not 
developed clinically because of the side effects at 
the doses selected for trial. In a randomized, 
double- blind, placebo-controlled, dose-ranging 

trial, Bray GA et  al. evaluated the efficacy and 
safety of topiramate for weight loss in healthy 
obese subjects [83]. Patients were randomly 
assigned 5 groups: topiramate at 64 ~ 384 mg/d 
or placebo and mean percent weight loss from 
baseline to week 24 was −2.6% in placebo group 
vs. -5.0%, −4.8%, −6.3%, and −6.3% in the 64, 
96, 192, and 384 mg/d topiramate groups, respec-
tively. And, the most frequent adverse events 
were paresthesia, somnolence, and difficulty with 
concentration, memory, and attention.

Phentermine/topiramate (PHEN/TPM) is a 
new, once-daily, controlled-release, combination 
weight-loss product approved as an adjunct to diet 
and exercise for chronic weight management of 
obese or overweight patients with weight- related 
comorbidities. Smith SM et al. reviewed the phar-
macology, efficacy, and safety of PHEN/TPM in 
the management of obese patients [84]. In Phase 
III trials, treatment with PHEN/TPM consistently 
demonstrated statistically significant weight loss 
compared with placebo. After 56 weeks of treat-
ment, percent weight loss achieved with PHEN/
TPM was 10.6%, 8.4%, and 5.1% with 15/92 mg, 
7.5/46  mg, and 3.75/23  mg, respectively. The 
52-week extension study showed maintained 
weight loss over 2  years with 9.3% and 10.5% 
weight loss from baseline for 7.5/46  mg and 
15/92 mg PHEN/TPM. Adverse reactions occur-
ring in 5% or more of study subjects included par-
esthesia, dizziness, dysgeusia, insomnia, 
constipation, and dry mouth.

The fixed combination of extended-release nal-
trexone and bupropion has been developed for the 
treatment of adults who are obese or overweight 
with at least weight-related comorbidity, such as 
type 2 diabetes mellitus, hypertension, or dyslipid-
emia, as an adjunct to diet and lifestyle modifica-
tions and was approved for use in the USA in 2014. 
In 56-week phase III trials in these patient popula-
tions, oral naltrexone extended- release/bupropion 
extended-release 32/360 mg/day was significantly 
more effective than placebo with regard to percent-
age body weight reductions from baseline and the 
proportion of patients who achieved body weight 
reductions of ≥5 and ≥ 10%.

Liraglutide is glucagon-like peptide-1 (GLP- 
1) agonist that has a 97% homology to GLP-1. In 
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a double-blind, placebo-controlled 20-week trial, 
Astrup A et  al. reported that daily injections of 
liraglutide at 1.2 ~ 3.0 mg produced weight losses 
of −4.8 ~ −7.2 kg in comparison with −2.8 kg in 
the placebo group and −4.1  kg in the orlistat 
group [85].

9.3.1.2  Post-Traumatic Osteoarthritis
Post-traumatic OA (PT-OA) is believed to be an 
end-stage organ failure of injured joint (Fig. 9.10).

In particular, it occurs frequently after intra- 
articular fracture (IAF), and about 77% of IAF is 
known to occur in patients under the age of 45, 
and PT-OA is known to occur in about 23–44% 
of IAF of the knee. PT-OA occurs in younger age 
groups, around 9–14 years of age, compared to 
primary OA [86]. However, there is a therapeutic 
dilemma as an approach to young PT-OA, which 
requires clinically meaningful pain relief and 
functional improvement, while ensuring long- 
term treatment safety.

The traditional first approach is nonsurgical 
treatments, but it is impossible to correct the 
underlying pathology, which leads to persistent 
abnormal joint loading, with the limitation that 
continued disease progression cannot be 
prevented.

Schmal H et  al. conducted a systematic 
review—9 clinical studies in humans—to sum-
marize the current status of anti-inflammatory 
therapy for PT-OA [87]. The majority of the anal-
yses (n  =  6) focused on the intra-articular (IA) 
application of hyaluronic acid and 1 study stated 
positive results of IA administration of interleu-
kin 1 receptor antagonist and 1 study revealed 
that platelet-rich plasma relieved symptoms. But, 
there were no studies which evaluated the effects 
of oral medications to prevent or treat PT-OA.

9.3.1.3  Just Waiting for Arthroplasty
Certain countries use “age” as one of the criteria 
for determining whether total knee arthroplasty 
(TKA) can be operated in addition to the 
Kellgren-Lawrence grade of X-rays. As a result, 
even with advanced OA findings on X-rays, 
younger patients may not receive surgical treat-
ment and endure symptomatic treatment 
(Fig. 9.11).

Scott CEH et al. presented the results of a sur-
vey using the “EuroQol five-dimension (EQ-5D) 
questionnaire” for patients waiting for arthro-
plasty surgery [88]. In questionnaire’s interpreta-
tion of the score, “1” means full health, and “0” 
means death. If the score comes out as “negative 

Fig. 9.10 Patient with an intra-articular fracture of the 
knee suffers from post-traumatic osteoarthritis after sev-
eral years

Fig. 9.11 Patient of a relatively young age to undergo 
total knee arthroplasty is waiting for the passing of time 
with only medication
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scores,” it can be interpreted as “worse than death 
(WTD),” which means that it means a so-called 
sick condition rather than dying. They surveyed 
2168 patients awaiting total knee arthroplasty 
surgery, of whom 57% were female and the aver-
age age was 69 years. Of these, about 12% were 
found to be waiting for total knee arthroplasty in 
the health state of “WTD.”

Symptoms such as pain and restriction of joint 
motion and the degree of radiological OA are 
severe, but there are cases where TKA is not avail-
able due to problems such as age and insurance, 
and patients in this situation are called “treatment 
gap” for knee OA. Li CS et al. conducted a survey 
of orthopedic surgeons and published the follow-
ing results [89]. When asked “Perceive a need for 
better treatments for younger (<60 years old) OA 
patients not suitable for unicompartmental knee 
arthroplasty (UKA) or TKA”, about 84% of all 
respondents answered yes. “Do you perceive a 
treatment gap?” About 68% of all respondents 
answered yes. When asked, “What is the most 
important thing for successful intervention for 
patients within the gap?” 45% of all respondents 
answered ‘pain relief’. Thirty percent of respon-
dents answered ‘an alternative such as UKA or 
high tibial osteotomy (HTO) for younger patients’ 
and 24% of respondents answered ‘reduce use of 
conservative treatments’. Therefore, for younger 
knee OA patients who are in the “treatment gap” 
while waiting for arthroplasty in “WTD” status, 
appropriate medication to provide pain relief or 
other surgical options should be considered. There 
were studies which explored the relative efficacy 
of oral pharmacologic interventions in the treat-
ment of knee OA.

da Costa BR et al. conducted a network meta- 
analysis to assess the effectiveness of different 
preparations and doses of NSAIDs on OA pain 
[72]. They included 76 randomized trials with a 
total of 58,451 patients and compared six inter-
ventions (diclofenac 150  mg/day, etoricoxib 
30 mg/day, 60 mg/day, and 90 mg/day, and rofe-
coxib 25 mg/day and 50 mg/day). Among maxi-
mally approved daily doses, diclofenac 150 mg/
day and etoricoxib 60  mg/day had the highest 
probability to be the best intervention, both with 
100% probability to reach the minimum clini-

cally important difference. Jung et al. conducted 
a systematic literature review and revealed that 
etoricoxib had the highest ranking for improving 
WOMAC pain followed by naproxen, acetamino-
phen, and celecoxib [90]. In the subgroup analy-
sis, the top three ranked interventions were 
etoricoxib, celecoxib, and aceclofenac in the 
higher pain group, and tramadol, celecoxib, and 
diclofenac in the lower pain group.

9.3.2  Elderly Patients and Comorbid 
Disease

When medical professionals prescribe OA medi-
cations, they need to know the types of medica-
tions that can be used for various comorbid 
diseases that elderly patients have, and also know 
the interactions with medications currently being 
used for those comorbid diseases (Fig. 9.12).

Higuera CA et  al. surveyed the comorbidity 
prevalence of 502 elderly patients 65 years of age 
or older who received TKA or total hip arthro-
plasty, and published as shown in Fig. 9.13 [91].

Therefore, we would like to introduce the 
knee OA pain management of elderly patients 
with comorbidity of hypertension (Rank 1st), 

Fig. 9.12 Doctor who is contemplating what drugs to 
prescribe for elderly patient with osteoarthritis of the knee 
and various underlying disease
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ulcer disease (6th), oral anticoagulant (13th), and 
renal disease (18th).

9.3.2.1 Hypertension (HTN)
The authors who studied the interaction between 
non-selective NSAIDs and antihypertensive 
drugs reported that systolic blood pressure 
increased by 10 mmHg on average when non-
selective NSAIDs were used in patients taking 
antihypertensive drugs such as angiotensin-con-
verting-enzyme inhibitor (ACEi), angiotensin 
receptor blockers (ARB), beta blockers, calcium 
antagonists, diuretics. These results can be inter-
preted that non-selective NSAIDs interfere with 
the effects of antihypertension drugs [92].

White WB et al. evaluated the effects of spe-
cific CO-2 inhibitors compared with placebo on 
24-h blood pressure (BP) levels in ACEi-treated 
patients with HTN. They involved 178 men and 
women with essential HTN who were treated and 
controlled with lisinopril monotherapy (10–
40  mg daily). Patients received either 400  mg 
celecoxib or placebo for 4 weeks. Mean changes 
from baseline in the 24-h systolic and diastolic 
BP were 2.6/1.5  ±  0.9/0.6  mmHg on celecoxib 
versus 1.0/0.3 ± 1/0.6 mmHg on placebo (p = 0.34 
for systolic BP; p = 0.45 for diastolic BP). They 
concluded that high doses of celecoxib have no 
significant effect on the antihypertensive effect of 
the ACEi [93].

Bingham CO III et al. compared etoricoxib and 
celecoxib in patients excluding congestive heart 
failure, unstable angina, and uncontrolled hyperten-
sion and reported similar mean changes in BP from 
baseline between etoricoxib and celecoxib [94].

9.3.2.2  Ulcer Disease
Gastrointestinal (GI) tolerability is an important 
treatment consideration when choosing non- 
selective NSAIDs for elderly arthritis patients 
[95]. Several patient factors have been identified 
to increase the risk of upper GI complications, 
including advanced age, a history of GI ulcer, and 
concomitant treatment with corticosteroids, aspi-
rin, or anticoagulant [96]. Visser LE et al. reported 
the results of a survey of 100 patients over the age 
of 55 with serious GI complications [97]. Serious 
GI complications were GI hemorrhage, symp-
tomatic ulcer, and intestinal perforation, and the 
average age of the patients was 75 years. Among 
them, prescriptions of contraindicated drugs were 
most common with aspirin at 51%, followed by 
NSAIDs at 49%. Specifically, the proportion of 
patients taking anti-ulcer drugs while taking 
NSAIDs was only 35%. Zeng C et  al. reported 
that only 38% of patients with history of GI dis-
ease and 21% of patients without it had co- 
prescription of gastro-protective agent with oral 
NSAIDs [28]. Mallen SR et al. conducted a sys-
tematic review—21 trials—to compare the GI 
tolerability of the COX-2 inhibitor (celecoxib) 
and non-selective NSAIDs in patients with arthri-
tis aged 65 years or older [95]. And, they revealed 
that the combined incidence of GI intolerability 
adverse events was reported by significantly 
fewer patients treated with celecoxib (16.7%) 
than naproxen (29.4%), ibuprofen (26.5%), or 
diclofenac (21.0%). The discontinuation rate due 
to GI intolerability adverse events was signifi-
cantly lower for celecoxib versus naproxen and 
ibuprofen.

Fig. 9.13 Comorbidity 
prevalence of elderly 
patients who received 
arthroplasty. DVT deep 
vein thrombosis
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9.3.2.3  Oral Anti-Coagulant (OAC)
NSAIDs are known to increase the risk of bleeding 
due to the nature of the drug’s mechanism, and the 
risk of bleeding is further increased, especially 
when used with anticoagulants (Fig. 9.14).

In a post-hoc analysis of NSAIDs in the 
RE-LY (Randomized Evaluation of Long Term 
Anticoagulant Therapy) trial, Kent AP et al. com-
pared dabigatran etexilate (DE) 150 and 110 mg 
twice daily with warfarin in patients with atrial 
fibrillation [98]. The results of this study revealed 
that major bleeding was significantly elevated 
with NSAID use (hazard ratio [HR]: 1.68; 95% 
CI: 1.40 to 2.02; p < 0.0001). GI major bleeding 
was significantly elevated with NSAID use (HR: 
1.81; 95% CI: 1.35 to 2.43; p < 0.0001). The rate 
of stroke or systemic embolism (stroke/SE) with 
NSAID use was significantly elevated (HR: 1.50; 
95% CI: 1.12 to 2.01; p = 0.007). They concluded 
that the concomitant OAC (DE 110 or 150  mg 
twice daily, or warfarin) and NSAIDs therapy in 
patients with atrial fibrillation increased risk of 
major bleeding, and stroke/systemic embolism.

9.3.2.4  Impaired Renal Function
The management of knee OA pain in patients 
with chronic kidney disease (CKD) is challeng-
ing and safe analgesic choices are limited. These 
patients have increased susceptibility to adverse 
drug effects due to altered drug metabolism and 
excretion, and there are limited safety data for 
use in this population despite a high pain burden. 
NSAIDs have long been regarded as dangerous 
for use in this population because of risk for 
nephrotoxicity and thus alternative analgesics, 
including opioids, have become more commonly 
used for pain control. NSAID use has been asso-
ciated with acute kidney injury, progressive loss 
of glomerular filtration rate in CKD, electrolyte 
derangements, and hypervolemia with worsening 
of heart failure and hypertension [99].

In a systemic review to estimate the strength 
of association between chronic NSAIDs use and 
CKD progression, regular-dose NSAID use did 
not significantly affect the risk of accelerated 
CKD progression; pooled odds ratio (OR) = 0.96 
(95%CI: 0.86–1.07), but high-dose NSAID use 

Fig. 9.14 Mechanism of action for non-selective non-steroidal anti-inflammatory drugs and oral anticoagulation 
therapy
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significantly increased the risk of accelerated 
CKD progression; pooled OR  =  1.26 (95%CI: 
1.06–1.50). The authors concluded that the avoid-
ance of NSAIDs in the medium term is unneces-
sary in patients with moderate to severe CKD, if 
not otherwise contraindicated. As the definition 
of high-dose of NSAID use remains unclear, the 
lowest effective dose of NSAIDs should be pre-
scribed where indicated [100].

We showed recommendations about NSAIDs 
use in CKD patients according to the five stages 
[101] as shown in Fig. 9.15.

In the Chronic Renal Insufficiency Cohort 
(CRIC) study with 3939 CKD patients, Zhan M 
et al. conducted a comparative analysis of harm 
from opioids versus NSAIDs in CKD [102]. 
Time-updated opioid use was associated with the 
kidney disease composite outcome, kidney fail-
ure with kidney replacement therapy, death (HRs 
of 1.4 [95% CI, 1.2–1.7], 1.4 [95% CI, 1.1–1.7], 
and 1.5 [95% CI, 1.2–2.0], respectively), and 
hospitalization (rate ratio [RR], 1.7; 95% CI, 
1.6–1.9) versus opioid nonusers. Time-updated 
NSAID use was associated with increased risk 
for the kidney disease composite (HR, 1.2; 95% 
CI, 1.0–1.5) and hospitalization (RR, 1.1; 95% 
CI, 1.0–1.3). They concluded that opioid use had 
a stronger association with adverse events than 
NSAIDs. Meuwesen WP et  al. investigated the 
prescribing of NSAIDs in CKD patients in order 
to generate awareness and improve the outcome 
of these patients [103]. This study showed that 
most NSAID prescriptions (52 ~ 63%) were for 
patients aged 35 ~ 64 years. Diclofenac (34.3%) 

was the single most frequently prescribed 
NSAID, but the COX-2-inhibitors were the pre-
ferred NSAID class to be prescribed. They con-
cluded that even though NSAIDs are regarded as 
nephrotoxic drugs, every three to four patients 
with CKD in South Africa are being prescribed 
NSAIDs in dosages similar to, and exceeding, the 
recommended daily dosages for patients with a 
normal kidney function.

9.3.2.5  Advanced Age
As life expectancy increases, a large number of 
populations experience pain from OA in various 
joints, including the knee. Although TKA is the 
final treatment modality for advanced knee OA, it 
is well known that surgical treatments cannot be 
selected for all patients. Higuera CA et  al. 
reported old age and complications of TKA [93]. 
They studied the relative risk according to age in 
304 patients over 65 years old and reported that 
the results shown in Table 9.3 were obtained.

Patients were approximately 40% more likely 
to have any complication per every 10 years of 
life. Therefore, in the case of advanced age, you 
will need to be aware of the risks of complica-
tions of TKA and try appropriate pharmacologic 
management. Huang WN et  al. evaluated the 
effectiveness and tolerability of etoricoxib in 
extremely elderly patients aged 79 years or older 
(mean age 85.9, range 79  ~  96  years) [104]. 
Patients who responded inadequately to NSAIDs 
or other analgesics were switched to etoricoxib, 
60 mg once daily for 4 weeks. They reported that 
pain and disability scores measured by WOMAC 

Fig. 9.15 Non-steroidal 
anti-inflammatory drugs 
use in chronic kidney 
disease patients 
according to the five 
stages. CKD chronic 
kidney disease, eGFR 
estimated glomerular 
filtration rate, NSAIDs 
non-steroidal anti- 
inflammatory drugs
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index were lower after treatment (pain, p ≤ 0.001; 
disability, p = 0.020) and no adverse events were 
reported. They concluded that pain relief, joint 
function, quality of life, and treatment satisfac-
tion improved significantly in elderly patients 
with OA after etoricoxib administration.

9.4  Summary

The goal of the pharmacologic management of 
knee OA is to minimize pain and optimize func-
tion. The guidelines for the pharmacologic man-
agement of OA can help you identify expert 
opinions on the various treatment options. However, 
it is important to recognize that there are differ-
ences between the guidelines and the individual 
treatment experiences, and select treatment modal-
ities by referring to the guidelines. In the real world, 
the treatment of OA of the knee in the young, active 
patient remains a challenge to the orthopedic sur-
geon, and the presence of comorbidities in elderly 
patients often impacts treatment choices, particu-
larly with respect to pharmacologic therapy. 
Although various pharmacologic treatment options 
are available for knee OA patients, an individual-
ized approach to the patients is most beneficial in 
patients with knee OA and the treatment plan 
should be based on this principle. The choice of the 
pharmacologic treatment of OA should always be 
based on the professional judgment of the physi-
cian and the patient’s condition and preference.
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Intra-articular Injection Therapy 
and Biologic Treatment
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Abstract

Oral or parenteral administered drugs used to 
treat knee osteoarthritis (OA) enter the joint 
through complicated pharmacokinetic pro-
cesses. Intra-articular (IA) injection therapy has 
a number of advantages over systemic adminis-
tration such as bypassing this process and avoid-
ing systemic adverse events. For IA injection 
therapy to work effectively, drugs must be 
injected accurately into the joints. Image guided 
injection using ultrasound is more useful than 
blind method for accurate IA injection. IA ther-
apeutic agents for the treatment of knee OA 
include corticosteroids (CS), hyaluronic acid 
(HA), biologics. CS has a short-term effect on 
improving symptoms of knee OA, but HA has a 
relatively longer term effect. Biologic agents 
either target specific catabolic proinflammatory 
mediators or affect anabolism because OA 
results from an imbalance between catabolic 
and anabolic factors. Biologics used for treat-
ment of knee OA are categorized into non-cellu-
lar or cell therapy. Non-cellular therapy includes 
human serum albumin, growth factors, cytokine 
antagonists. In particular, the recombinant 
human fibroblast growth factor 18 and the wnt 

receptor inhibitor have an anabolic effect. Cell 
therapy includes cell concentrates, mesenchy-
mal stromal cells, and gene therapy. Recently, 
cell concentrates are commonly used for knee 
OA treatment as autologous point-of-care cell 
therapy regardless of its efficacy. Cell concen-
trates include stromal vascular fraction (SVF), 
bone marrow aspirate concentrate (BMAC), 
plasma rich platelet (PRP), and autologous pro-
tein solution. The therapeutic effects of PRP 
remain for more than 6 months, but effect size 
has not reached minimal clinical important dif-
ference. Mesenchymal stromal cells (MSCs) are 
grown from cell concentrates in vitro and sepa-
rated with only cells with MSC characteristics. 
MSCs used in the treatment of knee OA include 
bone marrow- derived MSCs and adipose-
derived MSCs. Despite the clinical potential of 
MSCs, clinical efficacy in knee OA treatment is 
limited. According to guidelines from non-
profit organizations, PRP and MSC injections 
are strongly recommended against in patients 
with knee OA.
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10.1  Introduction

Osteoarthritis (OA) is defined as an irreversible 
and progressive damage to the articular cartilage 
of the knee. It was once known as a ‘wear and 
tear’ disease. However, complex interactions 
between aging, genetic, metabolic, biochemical, 
and biomechanical factors play an important role 
in the development of OA.  Clinical manifesta-
tions of knee OA are pain, stiffness, joint swell-
ing, and loss of motion. These symptoms can 
interfere with work and normal daily activities. 
The incidence of knee OA is increasing rapidly in 
the aging society. Knee OA produces a huge eco-
nomic burden to society due to high prevalence 
and functional disabilities [1].

Current treatment for OA focuses on relieving 
symptoms and improving function. General 
guidelines for the management of knee OA 
mostly recommend a combination of non- 
pharmacological and pharmacological treatment 
[2]. Oral medications such as acetaminophen and 
nonsteroidal anti-inflammatory drugs (NSAIDs) 
are commonly used as pharmacological treat-
ments. However, long-term use of oral medica-
tions has raised concerns about their risk/benefit 
ratio issues, especially for patients with cardio-
vascular, gastrointestinal, and metabolic comor-
bidities [3]. Intra-articular (IA) injections, such 
as a corticosteroid (CS) and hyaluronic acid 
(HA), may be used to treat knee OA after other 
conservative treatments have failed [4]. IA 
 injection became popular in the late twentieth 
century since the introduction of IA CS. IA drug 
delivery might be the ideal mode of drug delivery 
for these patients because it has many advantages 
such as increased local bioavailability, reduced 
systemic exposure, and lower total drug cost [5].

Despite a number of advantages of IA drug 
delivery, there are many controversial issues 
regarding the safety and efficacy of IA injection 
procedure and drug delivery. The incidence of 
adverse events (AEs) attributable to IA therapies 
in knee OA is very low, furthermore, these events 
are rarely serious. Clinician can distinguish self- 
limited AEs, such as post-injection pain and 
swelling that are the most frequently reported 
AEs, from not self-limited AEs, such as septic 

arthritis that is rarely reported [6]. For a safe and 
accurate IA drug delivery, direct IA injection 
with a needle is most preferred. There is a ques-
tion about the efficacy of IA injection therapy 
because IA injections itself have a strong placebo 
effect. The effect size of placebo injection is sig-
nificantly greater than did oral or topical place-
bos [7]. IA-normal saline placebo injection yields 
a significant improvement in symptoms up to 
6 months after the injection in knee OA [8]. This 
placebo effect might be caused by dilution and 
reduction of inflammatory mediators in the joint 
effusion, providing relief of perceived pain and 
subjective stiffness. As to the efficacy of IA drug, 
there are problems that need to be solved such as 
the number of injections, bioavailability of injec-
tion vehicle, effect size of injections, long-term 
efficacy, or exact mechanism of action because of 
a lack of science based evidence of IA injections 
for OA [9]. Despite various controversies over 
efficacy, IA injection treatments are still com-
monly used in clinical practice.

CS and HA injections have been attempted for 
decades to treat the symptoms of knee OA and its 
pros and cons are already well known [10]. 
Recently, there is a growing interest in the deliv-
ery of autologous blood products, recombinant 
proteins, particles, cells, and gene therapy vec-
tors to diseased joints. Local delivery in this way 
is potentially safer, less expensive, and more 
effective than parenteral delivery. However, bet-
ter drug formulations with longer lasting efficacy 
are needed to reduce the need for burdensome 
repeated injections of soluble therapeutic agents 
[11]. Many biologic agents, including non- 
cellular or cellular components, were introduced 
and investigated extensively for OA treatment 
since a decade ago. The efficacy of biological 
agents has yet to be proven, but some of these 
drugs are undergoing clinical research, produc-
ing promising results [5].

In this chapter, we briefly describe the phar-
macokinetics of synovial joint and explain the 
injection technique to increase the accuracy of 
needle placement by manual or using imaging 
modalities. We also describe the mechanism of 
action of the IA therapeutic agents including bio-
logics and discuss clinical studies that have 
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investigated small molecule drug therapies and 
provide a high-level overview of biologics 
including cell-based therapies. Finally, we deliver 
an update on a critical assessment of some of the 
most anticipated and promising IA injection ther-
apies of knee OA currently in clinical 
development.

10.2  Influx and Efflux 
of the Molecules 
in the Synovial Joint

The drug delivery via systemic administration is 
not efficient because the cartilage is an avascular 
tissue. When a therapeutic substance is adminis-
tered through oral or parenteral, the substance 
does not reach the cartilage directly, instead, 
reaches the joint fluid through the capillary net-
work and interstitial tissue in the synovial mem-
brane and then diffused to the extracellular matrix 
(ECM) of the cartilage. In order to treat knee OA 
using certain therapeutic substances, the influx 
and efflux of the therapeutic substances or mole-
cules, residence time within the joint, and diffu-
sion in the ECM of the cartilage must be well 
understood.

In order for the molecules to enter the joint 
cavity from the synovial capillaries, the molecule 
must first pass through the walls of the capillaries 
and then through the ECM of synovial intima 
[12]. About 50% of synovial capillaries has a fen-
estration in the endothelial lining that is faced to 
the joint cavity. Such orientation facilitates the 
transport of molecules from these capillaries to 
synovial interstitium, vice versa. The synovial 
membrane is characterized by non- epithelial 
cells, wide intercellular gaps, no cell junctions, 
and no basement membrane [13]. The synovial 
membrane acts as a semipermeable membrane 
controlling molecular traffic into and out of the 
joint space. Furthermore, no basement membrane 
in the synovial layer facilitates molecular trans-
port. The molecules exiting the blood vessels 
through the fenestration diffuse to synovial inter-
stitium and then pass through the synovial mem-
brane into the joint cavity. The factors determining 
the movement of the molecules are the pore size 

of the fenestration in the endothelium of the cap-
illaries and the tight space of the synovial inter-
stitial matrix. Small molecular weight (MW) 
compounds (MW <10  kDa) freely transport 
through passive diffusion. Because the fenestra-
tion in the endothelial lining of the capillaries 
roles as a size-dependent sieving effect, transpor-
tation of molecules from blood into synovial fluid 
is quantitatively related to molecular size. 
Therefore, relatively large molecules have differ-
ent synovial fluid:serum concentration ratios 
compared to smaller molecules. For example, the 
concentration ratio of normal synovial fluid:serum 
for albumin (MW 67 kDa) is ~0.40; for the much 
larger molecules α2–macroglobulin (MW 
820 kDa) is 0.03 [14]. In inflamed joint, capillary 
permeability increases, improving the entry of 
macromolecules into the joint space. Evidence 
indicating this effect can be found in the protein 
content of synovial fluid from patients with rheu-
matoid arthritis, which increases compared to 
healthy controls and significantly increases the 
ratio of large and small molecular components in 
rheumatoid arthritis samples [5, 14] (Fig. 10.1).

Molecules in synovial fluid are excreted 
through the vasculature and lymphatic system 
in synovium. Small molecules also leave via 
the vasculature whereas macromolecules such 
as proteins exit via the lymphatic system [15]. 
The residence time of molecules in the joint is 
affected by the rate at which they enter and exit 
the joint. Small molecules have short IA resi-
dence time because they easily enter and rapidly 
exit from the joint via the synovial capillaries. 
The entry of macromolecules into joints is con-
strained by a size-dependent sieving effect of the 
endothelial fenestration of capillaries. Although 
IA injection with macromolecules can bypass 
the capillary sieving effect, the IA residence 
time of macromolecules is typically a few hours 
or less because its removal from joints occurs 
via the lymphatic system regardless of its size. 
The half-lives of various substances reported are 
1.23–13.1 h for albumin (MW 67 kDa), 0.35 h 
for lidocaine (MW 234 Da), and 26.3 h for hyal-
uronic acid (MW 3 × 106 Da). IA half-lives of 
NSAIDs were around 1.1–5.2 h and hydrocorti-
sone at around 0.3–4.2 h [16].
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Likewise, the residence time of molecules is 
short regardless of its size. Furthermore, in case of 
joint inflammation, the residence time of molecules 
becomes shorter because of increased vascularity 
and lymphatic flow [17]. This short residence time 
of the molecules is a major barrier to successful 
therapy. The IA injected therapeutic drug must be 
maintained within the joint for sufficient time to 
work. To do so, it is necessary to develop various 
methods to increase the drug residence time.

10.3  Intra-articular Injection 
Technique

The IA injection of therapeutic agents is an 
attractive method for the local treatment of joint 
diseases. To achieve the maximal potential treat-
ment, various therapeutic agents should be cor-
rectly delivered into the joint. It is important to 
position the needle precisely inside the joint in 
order to achieve sufficient therapeutic effect and 

Fig. 10.1 Influx and 
efflux of the molecules 
in the synovial joint. 
Systematically 
administered molecules 
in the capillaries enter 
the joint cavity through 
capillary wall, 
extracellular matrix 
(ECM), and synovial 
membrane. Small 
molecules pass through 
capillary wall and 
synovium relatively 
easily but major 
resistance to their entry 
is the ECM of the 
synovial interstitium. 
Large molecules in the 
capillary are sieved by 
the fenestrated 
endothelium of the 
capillaries, which are 
obstacles to enter the 
joint cavity. Intra- 
articular injection is a 
way of circumventing 
this resistance. 
Molecules in synovial 
fluid are excreted 
through the vasculature 
and lymphatic system in 
synovium. Small 
molecules also leave via 
the vasculature whereas 
large molecules such as 
proteins exit via the 
lymphatic system. 
(Copyright permission: 
Nat. Rev. Rheumatol. 
Evans, 2013)
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reduce the AEs of the injection. Incorrect place-
ment of the needle also causes more pain and dis-
comfort to the patient during and after the 
procedure, which can have a negative influence 
on the efficacy of the product being injected [4]. 
Injection technique is a very important factor for 
accuracy of IA knee injection, especially in 
symptomatic knee OA with no effusion [4]. 
However, it is difficult to place accurately a nee-
dle into the IA space of the knee without effu-
sion. Jones et al. [18] evaluated the accuracy of 
needle placement into the IA space of the knee in 
the absence of a joint effusion and reported that 
39 (66%) of 59 knee joint injections were IA and 
almost one-third were extra-articular. If thera-
peutic materials are injected into extra-synovial 
tissue, it may result in either painful blockage of 
the injected material outflow or the development 
of acute pseudoseptic arthritis. Therefore, an 
accurate needle placement is very important for 
IA drug delivery for knee OA treatment. There 
are two techniques, such as blind (palpation 
guided or landmark guided) or image guided 
injection, for IA knee injection. Accurate IA knee 
injection is not easy for patients who have dry 
joint, especially obese and/or severe arthritic 
knees by blind technique. Various methods such 
as injection of contrast or air with radiography 
[19], ultrasonography (US)[20] or fluoroscopy 
[21], magnetic resonance imaging (MRI) [22], 
surgical confirmation of intra- or extra-articular 
placement of drugs [23] have been used to evalu-
ate the accuracy of IA knee injection. The back-
flow technique is also a helpful method for 
confirmation of the IA placement of needle dur-
ing injection that has an accuracy of about 97% 
[24]. However, because all of these techniques 
are influenced by observer error in the evaluation 
of images, there is no gold standard for evaluat-
ing the accuracy of IA knee injections. Accuracy 
is improved by fluoroscopic and US guided tech-
niques, and these tools are particularly useful for 
treating joints that are difficult to access, such as 
obese or dry joint. In this section, we included all 
studies independently attempted to confirm IA 
placement, including successful aspiration of 
synovial fluid. Furthermore, the results on accu-
racy of the sites of injection were described by 

injection site and whether image guidance was 
used or not, and this review did not look sepa-
rately at accuracy by image guided method.

10.3.1  Injection Techniques: Sites, 
Approaches

A number of IA injection sites have been pro-
posed to maximize therapeutic benefits and avoid 
incorrect knee injection when performing IA 
knee injections using blind or image guided tech-
niques. Injection “sites” refer to specific areas in 
the knee for needle entry, and injection 
“approaches” refer to techniques that deliver the 
needle, including angle of the needle or position 
of the knee. There are various approaches to the 
same injection site, and there is a lot of contro-
versy over which area is the best injection area 
for accurate injection. In a systematic review, 
eight different knee injection sites were identified 
regardless of injection technique that were (1) 
anteromedial, (2) medial mid-patellar, (3) super-
omedial patellar, (4) anterolateral, (5) lateral 
mid-patellar, (6) superolateral patellar, (7) lateral 
suprapatellar bursa, and (8) infrapatellar [25]. 
Infrapatellar site will not be described due to lack 
of literatures (Fig. 10.2).

10.3.1.1  Anteromedial (AM)
For AM joint site, the needle is inserted into the 
portal formed by inferomedial patellar border, 
patellar tendon, and medial tibial plateau, direct-
ing the needle toward intercondylar notch with 
the knee flexed 30° [21] or 90° with the patient’s 
leg hanging over the side of the examination table 
[23]. Accuracy rates of AM site in knee 30° and 
90° flexion were 86% and 71%, respectively 
[26]. The use of the standard AM site may result 
in pain and potential harm with accidental injec-
tion into the cruciate ligaments, the ligamentum 
mucosum, or the fat pad.

10.3.1.2  Medial Mid-Patellar (MMP)
This technique is performed with the knee in 
extension. The patella is pulled medially or later-
ally, and a needle is advanced under the patella. 
Injection via the MMP approach is performed 
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with the needle placed on the medial side of the 
knee joint under the middle of the patella (mid-
pole) and directed towards the lateral patellar 
midpole [27]. The needles were inserted care-
fully to avoid injuring special structures such as 
the patella retinacula, periosteum, retropatella 
cartilage, and fat pad. MMP portal showed the 
least accuracy rate, which was 56% [23], 77.3% 
in blind injection [27], 75% in US guided injec-
tion [28].

10.3.1.3  Superomedial Patellar (SMP)
The SMP injection is performed by inserting a 
needle in a 45° cephalomedial to caudolateral 
direction between the femoral condyle and the 
lateral border of patella at the superior 1/3 margin 
of the patella with the knee extended. Gentle 
shaking of the patella will identify its border to 
facilitate the needle insertion. This portal pro-
vides 80% accuracy rate when using blind tech-
niques [29].

10.3.1.4  Anterolateral (AL)
The standard AL injection was performed in the 
site formed by inferolateral patellar border, patel-

lar tendon, and lateral tibial plateau with the 
patient sitting with the knees hanging freely over 
the side of the examination table and flexed to 
approximately 90°. However, there were several 
modified AL approaches regarding knee flexion 
degrees or needle direction. Different knee posi-
tion had been proposed according to knee bend-
ing such as the knee flexed between 30° and 40° 
[21] or flexed to 90° [30] or full flexion ranging 
from 100° to 130° [31]. After palpation of the 
anatomic landmarks, the injection portal was 
selected one-fingerbreadth proximal to the tibial 
joint surface and one-fingerbreadth lateral to the 
patellar tendon. The needle was advanced 
obliquely toward the intercondylar notch or 
directing the needle toward medial femoral con-
dyle. Accuracy rate of this approach was 71% 
[4], 85% [23], 97% [30], 97.1% [31]. These 
approaches are useful when the knee cannot be 
extended sufficiently, or when there is only a 
minimal amount of fluid in the knee joint. The 
AL site would provoke less pain as compared to 
the SL site [32]. The major problem with these 
approaches is that it is difficult to obtain fluid 
from the affected joint.

Fig. 10.2 Proposed 
intra-articular injection 
site
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10.3.1.5  Lateral Mid-Patellar (LMP)
The LMP site is the most commonly utilized 
(64%) technique for knee arthrography among 
the North American radiologists [33]. For the 
LMP approach, the injection was made between 
patella and patellar groove at the mid lateral 
patellar junction with the knee extended. The 
needle was advanced transversely directing the 
needle at a 45° angle between the articular sur-
faces of the patellofemoral joint at the midpoint 
of the patella and pulled laterally [34]. Accuracy 
rate of the LMP approach was 55%–86%, that 
rate was directly proportional to severity of radio-
graphic OA assessment [26], 76% [23], 91.5% 
[35], 93% [4]. The LMP has the advantage of 
allowing the needle to pass through the minimal 
soft tissue and reach the IA space. On the other 
hand, for those apprehensive individuals who 
involuntarily and forcefully contract the quadri-
ceps muscles during a procedure, the elderly, 
individuals with knee contractures, the obese, 
large patellofemoral osteophytes, or wheelchair- 
bound individuals, the LMP approach can be dif-
ficult and/or inconvenient in these individuals. In 
addition, because less subcutaneous fat is trans-
versed by the needle in the LMP portal, local AEs 
of injections may occur which can be easily 
observed, including visible ecchymosis, hema-
toma, and cutaneous atrophy or foreign body 
granuloma at the puncture site caused by reflux 
of CS or HA back through the needle tract [36].

10.3.1.6  Superolateral Patellar (SLP)
For the standard SLP approach, the patient is 
positioned supine on the examination table with 
the knee extended, and the patella and soft spot 
are palpated. The landmark is the intersection of 
the horizontal line from the upper border of the 
patella and another line crossing the lateral bor-
der of the patella. The needle was inserted in a 
45° angle cephalolateral to caudomedial direc-
tion with parallel to the anterior femoral cortex. 
Accuracy rate of SLP site ranged from 55% to 
100%, but the SLP approach resulted in the high-
est pooled accuracy rate of 91% (95% CI 84–99) 
among IA knee injection sites [37]. However, the 
SLP approach will not be suitable for several rea-
sons: large osteophytes blocked the path for pas-

sage of the needle; the pain associated with 
patellar manipulation; determination of the con-
figuration of bony landmarks is difficult, espe-
cially in obese patients.

10.3.1.7  Lateral Suprapatellar Bursa 
(LSB)

In the LSB approach, the needle is inserted from 
the superolateral aspect of patella, one- 
fingerbreadth above and one-fingerbreadth lateral 
to the patella with the knee extended [35, 38]. 
Accuracy rate of the LSB approach was 83.7% 
by blind and 96.0% by US guided injection [39], 
82% by blind and 100% by US guided injection 
[40]. One of the advantages of an IA injection 
through the SB is that it reduces the risk of injur-
ing other tissues in the knee joint [39]. When 
small effusions within the SB are detected, 
dynamic examination, such as isometric contrac-
tion of the quadriceps muscle or forced dorsiflex-
ion of the foot with the knee extended, may be 
helpful. Quadriceps activation and hyperexten-
sion induce proximal shifting of fluid by displac-
ing the Hoffa fat pad against the femoral condyles 
and tightening the posterior fascia.

10.3.2  Factors Related to Intra- 
articular Knee Accuracy

Accuracy of IA knee injections is affected by 
intrinsic factors such as obesity, severity of OA, 
presence or absence of joint effusion, etc. and 
external factors such as clinician’s experience, 
site of needle insertion, and use of image guide. 
Accurate IA knee injection is not easy for patients 
who have dry joint, especially obese and/or 
severe arthritic knees. These intrinsic factors can-
not be modified when they first appear in the 
clinic, but extrinsic factors can be modified by 
clinician efforts.

In a systematic review with statistical pooling 
of accuracy rates, the SLP site resulted in high 
accuracy rates, with the highest pooled accuracy 
of 91% (95% CI 84–99%) and pooled accuracy 
rates for the LMP, AL, and AM site were 85% 
(95% CI 68–100%), 67% (95% CI 43–91%), and 
72% (95% CI 65–78%), respectively [37]. This 
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systematic review did not mention about guided 
injection data. The SLP site resulted in 100% 
accuracy rate, especially, in patient with effusion 
by blinded injection [19]. When attempting blind 
injection, SMP site (82%) had the highest injec-
tion accuracy among the three medial sites, fol-
lowed by AM (74%) and MMP (64%), while SLP 
site (87%) had the greatest injection accuracy 
among the four lateral sites, followed by LMP 
(84%), LSB (83%), and AL (70%). When US 
guided injection was attempted, the accuracy was 
100% on the SMP site and 86% on the MMP, 
which significantly increased the accuracy com-
pared to the blind injection. Moreover, all four 
lateral sites (AL, LMP, SLP, and LSB) had 
95–100% accuracy rate, when US guided injec-
tions were performed, and the best lateral site 
was still the SLP.  The accuracy of medial sites 
was improved largely than the lateral sites by US 
guided injections. Therefore, US guided injec-
tions at MMP, SMP, LSB, and SLP sites were 
found to be significantly more accurate than their 
respective blinded injections. The experience of 
injector affected the accuracy rate of the blinded 
injections at the SLP site, which was 55% (95% 
CI 34–74) for the less experienced injector com-
pared to 100% (95% CI 81–100) for the more 
experienced injector [38]. However, similar accu-
racy was found for less experienced junior clini-
cians and injectors when US guided injections 
were performed. When a research fellow per-
formed the injections using US guided, accuracy 
rate of IA injection was 91% [41]. US guided has 
significantly improved the performance and 
effectiveness of the procedure, with a 43% 
decrease in pain associated with US guided pro-
cedures and a 26% increase in the proportion of 
treatment responses [40]. Accuracy is improved 
by US guided techniques that are particularly 
valuable for treating joints that are difficult to 
access, such as obese or dry joint.

10.3.3  Ultrasound Guided Injection 
Technique

Although the guideline of 2016 European League 
against Rheumatism (EULAR) recommends that 
IA injections using image guidance be used in 

specific situations but not routinely, IA injections 
using US have many advantages. US allows real- 
time monitoring during needle placement in a 
fast and less invasive manner without the risk of 
radiation exposure. In addition, a US machine is 
less expensive and widely available than a fluo-
roscopy or computed tomography/magnetic reso-
nance scanner.

Choosing the right US device is important 
for accurate IA injection. In particular, appro-
priate transducers and ultrasonic frequency 
should be selected depending on the region of 
the musculoskeletal system. High frequency 
(7–15 MHz) line transducer is appropriate for 
the IA knee injection. This helps to obtain 
images of relatively superficial areas, such as 
knee joints, because of their low penetration 
and good resolution. Echogenicity refers to the 
ability to reflect a US wave. Each tissue type 
has a particular echogenicity in its normal state. 
Based on its echogenicity, a structure can be 
distinguished by hyperechoic (white on the 
screen), hypoechoic (gray on the screen), and 
anechoic (black on the screen). Bone appears 
anechoic or black on US and has a bright hyper-
echoic rim. Because the US beam cannot pass 
through the cortical bone, it casts an acoustic 
shadow underneath intensely hyperechoic bony 
structure. Articular cartilage appears grey or 
hypoechoic rim over a hyperechoic bony cor-
tex. Blood vessels and joint fluid also appear 
anechoic. Muscles are hypoechoic with striate 
structure and fat is almost anechoic. Fascia/fas-
cicles and other connective tissue appear as 
hyperechoic lines. Nerves appear hyperechoic 
with a stippled honeycomb pattern with hypo-
anechoic fascia scattered between bright back-
grounds. Tendons and ligaments appear 
hyperechoic, similar to the distal nerves. 
Tendons can be observed with characteristic 
striation in the long-axis view and are more 
anisotropic than nerves [42].

In order to inject needles accurately under US 
guided, meticulous manipulation of ultrasonic 
transducer is needed. To get a better image, clini-
cian need to understand the angle of incidence. 
The angle of incidence is an angle that the US 
waves encounter a line perpendicular to the struc-
ture (Fig. 10.3). The closer the ultrasonic trans-
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ducer and the surface of the object are to the 
perpendicular, the more US waves are reflected 
by the transducer to obtain a better image. 
Conversely, if the US waves become more paral-
lel to the surface of the object, the image will 
have less definition. Better images can be 
obtained by adjusting the angle of incidence of 
the transducer with manipulation such as tilting 
or rotation. A close-to-perpendicular angle of 
incidence is also critical for better needle visual-
ization during US guided needle insertion. To 
achieve better needle visualization, in addition to 
transducer manipulation, it is recommended to 
change the needle approach and advance more 
vertically to the US waves. Manipulating meth-
ods of ultrasonic transducers to obtain better 
images include pressure, alignment (sliding), 
rotation, and tilting [42].

US wave produces many responses, such as 
scatter reflection, transmission, refraction, and 
specular reflection, when traveling through tissue 
or materials. Scatter reflection is caused by the 

deflection of the US wave in several directions 
toward or away from the probe. Scattering occurs 
on small or irregular objects. Transmission refers 
to the continuing US wave through tissue away 
from the probe. Refraction is caused by when the 
US waves come into contact the interface between 
two mediums with different propagation veloci-
ties, the US wave is refracted bent depending 
upon the difference in velocities. Specular reflec-
tion is caused by reflection from a large, smooth 
surface such as a bone and returns the US wave 
toward the probe when it is perpendicular to the 
US beam [43]. As result, various kinds of  artifacts 
can be seen on the monitor in addition to normal 
anatomy. Operators performing IA needle injec-
tion should discriminate and understand US arti-
facts such as reverberation, scattering, and 
acoustic shadowing caused by air bubble in the 
needle tip. Reverberation artifact is caused when 
a US beam encounters two strong parallel reflec-
tors. This represents a linear density at the same 
interval representing multiple visualized needles 

a b

c

Fig. 10.3 Effects of the different angle of incidence. (a) 
Trajectory of US wave with probe 2 is more perpendicular 
to the surface of the artery and nerve. It shows more 
rounded and defined image of the artery and nerve than 
image obtained with probe1, of which US wave trajectory 
has a more parallel to the surface of object. (b) Oblique 

angle of incidence shows less defined image of anterior 
tibial artery (white arrow) and vein (black arrow). (c) 
Perpendicular angle of incidence shows a more round and 
defined image of the same vasculatures (Ultrasound pho-
tographs were provided in favor of Dr. BS Koo)
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under the actual needle. When the US energy 
returns to the probe to process finally, a duplicate 
image of the needle is displayed on the screen. 
This duplicate image appears deeper than the 
actual needle because more time has elapsed for 
the US energy to return to the probe. Because air 
does not conduct US, a small amount of air serves 
as the perfect medium for generating dropout 
shadow. The presence of an air bubble at the nee-
dle tip generated an acoustic shadow [44] 
(Fig. 10.4).

There are in-plane and out-of-plane methods 
for inserting needles into the joints under US 
guide. In-plane needle placement is a method that 
the needle can be seen on the US monitor in the 
long-axis view because long axis of the needle is 
located within the US scanning plane. Out-of- 
plane needle placement is a method that the long 
axis of the needle is directed at right angle to the 
scanning plane so the needle can be seen as a 
white dot of echo in the short-axis view 
(Fig.  10.5). The in-plane mode is a commonly 
preferred approach because it can visualize the 
entire needle. When performing needle insertion, 
especially with out-of-plane method, dynamic 
tilting or sliding of the transducer may help track 
the tip of the needle because the US beam has a 
very thin width of about 1 mm, so the needle can 
enter and exit viewing field even with subtle 

movements. Visualizing the tip of the needle is 
essential for accurate needle insertion. However, 
inexperienced operators often miss the tip of the 
needle or the entire needle from viewing field. In 
these instances, it is necessary to look at the 
probe again and re-align the needle to the US 
plane. If only the tip of the needle is out of sight, 
the operator can pull the needle back a little and 
try again with a slight reorientation [42].

There are several technical tips for enhanc-
ing needle placement under US guide. Use 
larger needles than smaller ones as possible. 
Large needles are more easily visualized. 
Direct the US beam perpendicular to the nee-
dle rather than parallel to it. Use styletted nee-
dles if possible, which decreases reverberation 
artifact. Fill the needle with a clear solution 
rather than air. Insert the needle with its bevel 
either pointing towards the US probe or away 
from it. The relatively rougher bevel results in 
more US scatter, enhancing the tip. Try to nee-
dle movement, which the needle is inserted in 
a short “in-and-out, side-to-side” motion 
causes deflection of the adjacent soft tissues 
and makes the trajectory of the needle more 
discernible. Use hydrolocation technique that 
injecting a small amount of a clear solution to 
the targeting site can enhance the visibility of 
the needle tip.

a b

Fig. 10.4 US artifacts observed during needle insertion. (a) 
Reverberation artifact is that there are multiple needles visu-
alized under the actual needle and equally spaced linear den-
sities that represent ultrasound waves bouncing back and 

forth within the lumen of the needle. (b) A small amount of 
air (black arrow) serves as the perfect medium to generate an 
acoustic shadow (white arrow), as air does not conduct ultra-
sound. This image looks like the tip of needle is broken
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10.3.4  Skin Preparation and Aseptic 
Technique, Choice of Needle, 
and Adverse Events

To reduce the risk of infection, IA injections 
should always be performed under sterile condi-
tions using an aseptic technique. Povidone-iodine 
and/or alcohol was used to disinfect the skin 
around the injection portal. Operators should 
wear aseptic gloves and use sterilized gel for US 
probes. Only a sterilization wrap with pores to 
expose the applicable site might be needed dur-
ing the procedure. Local anesthesia is usually not 
required before treatment, cooling spray or local 
anesthetic may be used for large and thick joints 

or pain-sensitive areas or patients. In general, 
drug injection usually uses 22–25 gauge needles 
and 18–21 gauge thick needles for joint aspira-
tion. No.25 gauge needle was occasionally used 
to decrease pain from injection. The length of the 
needle mostly chosen is regular-length (1.25  in 
and 1.5 in). When performing injection using the 
standard AM and AL site, the distance from the 
skin edge to the articular surface of the femoral 
condyle ranged from 4.5 cm to 5.5 cm (1.8 in to 
2.2 in). The needle length of 2 inches is needed to 
clear the IA fat pad and reach the IA space in 
these sites [4]. Therefore, the length of the needle 
can be determined by measuring the expected 
distance of the injection path on the US or MRI, 

a

b

c

d

Fig. 10.5 Methods of needle insertion into joints under 
ultrasonic guide. (a) In-plane needle placement. Long axis 
of the needle is located within the US scanning plane. (b) 
Needle can be seen on the US monitor in the long-axis 

view. (c) Out-of-plane needle placement is a method that 
the long axis of the needle is directed at right angle to the 
scanning plane. (d) Needle can be seen as a white dot of 
echo in the short-axis view
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and it is necessary to prepare enough needle 
length to fit the path.

AEs from IA injection therapy may occur either 
by injection itself or by drugs used. If therapeutic 
materials are injected into extra-synovial tissue, 
such as the anterior fat pad and extra- synovial tis-
sue layers, it may result in injection site pain due to 
painful blockage of the injected material outflow. 
HA injection might develop acute pseudoseptic 
arthritis. CS injection into extra-articular tissue 
produces skin hypopigmentation, atrophy of sub-
cutaneous fat and muscle. Although there are rela-
tively few AEs associated with IA injection of CSs 
or HAs, IA infections are serious AEs. Incidences 
of infection 1  in 3000 to 1  in 50,000 have been 
reported in association with IA CS injection. 
Although these rates are low, AEs of CSs, such as 
the increased cumulative risk of infection with 
repeat administration and concern about cartilage 
damage, create reluctance to inject CS into the 
joints too frequently. No rigid guidelines on this 
matter exist, but most practitioners are reluctant to 
inject a joint more than once every 3–6 months, 
unless delivering agents such as HA, which require 
multiple injections. Minor AEs include injection 
site pain (1 to 33%), local swelling (<1 to 30%), 
and local skin problems (3 to 21%). Pseudoseptic 
reactions can occur in 1 to 3%, usually after 
repeated multiple HA injections. It is character-
ized by joint  inflammation and swelling not asso-
ciated with joint infection [29]. According to a 
recent retrospective Danish study (n  =  22,370), 
actual joint infections (septic arthritis) had a very 
low incidence (0.08%, 95% CI 0.03–0.12), and 
only 11 patients were diagnosed with septic arthri-
tis (~1  in 2000 injections). Risk factors for this 
serious condition include old age, male, and pre-
existing articular disease [30]. As the IA injection 
is an invasive procedure, there are absolute and 
relative contraindications. Absolute contraindica-
tions include known hypersensitivity to the injec-
tion, significant skin breakdown or osteochondral 
fracture at the injection site, bacteremia, osteomy-
elitis, sepsis, septic arthritis, periarticular condi-
tions such as cellulitis, joint prosthesis, or 
uncontrolled coagulopathy. Relative contraindica-
tions are not clear, so they should be decided on a 
case-by- case basis [31].

10.4  Intra-articular Therapeutic 
Agents

Various kinds of materials have been developed 
as IA therapeutic agents for knee OA. CS and HA 
are most commonly used drugs for management 
of pain with knee OA failed to respond to non- 
pharmacologic treatment, NSAIDs or analgesics 
despite questions have been raised about the 
effectiveness. Standard IA treatment includes CS 
and HA, and its efficacy and AEs have been 
extensively investigated. Besides standard IA 
treatment, polydeoxyribonucleotide (PDRN) and 
hypertonic dextrose are frequently used for knee 
OA in the clinics. However, there are a few, low 
level clinical research with them for evaluating 
its efficacy of treatment of knee OA. OA results 
from an imbalance between catabolic and ana-
bolic factors, and biologic agents either target 
specific catabolic proinflammatory mediators or 
affect anabolism more generally. Biologic agents 
show excellent clinical results in other rheumatic 
inflammatory diseases. There has been a lot of 
clinical research on biologic agents, assuming 
that biologic agents will have similar effects in 
the treatment of OA. Results of clinical studies 
did not support the routine use of biologic agents 
for OA management. However, there is still hope 
for biologic agents in the future treatment of OA 
[45]. Biologics have four sub-categories such as 
non-cellular therapeutics, expanded cell thera-
pies, gene therapies, and point-of care autologous 
cell therapies [9].

10.4.1  Standard Intra-articular 
Treatments

10.4.1.1  Corticosteroids
Steroids have variable structures, functions, and 
sites of effect. Steroid molecules vary mainly due 
to changes in functional groups attached to their 
carbon rings. Human CSs are produced in the 
adrenal gland and have a wide range of physio-
logic effects. CSs can be classified as mineralo-
corticoids (e.g., aldosterone) that control water 
and electrolyte physiology and glucocorticoids 
(e.g., cortisol) that control metabolism and 
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inflammation. CS-like molecules have been syn-
thesized for use in drug therapy because of its 
powerful anti-inflammatory effects. The syn-
thetic CSs are derivatives of prednisolone (an 
analogue of human cortisol). Methylprednisolone 
is the methyl derivative of prednisolone, whereas 
dexamethasone, betamethasone, and triamcino-
lone are all fluorinated derivatives of predniso-
lone [46]. Pharmacologic properties with 
anti-inflammatory effect can be improved through 
fluorination of CSs.

Action Mechanism CSs act directly on nuclear 
steroid receptors to regulate the rate of synthesis 
of mRNA and proteins. CSs have both anti- 
inflammatory and immunosuppressive effects, 
and CS’s mechanisms of action are highly com-
plex including changes in T and B cell functions, 
changes in white blood cell traffic, changes in 
levels of cytokines and enzymes, inhibition of 
phospholipase A2 and arachidonic acid metabo-
lism [47]. This mechanism is largely divided into 
altered movement of leukocytes, altered function 
of leukocytes, reduced microvascular dilation 
and permeability in inflamed areas, and reduced 
prostaglandin synthesis. Leukocyte migration 
alteration occurs 4–6 h after drug administration 
and includes lymphocyte reduction, T-lymphocyte 
selective depletion, and inhibition of neutrophil 
and monocyte-macrophage accumulation in the 
inflammatory site. Leukocyte function alteration 
is associated with an immune response. This 
includes processes such as inhibition of lympho-
cyte proliferation and inhibition of T-lymphocyte 
mediated cytotoxicity. In addition, these inhibi-
tory effects inhibit the release of interleukin-1, 
leukotrienes, and prostaglandins. The reduction 
of these inflammatory mediators often improves 
pain symptoms and increases the relative viscos-
ity as the concentration of HA in the joint 
increases [48].

Composition, Pharmacodynamics, and 
Pharmacokinetics When a CS is injected into 
a joint, it is absorbed by synovial cells and then 
diffused into the blood and removed. The pur-
pose of IA injection therapy is to achieve pro-
longed concentrations of CS in the synovial 

fluid and synovium. The duration and effective-
ness of the drug depend on the anti-inflamma-
tory potency, solubility, and dosage. Based on 
the chemical structure, the duration of effect 
should be inversely proportional to the solubil-
ity of the steroid. The less water soluble a CS is, 
the slower its onset and the longer its duration 
[49]. The CS formulations used for IA injection 
are microcrystalline suspensions of CS esters. 
When injected into the joint cavity, these esters 
are slowly hydrolyzed in synovial cells to form 
activated CSs. In this moment, if the solubility 
of esters is low, absorption in the synovial cell 
is delayed and the duration of the effect is 
increased [50]. The duration of the local effect 
of the drug is divided into short, intermediate, 
and long acting and is generally consistent with 
the anti-inflammatory effect. Several kinds of 
synthetic CS have been tried to improve the 
anti-inflammatory effect (Table  10.1). 
Triamcinolone acetate (TA) is completely 
absorbed from joint and can be detected in 
plasma for 2–6 weeks. Systemic TA absorption 
in plasma is relatively rapid after IA injection, 
the observed Cmax of 11.06  ng/mL in plasma 
was reached at a median tmax of 6 h. The termi-
nal t½ varies between 3.0 and 6.4 days and MRT 
(mean residence time) is 2.5–4.3 days depend-
ing on the products and the dose [51, 52]. 
Triamcinolone hexacetonide (TH) is the least 
soluble injectable CS, which is absorbed from 
the joint completely over a period of 2–3 weeks. 
The terminal t½ is 4.6 days and dose-indepen-
dent, MRT is 6 and 6.1 days at a dose of 20 and 
40  mg, respectively [51]. Betamethasone was 
investigated in plasma after the single IA injec-
tion, the terminal t½ in plasma is 6.3 days, and 
MRT is 2.8 days [51]. FX006 is an extended-
release (ER) IA formulation of TA (TA-ER) in 
75:25 poly (lactic-co- glycolic acid) micro-
spheres designed to maintain prolonged drug 
concentration in the joint [11]. Synovial fluid 
(SF) TA-ER concentrations were quantifiable 
through 12  weeks. SF TA-ER reached Cmax 
231.3  ng/mL at tmax 7  days. Plasma TA-ER 
reached Cmax 0.97 ng/mL at tmax 7 h. The median 
t½ was 14.5 days and MRT was 19 days [52]. By 
delaying the absorption of drugs, a significant 
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pain improvement at 10 weeks and lower peak 
plasma concentration were reported using an 
ER microsphere-based formulation of TA 
(FX006 or Zilretta®) instead of a crystalline 
suspension formulation [52] (Table 10.1).

Choosing a Corticosteroid Preparation 
and Dose Several injectable CS preparations are 
commercially available. The choice is usually 
based on availability, cost, versatility, and phar-
macokinetics. Methylprednisolone and triamcin-
olone are the two most common injectable CS 
used for knee OA. It is believed that more soluble 
preparations have a shorter duration of action 
than less soluble preparations. However, this may 
not always be the case. Research results on which 
CS preparation is effective in treating knee OA 
vary. Hepper et al. [53] reported that triamcino-
lone appeared to be more efficacious than either 
betamethasone or methylprednisolone. Pyne 
et al. [54] reported that triamcinolone was statis-
tically more efficient in pain relief 3 weeks after 
injection than methylprednisolone, but its effect 
is lost by week 8. On the contrary, Yavuz et al. 
[55] stated that methylprednisolone was statisti-
cally more effective in relieving pain than triam-
cinolone until 6 weeks after injection. In another 
studies, comparing the efficacy of TH and meth-
ylprednisolone acetate (MA) injections in knee 
OA, both IA therapies have similar efficacy in 
relieving pain and improving function, and 
improvement in pain and function can be sus-
tained for up to 24 weeks [56, 57]. From these 
clinical results, the effects of choice of CS prepa-
ration on the treatment of knee OA are not much 
different. Doses needed have not been systemati-
cally studied. One study showed that an 80 mg 
dose of TA had no additional benefit compared 
with 40 mg as treatment for knee arthritis [58]. 
Some general dosing guidelines and CSs prepa-
rations are provided in Table 10.2.

Procedural Precaution There are no contrain-
dications to use of IA CS therapy. However, if 
there is infection in or around the joint, IA CS 
injection should be postponed. Other potential 
complication risk factors, such as allergy, coagu-
lopathy/anticoagulant use, very poorly controlled 
diabetes, possible fracture, or uncooperative 
patient should be considered [49]. IA CSs for 
knee OA are mostly administered with local 
anesthetics (lidocaine or bupivacaine). There are 
concerns that the preservatives in some local 

Table 10.1 Pharmacokinetics of intra-articular inject-
able corticosteroids

Corticosteroids

Intra-articular 
injection 
dosage

Pharmacokinetic 
parameters in 
plasma

Triamcinolone 
acetonide

t½ 3.2–6.4d;
10 mga

20 mga

40 mga

MRT 3.2d, CL 
(L/h) 66.7, AUC 
(ng.d/ml) 6.5
MRT 4.3d, CL 
(L/h) 38.8, AUC 
(ng.d/ml) 22.4
MRT 3.9d, CL 
(L/h) 62.9, AUC 
(ng.d/ml) 26.8

40 mg/1 mlb Cmax 11.06 ng/ml, 
tmax 6 h, t½ 3.02d, 
MRT 2.5d, CL 
([ml/h]/kg) 
0.0000, AUC 
(pg.h/ml) 1248.9

Triamcinolone 
hexacetonide

t½ 4.6d
20 mga

40 mga

MRT 6.0d, CL 
(L/h) 75.0, AUC 
(ng.d/ml) 9.8
MRT 6.1d, CL 
(L/h) 67.5, AUC 
(ng.d/ml) 20.6.

Extended release 
microsphere- 
based formulation 
triamcinolone 
acetonide 
(FX006)

32 mg/4 mlb Cmax 0.97 ng/mL, 
tmax 7 h, t½ 14.5d, 
MRT 19d, CL 
([ml/h]/kg) 
0.00012, AUC 
(pg.h/ml) 543,1

Betamethasone 7 mga t½ 6.3d, MRT 
2.8d, CL (L/h) 
12.1, AUC 
21.0 ng.d/ml

d day, h hour, Cmax maximum concentration observed after 
drug administration, tmax median time to maximum con-
centration (Cmax), t½ the time takes for the plasma concen-
tration to decrease by 50%, MRT mean residence time) 
arithmetic mean of the duration that a compound resides 
in the body before being eliminated, CL (total body or 
systemic clearance) rate of elimination from the body nor-
malized to the concentration of the compound in plasma, 
AUC area under the curve
aDerendorf et al. [51]
bKraus et al. [52]
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anesthetic preparations can cause aggregation 
when combined with other compounds. However, 
CS crystals do not aggregate or change particle 
size when mixed with local anesthetics [59]. 
Other concern is chondrotoxic effect of local 
anesthetics, which had been occurred after a sin-
gle IA injection of 0.5% bupivacaine [60]. Rest 
and/or ice pack application for 24–48 h after IA 
CS injection are commonly advised because it 
helps delaying clearance of the agent from the 
joint space theoretically. One study reported that 
IA steroid injection into the knee joint followed 
by strict inpatient bed rest for 24 h results in a 
greater degree of clinical and serological 
improvement, compared to outpatient injections 
for up to 6 months [61]. But there is no strong 
evidence for non-weight bearing after IA CS 
injection of knee [62].

Efficacy and Clinical Guideline IA CS injec-
tion for symptomatic treatment of knee OA has 
been successfully used for over 60 years. 
However, questions about the efficacy of this 
treatment have been raised. This treatment could 
improve symptoms in a short period of time, but 
it did not help with the treatment of fundamental 
arthritic lesions. Moreover, this method masks 
the patient’s pain, allowing them to resume activ-
ity, but it has the potential to cause further 
destruction to the joint. Several systematic 
reviews showed a short-term effect of IA CS 
injection for treatment for knee OA. There is evi-
dence of pain reduction between 2 and 3 weeks, 
but a lack of evidence for efficacy in functional 
improvement. Longer term (from 4  weeks on) 
benefits have not been confirmed [63]. Up to 
4 weeks after injection, IA CS appears to be rela-
tively more effective for pain than IA HA.  By 
week 4, both approaches have equal efficacy, but 
after week 8, HA has more effective. 
Understanding this tendency is useful to clini-
cians when treating knee OA [64]. IA CS injec-
tions were significantly and clinically efficacious 
at reducing knee OA pain for at least 1 week [53]. 
However, an updated meta-analysis study showed 
that, although IA CS injection seemed to offer 
small-to-moderate benefits over placebo for up to 
6  weeks, it was unclear whether the difference 

was clinically important. The authors also con-
cluded that there is no evidence that an effect 
remains 6 months after a CS injection [65]. 
Although the therapeutic effects from IA CSs are 
typically short-lived, a newly developed TA-ER 
is formulated in poly lactic-co-glycolic acid 
(PLGA) microspheres that slowly release TA in 
the synovium, enabling them to exist for a long 
time in the joint [66]. A single, 5 mL IA injection 
TA-ER 32 mg (Zilretta®) significantly improved 
pain, stiffness, and physical function in patients 
with knee OA compared to placebo over 24 weeks 
and reduced CS-related systemic AEs such as 
blood glucose elevation [67].

There are many factors affecting the response 
after IA CS injection. The presence of effusion, 
absence of synovitis, US guided injection, and 
greater symptoms at baseline may all improve the 
response to IA CS injection [68]. Clinical bene-
fits of IA injections in patients with obesity and/
or advanced arthritis are less predictable [69]. 
Compared with those who have mild joint dam-
age, persons with more severe joint damage on 
either X-ray or MRI are less likely to respond to 
knee IA CS injection [70].

In 2013, American Academy Orthopaedic 
Surgeon (AAOS) guideline had published that 
there is inconclusive evidence (unable to recom-
mend for or against) to support the use of IA CS 
injection for knee OA [71]. On the contrary, 
Osteoarthritis Research Society International 
(OARSI) guidelines showed that IA CS injec-
tions were appropriate and the quality of the evi-
dence of its use was good [72]. Despite AAOS 
guideline for use of IA CS, many orthopedic sur-
geons have poor compliance to the guideline, 
resulting in lack of treatment consensus and con-
tinued use of modalities with no proven patient 
benefits [73]. Adherence to the recommendations 
contained within the AAOS guidelines was mod-
est regardless of the Kellgren-Lawrence (KL) 
grade or history of treatment. IA injection with 
either CSs or HA was the most common inter-
vention (32%) despite inconclusive to strong rec-
ommendation against their use [74]. A recently 
updated OARSI guidelines has published that IA 
CS injections are conditionally recommended for 
acute (1–2  weeks) and short-term (4–6  weeks) 
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pain relief [75]. In 2019, European Society for 
Clinical and Economic Aspects of Osteoporosis, 
Osteoarthritis and Musculoskeletal Diseases 
(ESCEO) proposed a weak recommendation to 
the use of IA CSs, in the case of contraindications 
to NSAIDs, or if the patient is still symptomatic 
despite use of NSAIDs. IA CSs are more effec-
tive than IA HA in the first 2–4 weeks of treat-
ment and its efficacy may be higher in patients 
with more severe pain [76]. IA CSs for knee OA 
are conditionally or weakly recommended for 
short-term effect for symptomatic treatment 
regarding recently updated guidelines, even 
though 2012 American College of Rheumatology 
(ACR) guidelines strongly recommended IA glu-
cocorticoid injections for knee OA [2].

Adverse Events Local AEs to IA CSs are 
postinjection flares, infectious arthritis, subcuta-
neous lipoatrophy, and chondrolysis. The inci-
dence of postinjection flares is about 2–6% of 
patients, which has been known as a result from 
chemical irritation of crystals including steroids 
suspension. Infectious arthritis is an uncommon 
complication of which incidences range from 
1  in 3000 to 1  in 50,000. Symptoms of septic 
arthritis occur 3–4 days after injection, so they 
are distinguished from postinjection flare, where 
symptoms occur within 24  h of postinjection. 
Subcutaneous lipoatrophy is sometimes observed 
on extra-articular injection and may be more 
common with less soluble agents, such as the tri-
amcinolone compounds. Cartilage destruction 
might occur after excessive use of IA CS injec-
tion, which is caused by the catabolic effect of 
the agent. Among patients with symptomatic 
knee OA, comparing IA triamcinolone and IA 
saline over 2 years, the group using IA triamcino-
lone had significant loss of cartilage volume 
compared to IA saline group, but there was no 
significant difference in knee pain [77]. However, 
no significant deleterious effects of the steroids 
on the anatomical joint structure were observed 
in patients receiving TA injections every 3 months 
for up to 2 years for knee OA [78].

Physicians commonly administer IA CS injec-
tions to patients who are candidates for total knee 
arthroplasty (TKA) but may be unaware of the 

potential long-term complications. The incidence 
of infection within 3 months and 6 months after 
TKA within 3 months of knee injection was sig-
nificantly higher. Ipsilateral knee injection within 
3 months prior to TKA is associated with a sig-
nificant increase in infection [79]. Preoperative 
CS or HA injection 3  months before TKA 
increased the risk of periprosthetic joint infection 
[80]. Therefore, pre- and peri-operative IA CS 
injections might be associated with a higher inci-
dence of postoperative periprosthetic infection, 
so caution is advised [81].

Systemic effects after IA CSs are uncommon. 
However, attention should be paid to the AEs of 
systemic absorption of CSs after injection. 
Typically, it can reduce the inflammatory 
response of other joints and inhibit the hypotha-
lamic–pituitary axis. In one study, plasma corti-
sol was low 2 weeks after an IA injection of TH 
(20 mg) and 4 weeks after an injection of methyl-
prednisolone acetate (40  mg) [82]. Systemic 
effects, such as flushing, CS-induced osteoporo-
sis, myopathy are not a major concern in patients 
receiving reasonable numbers of IA CS injec-
tions. Although CSs can occasionally affect 
blood glucose level, diabetic patients who 
received IA injections of methylprednisolone 
acetate did not detect a significant effect on blood 
glucose levels [49].

10.4.1.2  Hyaluronic Acid
HA is a high MW molecule that naturally occurs 
within the cartilage and the synovial fluid. It is a 
linear glycosaminoglycan composed of repeating 
disaccharides of β-D-glucuronic acid and β-D-N- 
acetyl-glucosamine. In normal human synovial 
fluid, the MW of HA range from 6500 to 
10,900  kDa, and the concentration is 2.5 to 
4.0 mg/ml [83]. High molecular weight (HMW) 
HA has viscoelastic properties. It behaves as a 
viscous liquid at low shear rates (lubricant) and 
as an elastic solid at high shear rates (shock 
absorber). In OA, the MW of synovial fluid HA is 
reduced to 2700 to 4500  kDa and cleared at 
higher rates than normal. The average half-life of 
HA is about 20  h in the normal synovial joint, 
while this half-life is reduced to 11–12 h in the 
inflamed joint [84]. As a result, viscoelastic prop-
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erties of the fluid in OA joint are decreased [85]. 
Exogenous IA HA is available as a treatment for 
the symptoms of knee OA because it helps to 
restore the viscoelasticity of the synovial fluid, 
which called viscosupplementation [86]. In the 
past, US Food and Drug Administration(FDA) 
approved injectable HA as medical device 
because of its viscosupplement effect. In Dec 
2018, US FDA reclassified IA HA as drug 
because current published scientific literature 
supports that HA achieves its primary intended 
purpose of treatment through chemical action 
within the body.

Action Mechanism IA HA has not only 
mechanical role as viscosupplement, but also 
chemical role, which suppresses inflammation 
and promotes HA production. HA injected into 
the joint cavity restores the normal viscoelastic-
ity of pathological SF, which called “viscosup-
plementation”. Viscosupplements also have 
disease-modifying effects, such as reducing 
synovial inflammation, preventing cartilage ero-
sion, and promoting IA HA production [87]. In 
addition to these roles, IA HA therapy produces 
anti-inflammatory effects through a multifacto-
rial mechanism of action mediated through 
receptor-binding relationships with cluster deter-
minant 44 (CD44), toll-like receptor 2 (TLR2) 
and 4 (TLR-4), intercellular adhesion molecule-1 
(ICAM-1), and layilin (LAYN) cell surface 
receptors. HMW HA promotes anti- inflammatory 
responses inhibiting the expression of proinflam-
matory cytokines, matrix metalloproteinases, 
prostaglandins, and nitric oxide, whereas short 
HA oligosaccharides produce inflammatory reac-
tions [88]. Also, other action mechanism of HA 
has been suggested that exogenous HA decreased 
joint pain by directly suppressing of nociceptors 
and reducing the synthesis of bradykinin and 
substance P [89].

Hyaluronic Acid Formulations for Intra- 
articular Injection Ideal injectable HA for 
knee OA is capable of recreating the full range of 
biological activities attributed to naturally occur 
HA.  MW and concentration of HA should be 
considered before choosing HA formulation 

because it may be one of the most important dif-
ferentiating characteristics between HA formula-
tions. MW and concentration in the HA 
formulation is important for recreating the effects 
of endogenous HA for joint homeostasis. 
Exogenous HA of higher MW (>5 × 105 Da) may 
not only exert a greater protective effect but also 
encourage endogenous HA production. Also, 
higher HA concentration makes recreating the 
activities of endogenous HA and stimulating 
endogenous HA production [90]. There are sev-
eral injectable HA formulations used for clinical 
use (Table  10.3). Each product differs in many 
characteristics, including source (rooster combs 
versus bacterial bio-fermentation using modified 
organisms), mean MW ranging from 500–
6000 kDa, distribution of MW, structure of mol-
ecule (linear, cross-linked, or both), cross-linking 
method, concentration (0.8–30  mg/mL), injec-
tion dose (0.5–6.0 mL), number of injection [91]. 
Number of injection per treatment course varies 
from 1 to 5 injections per week according to the 
particular product being used. The number of 
injections is usually in accordance with the man-
ufacturer’s instructions. HA can also be injected 
repeatedly. Meta-analysis study showed that 
repeated IA injections of HA are effective and 
safe treatment for knee OA [92]. The US FDA 
has approved repeat courses of IA HA injection; 
however, many insurance plans require at least a 
6-month interval between treatments [93]. 
Although cross-linked HA or HMW HA has been 
known for its effectiveness regarding improve-
ment of pain and function, series of systematic 
and meta-analysis study did not show a superior 
effectiveness comparing to non-crosslinked HA 
or LMW HA [94–96]. There is no reliable evi-
dence that any one brand of viscosupplement is 
superior to other brands.

Indications, Contraindications, and Adverse 
Events IA HA is FDA approved for the treat-
ment of knee OA in patients who have failed con-
servative non-pharmaceutical therapy or simple 
pain medication. Patients with mild-to-moderate 
OA (grades 1–2) and those responding positively 
to the first injection were twice as likely to 
respond positively to the injection series. Patients 
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who did not show improvement by injection ther-
apy were more likely to undergo arthroplasty 
[97]. However, patients 65 years of age or older 
and those with terminal stage of OA (complete 
loss of joint space) were less likely to get better 
with IA HA injections [98]. In addition, IA HA 
injections are less favorable for patients with sig-
nificant inflammation or suspected synovitis and 
those with advanced patellofemoral OA with 
anterior knee pain tend to be less effective [99]. 
IA HA injection is contraindicated in patients 
with known hypersensitivity to hyaluronate prod-
ucts, patients with targeted knee or around infec-
tions, bacteremia patients, children, pregnant or 
lactating women [100].

Serious AEs after IA HA injection are rare but 
minor one is not uncommon. Minor AEs include 
pain at the injection site, local joint pain and 

swelling, and local skin reactions, which are usu-
ally subsided with rest, cold compression, or anal-
gesics. More serious AEs are infectious arthritis 
and pseudoseptic arthritis. Joint infection after IA 
HA injections is rare. Pseudoseptic arthritis 
occurred in 1–3% of patients, which are clinically 
characterized by severe joint inflammation with 
pain and swelling occurring 24–72 h after an IA 
injection. These reactions usually occur after sen-
sitization with the second or third injection of a 
series or with a repeat treatment course. Infectious 
arthritis and crystalline arthropathy are ruled out 
with a negative synovial fluid examination. 
Pseudoseptic arthritis is not self-limited, requiring 
treatment with NSAIDs or an IA steroid injection 
or arthroscopic debridement. The exact cause of 
pseudosepsis after HA injection is currently not 
well understood [84]. It seems to be occurred sec-

Table 10.3 Hyaluronate in healthy and osteoarthritis synovial joint and intra-articular hyaluronic acid injections 
approved by the FDA for knee OA

Source(type) Active ingredient

Molecular 
weight (×106 
daltons)

Concentration 
(mg/mL)

Dose 
volume 
(mL)

Dose 
interval/
times

Hyaluronate in 
healthy synovial 
fluid

Natural 4.0–6.0

Hyaluronate in 
OA synovial 
fluid

Natural 1.0–4.0

Hyalgan Rooster combs Sodium 
hyaluronate

0.5–0.73 10 2 1 week /3 
to 5

Supartz Rooster combs Sodium 
hyaluronate

0.6–1.2 10 2.5 1 week /5

Synvisc Rooster combs Cross-linked 
hylan G-F 20 
(Hylan A&B)

6.0 8 2 1 week /3 
to 4

Synvisc One Rooster combs Cross-linked 
hylan G-F 20 
(Hylan A&B)

6.0 8 6 1

Orthovisc Bacterial 
fermentation/
chemical 
modification

Sodium 
hyaluronate

1.1–2.9 15 2 1 week /3

Euflexxa Bacterial 
fermentation

Sodium 
hyaluronate

2.4–3.6 10 2 1 week/3

Monovisc Bacterial 
fermentation

Cross-linked 
sodium 
hyaluronate

1.0–2.9 20 4 1

Durolane Bacterial 
fermentation

Cross-linked 
sodium 
hyaluronate

1.0 20 3 1
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ondary to increased immunogenicity associated 
with the cross- linking process used in certain HA 
formulations. A meta-analysis of AEs showed that 
the frequency of flares of pain and swelling was 
higher after IA injections of hylan (chemically 
cross- linked HA molecules with average MW up 
to 23 x 106  Da, and resulting half-lives of 
1.5–9 days) than after injections of the standard 
form of IA HA [94].

Efficacy and Clinical Guideline There have 
been several studies of the efficacy and safety 
of IA HA injection for knee OA over the past 
few decades. In a comparison of IA HA injec-
tion, oral NSAID treatment, and placebo, IA 
HA injection provided superior pain relief and 
functional improvement compared with pla-
cebo at 6-month follow-up [101]. Comparing 
to NSAIDs alone, patients treated with either 
HA supplementation alone or HA supplemen-
tation combined with NSAIDs had superior 
outcomes at 6-month follow-up [102]. In com-
parison with IA HA and CS injections, maxi-
mal benefit of steroids appeared more rapidly 
(within 2 weeks) but pain reduction and func-
tional improvement were significantly better 
with HA supplementation during the 3- to 
6-month follow-up period [103]. IA HA may 
delay the need for knee arthroplasty. The IA 
HA injection was associated with a longer 
time-to-knee arthroplasty of 8.7 months com-
pared with the no IA HA injection [104]. In 
knee OA patients, the time-to-knee arthro-
plasty was increased by the dose of HA injec-
tions. Patients who did not receive HA injection 
underwent knee arthroplasty at an average of 
0.7 years. In the patient group who received a 
single course of HA injection, the average 
time-to-knee arthroplasty was 1.4  years; 
patients who received 5 courses delayed knee 
arthroplasty by 3.6  years [105]. Furthermore, 
IA HA injection has beneficial effect on carti-
lage preservation. In patients with radiologi-
cally milder disease at baseline and receiving 
IA HA, the joint space narrowing was signifi-
cantly reduced compared with placebo [106]. 
When IA HA was injected to patients with 
symptomatic OA of the knee for 6 months, the 
results of measuring cartilage volume and car-

tilage defect using MRI showed beneficial 
effects on knee cartilage preservation [107].

Despite numerous trials and meta-analyses, the 
effectiveness of IA HA injections in knee OA 
patients remains controversial and uncertain. 
Divine et al. [108] performed a systematic review 
of the five published meta-analyses and concluded 
that although they differ in several methods for 
determining individual trial quality, each of the 
five meta-analyses presented offers scientifically 
sound level 1 evidence to support the efficacy of 
HA use in select patients with OA. IA HA injec-
tions are effective at 4  weeks, peak effect at 
8 weeks, and residues detected by 24 weeks. The 
maximum effect size is greater than the published 
effects of other OA pain relievers. Therefore, IA 
HA injections can be useful in certain clinical situ-
ations or combined with other therapies [109]. On 
the contrary, Rutjes et al. [94] concluded that the 
benefits of viscosupplement were small and clini-
cally irrelevant and associated with an increased 
risk of serious AEs. Jevsevar et al. [96] concluded 
that the clinical significance of the results related 
to pain relief and functional improvement does not 
support the routine use of IA HA because patient 
benefit of IA HA was not clinically important 
when compared with IA saline solution injections 
used as a placebo. Meta-analyses assessing the 
efficacy of IA HA have had discordant findings 
because each review used different search strate-
gies and selection criteria to identify trials for 
inclusion in the analysis [100].

Consistent with the contradictory meta- 
analyses, available guidelines also have conflicting 
recommendations, despite being based on the same 
research evidence. In the 2012 AAOS clinical prac-
tice guideline, it was determined that the evidence 
was inconclusive and a recommendation could not 
be made for or against the use of IA HA [71]. In 
2019 ACR revised guideline, IA HA injections are 
conditionally recommended for knee OA patients 
when other alternatives have been depleted or have 
not provided satisfactory benefits [2]. The 2019 
OARSI guidelines conditionally recommended IA 
HA for all patients at different stages of treatment 
depending on their comorbidity profiles. For exam-
ple, in patients with knee OA who have no comor-
bidities, IA HA is recommended after failure to 
respond to core treatments, topical NSAIDs and 
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oral NSAIDs (including COX2 inhibitors). IA HA 
may have beneficial effects after 12 weeks of treat-
ment, and a long-term safety profile may be more 
favorable than repetitive IA CS [75]. The 2019 
ESCEO working group gives a weak recommenda-
tion to the use of IA HA in patients who have con-
traindications to NSAIDs, or those who is still 
symptomatic despite the use of NSAIDs [76].

10.4.1.3  Hyaluronic Acid- 
Corticosteroid Combination

Both HA and CS IA injections have demonstrated 
therapeutic efficacy for knee OA. According to lit-
erature, CS injections relieve pain within 
2–4  weeks after injection, but these effects 
decrease over time. On the other hand, HA injec-
tions take almost 2–3 months to induce pain relief, 
but these effects last longer [64]. Both of these 
treatments tend to be more popular, but show very 
different treatment trajectories [109]. Their combi-
nation in the management of OA symptoms may 
provide improved symptomatic relief for these 
patients, both early and late period. In a systematic 
review, the WOMAC pain score was further 
reduced at 2–4 weeks in the CS and HA combined 
group compared to the HA alone group. With a 
longer term follow-up, the WOMAC pain scores at 
24–26 and 52 weeks also preferred the combined 
CS and HA groups over HA alone. There were no 
significant differences in treatment-related AEs 
[110]. Cingal® is an HA-TH combination drug. 
Comparing to HA and saline injection, the use of 
Cingal® IA injection provided better symptomatic 
relief than placebo, as measured by the WOMAC 
pain score at 26 weeks. At 1 and 3 weeks, Cingal® 
was significantly better than HA for most end-
points but Cingal® and HA were similar in the 
6–26  weeks. The incidence of related AEs has 
been reported as low [110].

10.4.2  Other IA Treatments Including 
Small Molecules

10.4.2.1  Polydeoxyribonucleotide 
(PDRN)

Polydeoxyribonucleotide (PDRN) is a linear 
polymer consisting of a mixture of double 
stranded deoxyribonucleotides with a chain 

length of 80–2200 base pairs and a MW ranging 
between 50 and 1500 kDa [111]. PDRN is com-
monly extracted from salmon trout gonads. 
PDRN was originally introduced to enhance 
wound regeneration in difficult wound problems. 
A pharmacokinetic profile of PDRN is that 
PDRN in plasma reached its peak level at ~1 h, 
half-life is ~3.5 h, and bioavailability is 80–90%. 
It is not metabolized by the liver but is degraded 
by unspecific plasma or membrane-bound DNA 
nucleases and is finally excreted through urine 
and, to a lesser extent, feces [112]. PDRN may be 
considered a pro-drug providing active deoxyri-
bonucleotides that interact with purinergic recep-
tors, such as adenosine A2A receptors (A2ARs). 
In addition, PDRN has been shown to act by pro-
moting DNA synthesis or repairing and restoring 
cell proliferation and growth through the so- 
called salvage pathway that PDRN supplies cells 
with nucleotides and bases deriving from its deg-
radation [111]. Polynucleotides are polymers that 
can bind to a large amount of water molecules, 
and by adjusting water molecules to form a 
3-dimensional gel, when injected into the joint 
cavity, they provide moisture to the joint surface 
and can reshape the cartilage structure [113]. 
When PDRN is enzymatically decomposed, it 
releases water molecules and smaller-sized oli-
gonucleotides to maintain moisture and visco-
elasticity in the joint. In addition, PDRN protects 
basic fibroblast growth factor (bFGF) from oxi-
dation at the storage site, inhibits proinflamma-
tory factors (TNF-a, IL-6, HMGB-1) by activating 
the adenosine A2A receptor, and increases anti- 
inflammatory cytokine (IL-10) [114]. Therefore, 
PDRNs have therapeutic effects on chondrocytes 
by protecting cartilage because it can inhibit the 
degradation of proteoglycan [115]. From these 
scientific bases, IA PDRN injections to treat knee 
OA have been tried. However, there has been lit-
tle known about what is effective PDRN formula-
tions for relieving pain and function of knee 
OA.  According to the literature, the number of 
injections of PDRN used to treat knee OA varies 
from 3 to 5 times a week, injected volume ranged 
from 2 to 3  ml and a concentration of PDRN 
ranged from 5.6 to 30 mg/ml [116].

In a randomized double-blind clinical trial (DB 
RCT), 5 weekly IA PDRN (2 ml, 20 mg/ml) injec-
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tion showed better pain relief and KOOS scores 
improvement than IA HA injection at 3  months 
after the end of treatment [113]. Zazgyva et  al. 
[117] conducted a study to assess the efficacy of 
IA injections of PDRN versus HA in knee OA. IA 
PDRN (2 ml) was injected 3 weekly and followed 
till 16  weeks post-injection. The symptomatic 
and functional improvements in PDRN injection 
were superior to those obtained by HA injection. 
Giarratana et al. [118] conducted a study to inves-
tigate the equivalence of IA PDRN compared to 
standard HA injection. IA PDRN (2  ml, 20  mg/
ml) was injected 3 weekly and followed until 
26  weeks post-injection. There was statistically 
significant improvement of pain and KOOS scores 
from baseline in both treatments. PDRN injection 
showed significant KOOS symptoms subscore 
after 2 weeks while the results with HA injection 
became significant only after 18  weeks. In com-
parison with IA HA injection alone, IA injection of 
HA combined with PDRN showed better outcomes 
in VAS, WOMAC, and KSS scores at study peri-
ods. Study drugs were injected 3 times per week 
in both groups. There were no AEs and any other 
complications [119]. In another comparison study, 
KSS total score showed significantly better results 
in a combination of PDRN(10  mg/ml) and HA 
(10 mg/ml) injection, 3 times per week, compared 
with HA (20 mg/ml) alone at each follow- up time. 
However, no significant differences were observed 
for the WOMAC score between groups [120].

10.4.2.2  Hypertonic Dextrose 
(Prolotherapy)

Prolotherapy, also known as proliferative therapy, 
or regeneration injection therapy, is a comple-
mentary injection treatment for musculoskeletal 
pains. Hypertonic dextrose with concentrations 
ranging from 12.5 to 25% is the most commonly 
injected solution among prolotherapy agents. In 
this treatment, appropriate amount of hypertonic 
dextrose is injected into the painful ligament, the 
attachment of the tendon, or into the joint cavity. 
The mechanism of action behind hypertonic dex-
trose injection is not completely understood. 
Hypertonic dextrose solutions dehydrate the cells 
at the injection site and create a local inflamma-
tory cascade. This induces growth factor release, 

collagen deposition, granulocytes, and macro-
phages activity and promotes healing [121]. In 
addition, it stimulates fibroblast and vascular pro-
liferation, causing local recovery to damaged tis-
sues inside and outside of the joint, and 
contributing to joint stability by strengthening 
ligament. According to animal study, it is reported 
that cartilage specific anabolic growth is possible 
with IA dextrose injection [122]. Furthermore, 
chondrogenic effects were observed after prolo-
therapy with hypertonic dextrose injection in 
symptomatic severe knee OA patients [123]. 
Dextrose proliferant has been approved for injec-
tion by US FDA but not for prolotherapy; thus, it 
is currently used as an off-label substance in pro-
lotherapy. There are some procedural precautions 
in prolotherapy. Patients received prolotherapy 
suffered from post-injection pain. Use of pre-
scribed pre- and/or post-procedure opioid drug 
dramatically reduced injection-related pain. 
Patients with prolotherapy should not take 
NSAIDs because it interferes with healing pro-
cess (inflammation).

Reeves et  al. [124] conducted a DB RCT to 
investigate the efficacy of dextrose in knee OA 
patients with or without ACL laxity. The tibio-
femoral joint was injected with 9 ml of 10% glu-
cose 3 times bimonthly, and an additional 10% 
glucose was injected 3 times bimonthly in open- 
label fashion. They concluded that prolotherapy 
with 10% dextrose significantly improves knee 
OA clinically and statistically. Dumais et  al. 
[125] performed randomized crossover study to 
assess the effectiveness of dextrose injection to 
improve pain and function in knee OA. 1 cc of 
15% dextrose and 0.6% lidocaine were injected 
into 8 administration sites in the collateral liga-
ments and 5 cc of 20% dextrose and 0.5% lido-
caine was also administered inside the knee joint. 
They concluded that dextrose injection signifi-
cantly reduced symptoms and lasted more than 
24 weeks. Rubago et al. [126] conducted a 3-arm, 
DB RCT to assess the efficacy of 25% dextrose 
injection for knee OA. Injections were given at 1, 
5, and 9 weeks with optional sessions at 13 and 
17 weeks. Patients were given an optional 5 mg 
oxycodone tablet 30 min prior to prolotherapy to 
relieve pain during injection. Extra-articular 
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injections were performed to painful attachment 
site of tendon and ligament with up to 15 cutane-
ous punctures and total amount of 22.5 mL 
hypertonic dextrose were used. 6 mL was injected 
into the knee joint. WOMAC scores exceeded 
minimal clinically significant difference. There 
were no AEs. Sit et  al. [127] have performed a 
systematic review with meta-analysis to compre-
hensive clinical evidence of the effectiveness of 
prolotherapy for knee OA. Prolotherapy is supe-
rior to exercise alone by the WOMAC scale. 
Overall,  prolotherapy has clearly conferred ben-
eficial effects on knee OA treatment.

Prolotherapy has long been used to treat muscu-
loskeletal pain, but use in knee OA is relatively 
rare. There is a lack of scientific evidence to use 
prolotherapy generally in the treatment of knee 
OA.  Therefore, various clinical studies regarding 
dextrose concentration and dose, number and dura-
tion of injection, and specific utility of intra- com-
pared with extra-articular injections are needed in 
the future [127]. In 2019 ACR guideline, prolother-
apy is conditionally recommended for knee OA 
patients [2]. A limited number of trials with a small 
number of participants have shown small effect 
sizes of prolotherapy in knee. Moreover, injection 
schedules, injection sites, and comparators have 
varied substantially between trials.

10.4.2.3  SM04690
Wnt is an extracellular secreted glycoprotein 
whose signals act on 19 Wnt genes and various 
Wnt receptors, regulating canonical β-catenin- 
dependent and non-canonical β-catenin- 
independent signaling pathways. Both pathways 
are associated with the occurrence and develop-
ment of OA [128]. Excessive activation of 
β-catenin-dependent signaling pathways inhibits 
cartilage formation, while inhibition results in 
chondrogenesis. SM04690 is a new small mole-
cule Wnt-β-catenin signaling pathway inhibitor 
with potential as a disease-modifying OA drug 
(DMOAD) [128]. Yazici et  al. [129] reported a 
phase IIb study to assess the safety and efficacy 
of SM04690. Inclusion criteria was KL grades 
2–3, and NRS range 4 and 8. A single 2 mL IA 
injection of SM04690 (0.03, 0.07, 0.15, 0.23 mg, 
respectively), vehicle placebo, or sham (dry nee-

dle only) were given. This study showed statisti-
cally significant improvements in the 0.07  mg 
and 0.23  mg dose groups compared to vehicle 
placebo for NRS score, WOMAC pain and physi-
cal function score, and patient global 
assessment.

10.4.2.4  CNTX-4975
Capsaicin is an agonist for the transient receptor 
potential cation channel subfamily V member 1 
(TRPV1). TRPV1 is a non-specific cationic chan-
nel which is opened by heat, acids, and certain 
fatty acids [130]. This channel is selectively 
expressed at the ends of the nociceptors (pain sen-
sory fibers) in the peripheral nervous system [131]. 
CNTX-4975 is a high-purity injectable trans-cap-
saicin that targets the capsaicin receptor (TRPV1). 
The analgesic effects of capsaicin- based treat-
ments have been attributed to several different 
mechanisms (collectively referred to as the 
“defunctionalization” of nociceptive fibers), 
including the transient retraction of nerve fiber ter-
minals [131]. Stevens et al. [132] reported a phase 
2 DB RCT results. Patients ages 45–80 years who 
had moderate-to-severe OA were randomized into 
a single IA injection of placebo, CNTX-4975 
0.5 mg, or CNTX-4975 1.0 mg. At week 12, injec-
tions of CNTX-4975  in the 0.5  mg and 1.0  mg 
groups showed a greater reduction in AUC for pain 
scores compared to placebo. At week 24, signifi-
cant improvements were maintained in the 1.0 mg 
group. AEs were similar in both groups. CNTX-
4975 has shown a dose-dependent improvement in 
pain of knee OA patients. CNTX-4975 1.0 mg was 
well tolerated, with a safety profile similar to that 
of the placebo throughout the study. In conclusion, 
CNTX-4975 1.0  mg significantly reduced OA 
knee pain for 24 weeks; CNTX-4975 0.5 mg sig-
nificantly reduced pain at 12 weeks, but the effect 
was not clear at 24 weeks.

10.4.3  Biologic Treatments

Biologics are defined as any pharmaceutical drug 
product manufactured, extracted or semi- 
synthetic from biological sources. Different from 
totally synthesized pharmaceuticals, they include 
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vaccines, whole blood and its components, aller-
gens, somatic cells and tissues, gene therapies, 
recombinant therapeutic protein, and live medi-
cines used in cell therapy. Biologics may consist 
glucoses, proteins, nucleic acids, or complex 
combinations of these substances, or may be liv-
ing cells or tissues. Biologics have some promis-
ing applications to pain relief and healing of 
damaged tissues in many different areas of health 
and medical research [133]. OA is caused by an 
imbalance between anabolic and catabolic fac-
tors, and biologics target certain catabolic proin-
flammatory mediators or affect anabolism more 
generally. Moreover, biologic agents have dra-
matic effects in other inflammatory arthritis such 
as rheumatoid arthritis. Taking into consideration 
of this point, biologic agents are thought to have 
similar effects in treating OA [45]. Biologics 
used for treatment of knee OA are categorized 

into non-cellular therapy or cell therapy. Non- 
cellular therapy includes human serum albumin, 
growth factors, cytokine antagonists. Cell ther-
apy includes cell concentrates as autologous 
point-of-care cell therapy, expanded cell therapy 
as mesenchymal stromal (or stem) cells (MSCs), 
and gene therapy. Cell therapies can be classified 
by the method used to produce them or by their 
relative heterogeneity compared with the source 
tissue [9] (Fig. 10.6).

10.4.3.1  Non-Cellular Therapy

Human Serum Albumin (LMWF-5A)
LMWF-5A (Ampion®) is an injectable, low MW 
fraction of 5% human serum albumin, of which 
constituent, aspartyl-alanyl diketopiperazine, 
modulated the inflammatory immune response 
in vitro through a molecular pathway implicated 

Fig. 10.6 Biologic treatments for knee osteoarthritis. 
Biologics for knee OA are categorized into non-cellular 
therapy or cell therapy. Non-cellular therapy includes 
human serum albumin, growth factors, cytokine antago-
nists. Cellular therapy includes cell concentrates as autol-
ogous point-of-care cell therapy, expanded cell therapy as 

mesenchymal stromal (or stem) cells, and gene therapy. 
rhFGF recombinant human fibroblast growth factor, IL 
interleukin, TNF tumor necrotizing factor, APS autolo-
gous protein solution, BMAC bone marrow aspirate con-
centrate, MSC mesenchymal stem/stromal cell, PRP 
platelet-rich plasma, SVF stromal vascular fraction
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in T-lymphocyte anergy [134]. Comparing to 
saline injection, LMWF-5A injection group 
showed significantly better WOMAC pain scores 
at week 12 (estimated difference from control 
−0.25, P = 0.004). LMWF-5A effect on pain was 
more pronounced in severe knee OA patients. 
AEs were generally mild and similar in vehicle 
control group (47%) and LMWF-5A group 
(41%) [135]. Another RCT resulted that 71% of 
severe knee OA injected LMWF-5A met the 
OMERACT-OARSI responder criteria, exceed-
ing the 30% threshold (p < 0.001) and at week 
12, there were significantly more responders in 
the LMWF-5A group than saline control group 
(65% vs. 43%, p < 0.001). There were no reported 
drug-related serious AEs. Overall, the available 
data suggest that the short-term effects of 
LMWF-5A may be non-inferior (although not 
likely to be superior) to currently used IA treat-
ment modalities. However, the long-term effects 
of LMWF-5A have not yet been determined 
[136].

Growth Factor Therapy

rhFGF18 (Sprifermin)
Sprifermin (recombinant human fibroblast 
growth factor 18; rhFGF18) specifically binds to 
fibroblast growth factor receptor 3 (FGFR-3) in 
cartilage and activates promoting chondrogenesis 
and cartilage matrix production in vitro. Post hoc 
analyses of the phase I data showed that the patel-
lofemoral joint had less worsening from baseline 
to 12 months, and bone marrow lesions showed 
further improvement in the whole knee joint from 
6 to 12  months [137]. A 5  years FGF-18 
Osteoarthritis Randomized Trial with 
Administration of Repeated Doses (FORWARD) 
study was conducted with 40–85 years of symp-
tomatic radiological knee OA patients were 
selected as eligible participants and KL grade 2 
or 3. Five groups were randomized into IA injec-
tions of 100  μg of sprifermin every 6 or 
12  months, 30  μg of sprifermin every 6 or 
12  months, or placebo every 6  months. Each 
treatment consisted of weekly injections over 
3 weeks. After 2 years, compared with placebo, 
there was a significant increase in total tibio-

femoral cartilage thickness for 100 μg of sprifer-
min injection every 6 months group (0.05 mm) 
and every 12  months group (0.04  mm). There 
was no statistically significant difference in the 
mean absolute change from baseline in the total 
WOMAC score compared to placebo. Arthralgia 
was the most frequently reported AEs. Sprifermin 
is a potential anabolic IA disease-modifying OA 
drug but of uncertain clinical importance; the 
durability of response also was uncertain [138].

Cytokine Antagonist

Interleukin (IL)-1β Antagonist
IL-1β is a key mediator of the inflammation and 
catabolic processes that lead to cartilage degrada-
tion and destruction of joint tissues. It might 
directly mediate the erosive processes that lead to 
OA [139]. Systemic administration of IL-1 recep-
tor antagonist (IL-1Ra), anakinra, may reduce 
joint inflammation and slow down the erosive 
process of the disease, such as rheumatoid arthri-
tis. IA anakinra injection can have beneficial 
effects on symptoms and structural alterations in 
canine OA model [140]. In a randomized, multi-
center, double-blind, placebo-controlled trial, 
pharmacokinetic profile of anakinra showed that 
the mean terminal half-life of it in serum after IA 
injection was ~4  h. The mean WOMAC score 
improvement from baseline to 4 weeks was not 
statistically different between the placebo group 
and injecting anakinra 50 or 150  mg group. 
Moreover, anakinra was well tolerated [141].

Tumor Necrotizing Factor (TNF) Antagonist
TNF is known to play an important role in carti-
lage matrix degradation in OA. It has the function 
of inducing the production of cytokines such as 
IL-6, matrix metalloproteinase and prostaglan-
dins, and inhibiting the synthesis of proteogly-
cans and type II collagen [142]. Lindsley et  al. 
[143] reported IA infliximab for knee OA showed 
significant improvement in the total WOMAC 
score by 8 weeks and baseline synovial cellular-
ity and CRP also correlated with improvement. 
Comparing to single IA HA injection, single 
injection of IA etanercept in moderate-to-severe 
knee OA showed that VAS and WOMAC scores 
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did not differ significantly between groups, but 
significant pain relief was shown in the etaner-
cept injection group at 1 and 2  weeks by VAS 
[144]. Single IA injection of 10 mg adalimumab 
compared to 25 mg single IA injection of HA in 
moderate-to-severe knee OA showed improve-
ments in VAS and WOMAC scores [145]. In 
2019 ACR guideline, TNF inhibitors and IL-1 
receptor antagonists are strongly recommended 
against in knee OA patients [2]. Their efficacy 
was not proved and its risk was known.

10.4.3.2  Cellular Therapy
There has been many limitations in treating 
chronic diseases such as OA using standard drug. 
There have been attempts to overcome these limi-
tations with regenerative medicine, such as cell 
therapy. Cell therapy is one of the fields of regen-
erative medicine, and there has been a lot of 
interest and research recently. However, cell ther-
apy has a variety of unresolved issues in cell 

sources, manufacturing processes, administration 
methods, bioavailability, clinical results, etc. IA 
Cell therapy includes cell concentrates, MSCs, 
and gene therapy. Cell therapies can be classified 
by cell sources or by specific cell type from tis-
sues or by cell processing methods [9] (Fig. 10.7). 
Cell sources maybe autologous avoiding immune 
response issues and disease transmission or allo-
geneic to eliminate donor-site morbidity and to 
maximize availability. Cells can be used as point-
 of care therapy with non- or minimal manipu-
lated cell concentrates or as cell therapy with 
manipulated in ex  vivo (expanded in culture) 
[146]. The most utilized IA injection cell thera-
pies for knee OA include the use of concentrates 
of peripheral blood, bone marrow aspirate con-
centrates (BMAC), and stromal vascular fraction 
(SVF) from adipose tissue which comprise stem 
cells, growth factors, and cytokines. They can be 
obtained with minimal manipulation in the clin-
ics, without the need to isolate and expand the 

Fig. 10.7 Intra-articular cell therapies. Cell therapies can 
be classified by the method used to produce them or by 
their relative heterogeneity compared with the source tis-
sue. Cellular therapy includes cell concentrates as autolo-
gous point-of-care cell therapy, expanded cell therapy as 
mesenchymal stromal (or stem) cells, and gene therapy. 
Autologous point-of-care cell therapies are heterogeneous 
mixtures containing cells (or cell products) that are 
derived from autologous blood, bone marrow, or adipose 

tissue. Expanded cell therapies are the cultivation and use 
of cells with MSC characteristics under ex vivo culture. 
MSCs must be plastic-adherent, express or lack specific 
cell surface markers, and be capable of trilineage differen-
tiation into osteoblasts, adipocytes, and chondrocytes 
in vitro. BMAC bone marrow aspirate concentrate, MSC 
mesenchymal stem/stromal cell, PRP platelet-rich plasma, 
SVF stromal vascular fraction
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cells, and immediately implanted in the patient as 
point-of-care cell therapies [146]. Because the 
number of MSCs extracted directly from tissues 
is too small to be used and it is difficult to distin-
guish MSCs, they are cultivated to distinguish 
cells with MSC characteristics and used for clini-
cal use. Cell concentrates are the least processed 
and most heterogeneous therapies, whereas 
MSCs are the most processed and least heteroge-
neous. Within each treatment category, therapies 
(and the regulations that apply to clinical use) 
tend to differ significantly [9].

Stromal Vascular Fraction
Stromal vascular fractions (SVF) are derived 
from lipoaspirate and harvested with liposuction 
devices in the abdomen or flank under local anes-
thesia. The lipoaspirate is washed, processed 
with collagenases, and then placed into a centri-
fuge. Centrifugation allows for identification and 
collection of the SVF, which contains a heteroge-
neous cell population including MSCs, endothe-
lial cells, and endothelial precursors. Alternative 
systems can use mechanical rather than enzy-
matic processes to break down adipose tissue or 
can use filtration rather than centrifugation to iso-
late the SVF. The resultant SVF ideally contains 
no adipocytes and has only low concentrations of 
leukocytes and extracellular matrix [147]. 
However, SVF is highly heterogeneous and only 
~15–30% of the cellular content is stromal cells. 
Moreover, although adipose-derived stromal 
cells can be purified from SVF, be aware of the 
difference between SVF and adipose-derived 
stromal cells [148].

There are a few clinical research evaluating 
the efficacy of SVF on treatment for knee 
OA. Pak et al. [149] conducted a case series of 
treating knee OA patients with autologous adi-
pose SVF and regenerating cartilage-like tissue. 
That showed the VAS, functional rating index 
(FRI), and ROM were improved and MRI evi-
dence of cartilage regeneration was observed 
after 3 months. Koh et al. [150] conducted a case 
series for evaluating the effectiveness of SVF on 
knee OA using clinical outcome and second look 
arthroscopy. This study showed clinical parame-
ters significantly improved at 2-year follow-up. 

Furthermore, 87.5% of elderly patients improved 
or maintained cartilage status at least 2  years 
postoperatively. Michalek et al. [151] performed 
a multicenter case-control study involving 1114 
knee and hip OA patients from four different 
countries. The clinical outcomes such as pain, 
use of nonsteroidal analgesics, limping, joint 
movement and stiffness, all improved at 
12 months after treatment. Garza et al. [152] per-
formed a DB RCT for evaluating whether IA 
SVF injection improves knee OA symptom and 
this improvement would be dose dependent. 
They reported IA SVF injections can signifi-
cantly decrease knee OA symptoms and pain for 
at least 12 months, dose dependently. There were 
no changes in cartilage thickness on MRI evalua-
tion and no serious AEs occurred. However, one 
of the major drawbacks relating to autologous 
adipose SVF in the treatment of knee OA is the 
absence of accessibility of RCTs. Due to these 
limitations, despite successful results by these 
reports, it is not yet easily accepted as main-
stream treatment [153].

Bone Marrow Aspirate Concentrate
Bone marrow aspirate (BMA) contains a mixture 
of cellular components including platelets, WBC, 
RBC, adipose cells, hematopoietic and non- 
hematopoietic precursors. Bone marrow aspirate 
concentrates (BMAC) is a centrifugation form of 
BMA and contains platelets, growth factors, and 
multipotent MSCs. However, multipotent MSCs 
in the BMAC comprise merely 0.001–0.01% of 
mononuclear cells within bone marrow aspirate. 
Numerous growth factors, such as TGF-β, PDGF, 
IL-1β, insulin growth factor-1 (IGF-1), fibroblast 
growth factor-18, bone morphogenetic protein-2 
(BMP2) and BMP-7, have been identified in 
BMAC.  BMA taken usually from the posterior 
iliac crest has the highest concentration of multi-
potent MSCs. The aspirate then undergoes cen-
trifugation. After that, resultant concentrates were 
injected into the joint as a fluid or delivery of cells 
through an implantable scaffold. The wide varia-
tion in BMAC preparation protocols and lack of 
standardization methods make comparisons diffi-
cult because the true biological potential of each 
product in a patient is unknown [133].
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Rodriguez-Fontan et  al. [154] performed a 
case series to assess the clinical outcomes of IA 
injection of BMAC for the treatment of early 
knee OA.  IA injections of BMAC for the treat-
ment of early knee were safe and demonstrated 
satisfactory results in 63.2% of patients. Kim 
et  al. [155] conducted a case series study 
 evaluating the clinical efficacy of the IA injection 
of autologous BMAC with adipose tissue. This 
study showed improvement in the VAS pain 
scores, IKDC scores, Lysholm scores, and SF 36 
at post-injection 12 months. The improvement of 
VAS pain score was less in grade IV OA patients, 
which means that BMAC is more effective in 
mild to moderate OA.  Centeno et  al. [156] 
reported improvement in Lower Extremity 
Functional Scale scores and lower mean NRS 
scores, and low rate of AEs in BMAC with and 
without adipose grafts. Addition of an adipose 
graft to the BMAC did not provide a detectible 
benefit over BMAC alone. Shapiro et  al. [157] 
conducted a single-blind, saline injection 
placebo- controlled, RCT for evaluating the effi-
cacy and safety of BMAC in knee OA.  Their 
results showed that the VAS pain and OARSI 
Intermittent and Consistent Osteoarthritis Pain 
scores improved in both knees at 1 week, 3 and 
6 months from baseline. However, there are no 
differences between BMAC and placebo injec-
tions. There were no serious AEs from the BMAC 
procedure. The same group of authors also con-
ducted a DB RCT to evaluate cartilage appear-
ance using MRI T2 quantitative mapping 
following these patients up to 12 months. No sig-
nificant differences were found on T2 quantita-
tive MRI mapping between the saline control and 
BMAC knees [158]. From these clinical studies, 
although the use of BMAC in the treatment of 
symptomatic OA demonstrates promising early 
clinical outcomes, no clear regenerative benefits 
have been showed to date.

Platelet-Rich Plasma
Platelets are small, nonnucleated cells in periph-
eral blood and its main function is a role in hemo-
stasis. Platelets contain a number of proteins, 
cytokines, and other bioactive factors and normal 
platelet counts in blood range from 150,000 to 

350,000/μL [159]. Plasma is the liquid part of the 
blood including clotting factors, other proteins, 
and ions. PRP, with a platelet concentration of at 
least 1,000,000 platelets/μL in 5 mL plasma, has 
a positive effect on tissue healing and regenera-
tion. PRP includes a high concentration of plate-
lets, which has more than 1100 proteins like 
growth factors. PRP increases growth factor con-
centration 3–5 times [160]. Platelets play an 
important role in the initiation of healing as they 
form scaffolds for the formation of clot, leading 
to the chemotaxis of appropriate cytokines. 
Platelet α-granules include growth factors and 
anti-inflammatory cytokines such as IGF-1, IGF- 
2, vascular endothelial growth factor, TGF-β, 
FGF, endothelial growth factor, and PDGF. These 
are released at the healing site and have been 
found to help promote the growth of autologous 
chondrocytes, MSCs, and extracellular matrix 
components like proteoglycans, type I and II col-
lagen [161].

For PRP preparation, autologous venous 
blood was centrifuged to enrich platelets above 
the levels normally found in serum. Because the 
density of whole blood components is different, 
spinning the whole blood by density gradient 
centrifugation can separate each component into 
different layers: platelet-poor plasma, buffy coat, 
and RBCs. A buffy coat is located between the 
platelet-poor plasma and RBCs and it contains 
the highest concentration of platelets. PRP can be 
obtained in two forms: plasma based and buffy 
coat preparations. Plasma-based methods of PRP 
work to isolate only plasma and platelets while 
excluding leukocytes. The buffy coat-based 
method separates the platelet-poor plasma layer 
and the buffy coat layer, containing both white 
and red blood cells. The blood composition and 
humoral factors of PRP vary depending on the 
method used, and according to the leukocyte con-
tent, PRP is classified as pure PRP, leukocyte- 
poor PRP (LP-PRP), and leukocyte-rich PRP 
(LR-PRP) [162]. Although contrasting scientific 
evidence exists for PRP injections for knee OA 
from several studies, the efficacy of IA PRP 
injections has been widely reported. Dai et  al. 
[163] conducted a meta-analysis to assess the 
efficacy and safety of PRP for symptomatic knee 
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OA.  They reported PRP and HA had similar 
effects with regard to pain relief and functional 
improvement. However, at 12 months after injec-
tion, PRP had better pain and functional improve-
ment than HA, and the improvement effect of 
WOMAC pain and functional score exceeded 
Minimal Clinically Important Difference (MCID) 
(−0.79 for WOMAC pain and −2.85 for WOMAC 
functional score). Compared to saline injection, 
PRP was more effective in pain and functional 
improvement at 6 and 12 months after injection, 
and the improvement effect of WOMAC pain and 
functional score exceeded MCID.  PRP did not 
have a higher risk of AEs compared to HA and 
saline. Tang et  al. [164] performed a meta- 
analysis study to evaluate the clinical efficacy of 
PRP injection compared with HA injection for 
knee OA. They concluded that IA PRP injection 
appeared to be more efficacious than HA injec-
tion for the treatment of knee OA in terms of 
short-term functional recovery. Moreover, PRP 
injection was superior to HA injection in terms of 
long-term pain relief and functional improve-
ment. In addition, PRP injection did not increase 
the risk of AEs. The level of evidence was moder-
ate or low due to the heterogeneity and/or study 
design limitations. So even though profits are 
conclusive, the degree of benefit must be studied. 
Filardo et  al. [165] conducted a meta-analysis 
study to evaluate effectiveness of PRP injections 
for knee OA compared to placebo and other IA 
treatments. This study resulted in WOMAC score 
favored PRP, with a statistically and clinically 
significant difference versus placebo at 12 months 
follow-up (P = 0.02) and versus HA at 6 months 
(P < 0.001) and 12 months (P < 0.001) follow- 
ups. A clinically significant difference favoring 
PRP versus steroids was documented for VAS 
pain (P < 0.001), KOOS pain (P < 0.001), func-
tion in daily activities (P = 0.001), and quality of 
life (P < 0.001) at 6 months follow-up. However, 
superiority of PRP did not reach the MCID for all 
outcomes, and quality of evidence was low.

The different preparation of PRP leads to dif-
ferent concentrations of platelets, WBCs, and 
RBCs, which might affect clinical outcomes. 
Riboh et al. [166] performed a meta-analysis to 
compare the clinical outcomes between HA, 

LP-PRP, and LR-PRP for treatment of knee 
OA. The authors reported clearly better WOMAC 
scores in LP-PRP than the HA or placebo, but no 
such difference was observed with LR-PRP. Both 
PRP preparations resulted in higher incidences of 
AEs than HA but there was no difference in AEs 
between LP-PRP and LR-PRP. Belk et  al. con-
ducted a meta-analysis study to compare the effi-
cacy of PRP and HA injections for the treatment 
of knee OA and evaluate the clinical outcomes 
according to leukocyte concentration. They con-
cluded IA PRP injection showed better outcomes, 
such as WOMAC score, VAS and subjective 
IKDC score, at 11  months post-injection. 
Moreover, LP-PRP was associated with signifi-
cantly better subjective IKDC scores versus 
LR-PRP.

The results of the meta-analysis studies show 
that the use of PRP can improve the short- and 
mid-term (6–12 months) pain scale over other IA 
treatments, such as HA injection. However, 
despite the apparent positive effects of PRP use, 
the methodological quality among studies is low, 
there is considerable heterogeneity between stud-
ies, and the diversity of PRP formulations con-
fuses the clear demonstration of clinical efficacy 
[167]. Large-scale RCTs are needed to further 
evaluate the efficacy and duration of PRP treat-
ment in patients with knee OA. The number and 
frequency of injections, the method of activation 
(for anticoagulant PRP), aspects of storage, 
plasma separation time, and concomitant therapy 
currently vary greatly from group to group and 
must be considered when planning or analyzing 
[168]. In 2019 OARSI and ACR guideline, IA 
PRP injection for knee OA is strongly recom-
mended against because the quality of evidence 
supporting these treatments is extremely low, and 
there is a lot of the heterogeneity and lack of stan-
dardization in preparations [2, 75].

Autologous Protein Solution
An autologous protein solution (APS) is a kind 
of cell concentrates made from whole blood. 
The APS consists of WBCs which contain anti- 
inflammatory proteins, platelets which contain 
anabolic growth factors, and concentrated 
plasma that contains both. This solution pro-
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duced by combination of WBCs, platelets, and 
concentrated plasma has properties of increased 
concentrations of anti-inflammatory cytokines 
and anabolic growth factors [169]. Conceptually, 
APS and LR-PRP are very similar. However, 
unlike traditional PRP systems, commercially 
available APS kit passes the concentrated 
plasma through a dried polyacrylamide gel that 
leads to a high level of anti-inflammatory cyto-
kines while ensuring low levels of proinflamma-
tory molecules, preferentially concentrates 
anti- inflammatory cytokines including IL-1 
receptor antagonist and TNF receptor inhibitor 
[9]. Kon et  al. [170] performed a multicenter, 
saline controlled, DB RCT to investigate if sin-
gle IA injection of APS is able to reduce pain 
and improve function in knee OA.  The results 
showed a statistically significant improvement 
in WOMAC pain score at 12  months for APS 
compared with placebo. However, improve-
ments from baseline to 2  weeks and 1, 3, 
6  months were similar between treatments. 
Additionally, this study failed to show any sig-
nificant differences in VAS pain improvement 
between groups as primary outcome. The same 
group of authors also conducted 3 years follow-
up study to investigate if the positive effects of 
APS, previously documented at 1 year in a clini-
cal trial, last up to 3  years [171]. In the APS 
cohort, WOMAC pain improved from 11.5 to 
4.3 at 1 year and to 5.7 at 3 years (P < 0.0001 vs 
baseline). The APS cohort also showed a statis-
tically significant improvement in its KOOS 
pain score from 39 to 70 at 1 year and to 64 at 
3 years (P < 0.0001 vs baseline) and VAS pain 
scores from 5.5 to 2.6 at 1  year and to 3.4 at 
3 years (P = 0.0184 vs baseline). However, VAS 
pain score significantly worsened from 12 to 
36  months (P  =  0.0411). MRI Osteoarthritis 
Knee Score findings showed no statistically sig-
nificant differences. Patients with better carti-
lage had greater WOMAC pain improvement 
when their baseline scores were worse, whereas 
the trend was reversed for patients with cartilage 
loss at baseline. IA injection of APS for mild to 
moderate knee OA was safe, and significant 
pain improvement was documented 3 years after 
a single injection.

Mesenchymal Stromal (or Stem) Cells
MSC is defined when it has the following cellular 
characteristics: First, MSC must be plastic- 
adherent when maintained under standard culture 
conditions. Second, MSC must express specific 
cell surface marker. Third, MSC must be differ-
entiated into osteoblasts, adipose cells, and chon-
droblasts in vitro [172]. There have been many 
controversies about the action mechanism of 
MSCs in  vivo if regenerative process occurs 
either by implanted MSC differentiation or by 
endocrine and paracrine activity on host cells, or 
both [173]. Although the in vivo mechanisms of 
MSCs are still unclear, the release of chemical 
mediators is thought to be important [174]. 
Exogenously administered MSCs induce to pro-
duce soluble growth factors and cytokines in the 
injury site and exert immunomodulatory, anti- 
inflammatory, and nourishing (regenerative) 
effects on the patient’s resident stem cells to form 
the new tissue [175].

MSC can be obtained from any tissue, autog-
enous or allogenic source. Autogenous BMAC or 
SVF is most commonly used for injectable MSCs 
in knee OA, that components are heterogeneous. 
MSC proportion in BMAC or SVF is very low, 
for example, 0.001%–0.01% of mononuclear 
cells within BMAC and ~15–30% within 
SVF. Therefore, ex vivo isolation and expansion 
of cell concentrates might be needed to obtain 
clinically useful amount of MSCs. However, 
ex vivo expanded cell therapy might increase the 
risk of AEs. Although no major AEs have been 
reported on IA MSCs injection for knee OA, 
malignant transformation remains a potential risk 
for ex vivo expanded cell therapy [176]. Ex vivo 
expanded MSCs are classed as drugs that require 
government regulatory approval before clinical 
application. Although minimally manipulated 
cell product such as BMAC or SVF might con-
tain MSCs, they might claim to be exempt from 
government regulation as point-of-care therapy. 
Autologous point-of-care cell therapy should not 
be confused with true MSC therapies because 
they tend to include more heterogeneous cells 
than those in true MSC therapies and have effects 
which are not mainly attributed to their pharma-
cological immunomodulatory and/or immuno-
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suppressive capacity or differentiation potential 
[9]. In this section, only clinical research results 
on IA injection therapy for knee OA using ex vivo 
expanded MSCs will be reviewed. Recently, 
many clinical studies have been carried out in the 
hope that MSCs will heal damaged tissues. In 
spite of hopeful expectations, RCT studies are 
rare and the results of those studies have not 
reached MCID. In 2019 OARSI and ACR guide-
line, IA MSCs injection for knee OA is strongly 
recommended against because the quality of evi-
dence supporting of these treatments is extremely 
low, and there is a lot of the heterogeneity and 
lack of standardization in preparations [2, 75].

Bone Marrow-Derived Mesenchymal 
Stromal Cells
Soler Rich et al. [177] conducted a case series to 
assess the efficacy and safety of autologous 
expanded BM-MSCs for KL 2–4 knee OA. This 
study showed the IA infusion of a dose of 
40  ×  106 expanded BM-MSC suspended in an 
8 mL solution of Ringer-lactate and albumin has 
no local or systemic AEs and can significantly 
improve symptoms due to joint inflammation in a 
short period of time. Also, there is a report that 
the OA cartilage tissue evaluated through T2 
mapping MRI was improved. Soler R et al. [178] 
reported a phase I–II trial using ex vivo expanded 
autologous MSCs for the treatment of KL 2–3 
knee OA. Patients were injected with 10 mL of 
saline solution supplemented with 2% human 
serum albumin suspended with 40 × 106 expanded 
BM-MSC and followed up to 12  months post- 
injection. There were few reported AEs (mild 
joint and low back pain). Pain intensity was 
decreased since day 8 after the injection, which 
was maintained after 12  months. The SF-36 
showed improvement in parameters including 
joint pain and physical function at month 12. 
Moreover, T2 mapping MRI showed cartilage 
regeneration in all patients 12 months after treat-
ment. Emadedin et  al. [179] performed a ran-
domized, triple-blind, placebo-controlled phase 
1/2 clinical trial to evaluate the safety and effi-
cacy of IA implantations of autologous 
BM-MSCs in patients with knee OA. 43 patients 
enrolled this study and study group were injected 

with 40x106 ex  vivo expanded MSCs in 5  ml 
saline supplemented with 2% human serum albu-
min and followed up for 6  months after the 
implantations. Patients who injected MSC had 
significantly improved in overall WOMAC 
scores, WOMAC pain and function subscales, 
and pain-free walking distance compared to those 
who received placebo. There were no major AEs 
attributed to the MSC treatment.

Doyle et al. [180] reported a narrative review 
that evaluated the efficacy of IA injections of 
BM-MSCs for the treatment of knee OA.  This 
study showed clinical applications of IA injec-
tions of BM-MSCs are steadily increasing, with 
most studies demonstrating a decrease in poor 
cartilage index, improvements in pain, function 
and Quality of Life (QoL); with moderate-to- 
high level evidence regarding safety for therapeu-
tic administration. A moderate number of cells 
(40  ×  106) were identified as most likely to 
achieve optimal responses in individuals with KL 
grade ≥ 2 knee OA. However, low confidence in 
clinical efficacy remains due to a plethora of het-
erogenous methodologies used, resulting in need 
for comparative RCT.

Adipose-Derived Mesenchymal Stromal 
Cells (AD-MSCs)
Jo et  al. [181] conducted a case series clinical 
trial to assess the mid-term safety and efficacy of 
AD-MSCs for knee OA. Patients in each group 
received low-dose (1.0  ×  107 cells), mid-dose 
(5.0 × 107 cells), and high-dose (1.0 × 108 cells) 
injections and followed up to 2  years post- 
injection. IA injections of autologous AD-MSCs 
improved knee functional scores as measured by 
WOMAC, KSS, and KOOS and decreased VAS 
pain scores for up to 2  years in all cell dosage 
groups. However, statistical significance was 
mainly seen in the high-dose group. Clinical out-
comes tended to be worsen after 1  year in the 
low-dose and medium-dose groups, while lasting 
up to 2 years in the high-dose groups. The struc-
tural outcomes evaluated by MRI showed similar 
patterns. There were no treatment-related AEs 
during the 2-year period. Freitag et  al. [182] 
reported an RCT to evaluate the efficacy of autol-
ogous AD-MSC on pain, function, and disease 
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modification in knee OA. 30 participants were 
randomly divided into three groups. Two groups 
received IA AD-MSC injection consisting of 
either a single (100 × 107 cells) or two injections 
(100 × 107 cells at baseline and 6 months). The 
third group served as a control group, with only 
conservative treatment. Both treatment groups 
showed clinically significant pain and functional 
improvement at 12 months. Radiological analysis 
with MRI showed modification of disease pro-
gression. 2 IA injections of AD-MSCs at 6-month 
intervals achieved more consistent OA stabiliza-
tion than single injection. Lee et  al. [183] con-
ducted a Phase IIb, saline controlled, RCT to 
evaluate the efficacy and safety of a single IA 
injection of AD-MSCs for knee OA patients. 
Patients received a single injection of 1  ×  108 
cells of ADMSCs in 3 mL of saline and followed 
up to 6 months. This study resulted in a signifi-
cant improvement in WOMAC scores at 6 months 
with a single injection of AD-MSC. No serious 
AEs were observed in both groups during follow-
 up period. When measured by MRI, cartilage 
defects at 6 months after injection were not sig-
nificantly changed in AD-MSC group, whereas 
defects increased in control group. Song et  al. 
[184] reported a randomized phase I/IIa clinical 
trial with a 96-week follow-up to evaluate the 
safety and therapeutic potential of different dose 
and repeated injection of AD-MSCs in patients 
with knee OA. 18 participants were divided into 
three dose groups: the low-, mid-, and high-dose 
group (1 × 107, 2 × 107 and 5 × 107 cells, respec-
tively), injected three times and followed up for 
96  weeks. They concluded IA injections of 
AD-MSCs reduced pain, improved function and 
cartilage volume without treatment-related AEs. 
Also, this improvement was more pronounced 
when repeated injections were combined with a 
5 × 107 cell dose.

Human Umbilical Cord Blood-Derived 
Mesenchymal Stem Cells
MSCs can be separated from umbilical cord 
Wharton’s jelly, perivascular tissue, and blood 
using various techniques. Those cells are charac-
terized by phenotypic similarities with BM-MSCs 
but their differentiation into the osteogenic and 

chondrogenic lineage is not as consistent as for 
BM-MSCs [185]. Human umbilical cord blood- 
derived mesenchymal stem cells (hUCB-MSCs) 
have biological benefits such as longer culture, 
large-scale expansion, retardation of senescence, 
and high anti-inflammatory effect compared to 
bone marrow or adipose tissue [186]. Park et al. 
[187] reported 7  years of follow-up case series 
study. The stem cell-based medicinal product (a 
composite of culture-expanded allogeneic 
hUCB-MSCs and HA hydrogel [Cartistem]) was 
surgically applied to the lesion site, not IA injec-
tion. The improved clinical results were stable for 
7 years follow-up period. The histological find-
ings at 1  year showed hyaline-like cartilage. 
Regenerated cartilage maintained persistence on 
MRI at 3  years. Mata et  al. [188] conducted a 
controlled randomized phase I/II trial to evaluate 
the safety and efficacy of the IA injection of sin-
gle or repeated allergenic hUCB-MSCs in knee 
OA.  Patients with symptomatic knee OA were 
randomized to receive HA at baseline and 
6 months, single-dose (20 × 106) hUCB-MSC at 
baseline, or repeated hUCB-MSC doses at base-
line and 6  months (20  ×  106  ×  2: MSC-2) and 
followed up for 12 months. No severe AEs were 
reported. Only MSC-treated patients experienced 
significant pain relief and functional improve-
ments from baseline (p = 0.001). At 12 months, 
WOMAC pain subscale significantly decreased 
in the MSC-2-treated group as compared with the 
HA group. For total WOMAC score, MSC-2 was 
lower than HA at 12 months. No differences in 
MRI Osteoarthritis Knee scores were detected. 
The author concluded repeated UC-MSC therapy 
is safer and better than active comparator in knee 
OA at 1 year follow-up.

Gene Therapy
Gene transfer has been performed in two ways, 
directly in vivo injection into the joint or cell har-
vesting from the patient, ex vivo exposure to vec-
tors and return of modified cells to the joint. Gene 
therapy with genes encoding cartilage growth 
factor and anti- inflammatory cytokines is effec-
tive in treating OA [146]. TissueGene-C (TG-C) 
was developed as a cell-based growth factor 
expression strategy and contains human alloge-
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neic chondrocytes and genetically modified 
chondrocytes engineered to express TGF-b1 in a 
3:1 ratio. TGF-b1 expressing cells were irradi-
ated with low-dose gamma rays to prevent prolif-
eration within the knee joint after injection. TG-C 
was administered by a single IA injection [189] 
(Fig.  10.8). Cherian et  al. [190] conducted a 
phase II randomized study to evaluate the effi-
cacy and safety of genetically engineered alloge-
neic human chondrocytes expressing TGF-b1 in 
KL 3 knee OA patients. Improvement of IKDC 
subjective or VAS scores showed statistically sig-
nificant differences at 12  weeks, 52  weeks and 
overall. Kim et al. [189] reported a multicenter, 
DB, phase III clinical trial to access the efficacy 
and safety of gene therapy in knee OA.  In this 
study, 163 patients with KL grade III OA were 
randomly assigned to receive a single IA injec-
tion of TG-C or saline. TG-C showed statistically 
significant improvements over placebo in total 
IKDC scores and individual categories, VAS 
scores at 26, 39, and 52 weeks. Patients treated 
with TG-C were not statistically significant, but 
tended to have thicker cartilage and slower 
growth of the subchondral bone surface area in 
the joint (p > 0.05). There were minor AEs in the 
TG-C group, such as peripheral edema (9%), 
joint pain (8%), joint swelling (6%), and injec-

tion site pain (5%). Lee et  al. [191] reported a 
phase II study to determine the 24 months effi-
cacy and safety of genetically engineered alloge-
neic human chondrocytes expressing TGF-β1 in 
patients with KL III knee OA. 102 patients were 
2:1 randomized to TG-C at a dose of 3.0 × 107 
cells, or placebo injection. There were significant 
improvements in the IKDC and VAS scores in the 
TG-C cohort, comparing with the placebo cohort 
at 12, 52, 72, and 104 weeks (p < 0.05). MRI at 
12 months after treatment showed fewer findings 
of cartilage damage, infrapatellar fat pad synovi-
tis, and effusion synovitis in the TG-C cohort. No 
severe AEs were observed. Common AEs were 
arthralgia, inflammation, and effusion of joint 
which were similar between both cohorts. 
Although TG-C has a long-term safety issues due 
to viral transfected cells, TG-C appears to be an 
effective modality for the treatment of KL grade 
III knee OA, so far.

10.4.4  Summary

Articular cartilage is avascular structure. Oral or 
parenteral administered drugs used to treat knee 
OA must go through complicated processes, such 
as the drug passing through the wall of capillar-

Fig. 10.8 Schematic process for gene therapy with 
TissueGene-C.  Gene therapies with genes encoding for 
chondrogenic growth factors and anti-inflammatory cyto-
kines are of interest to treat OA.  TissueGene-C (TG-C) 
was developed as a cell-based growth factor expression 
strategy and involves a 3:1 ratio of human allogeneic 

chondrocytes and genetically modified 293 cells engi-
neered to express TGF-b1. TGF-b1 expressing cells were 
irradiated with a low dose of gamma-ray so that they 
could not proliferate within the knee joint after injection. 
TG-C was administered by a single intra-articular injec-
tion. TGF transforming growth factor
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ies, then diffusing to the synovial interstitium, 
and then passing through the synovial membrane 
into the joint cavity. In this process, drugs with 
low MW enter the joint relatively easily, but high 
MW makes it difficult to enter the joint due to the 
capillary sieving effect. IA injection therapy has 
the advantage of bypassing this process and 
avoiding systemic AEs of drugs by oral or paren-
teral administration. In addition, the low MW 
drugs in the joints are absorbed through veins and 
the large through lymphatics. In case of joint 
inflammation, the residence time of drugs 
becomes shorter because of increased vascularity 
and lymphatic flow. In OA treatment, it is impor-
tant to maintain the IA concentration of the thera-
peutic drug for enhancing its efficacy.

For IA injection therapy to work effectively, 
drugs must be injected accurately into the joints. 
This is because if a drug is injected into an extra- 
synovial area, the effect of the drug not only 
decreases but also the discomfort of the patient 
increases. Image guided injection using US is 
more useful than blind method for accurate IA 
injection. US images of anatomical structures 
around the joints should be understood when 
attempting IA injections under US guidance, and 
the ultrasonic artifact produced by needles should 
be differentiated.

There are CSs and HAs in the standard thera-
peutic agents used for IA injections. CS is effec-
tive in improving symptoms of knee OA because 
it has a strong anti-inflammatory effect, but the 
duration of the effect is only 4  weeks or less. 
However, systemic and local AEs such as articu-
lar cartilage destruction should be considered. 
According to the guideline of the non-profit orga-
nizations, IA CS injection recommends limited 
use in treating symptomatic knee OA that do not 
respond to non-pharmacological or pharmaco-
logic treatment. HA not only acts as a viscosup-
plement that increases the viscosity of the 
synovial fluid but also has some anti- inflammatory 
effects. HA relieves symptoms over 3–6 months 
after injection, which is relatively longer than 
CS.  However, most non-profit organization 
guideline does not recommend IA HA injection 
or recommends limited use in treating knee 
arthritis with symptoms that do not respond to 

non-pharmacological or pharmacologic treat-
ment. Although PDRN or hypertonic dextrose 
injection is known to help wound healing and tis-
sue regeneration, much research is still needed to 
prove a clinical efficacy in the treatment of knee 
OA.  Recently, small molecule drug therapy for 
treatment of knee OA has been introduced. 
SM04690 is a novel small molecule Wnt-β- 
catenin signaling pathway inhibitor, which has 
potential as a disease-modifying OA drug 
(DMOAD). CNTX-4975 is an injectable, high- 
purity trans-capsaicin targeted the capsaicin 
receptor (TRPV1), which has a potent analgesic 
effect.

OA results from an imbalance between cata-
bolic and anabolic factors, and biologic agents 
either target specific catabolic proinflammatory 
mediators or affect anabolism. Attempts to treat 
knee OA with biologics have been made rela-
tively recently. Biologics used for treatment of 
knee OA are categorized into non-cellular ther-
apy or cell therapy. Non-cellular therapy includes 
human serum albumin, growth factors, cytokine 
antagonists. In particular, the rhFGF 18 and the 
Wnt receptor inhibitor have an anabolic effect, 
drawing attention for their role as DMOAD along 
with the symptom improvements. However, non- 
cellular therapeutic agents of various substances 
are not yet widely used in clinical practice 
because of lacking of sound scientific evidence. 
Cell therapy includes cell concentrates, MSCs, 
and gene therapy. Although the composition of 
cell concentrates is heterogenous, it has recently 
drawn much attention as a kind of autologous 
point-of-care cell therapy, with the advantage of 
less government regulation because it can be 
extracted through minimal manipulation and 
injected into the patient immediately. SVF is a 
cell concentrate extracted from adipose tissue 
and has advantages as 15–30% of the extracted 
cells consist of stromal cells. The therapeutic 
effect of SVF in knee OA has shown good results 
in several studies but has not reached 
MICD.  BMAC is a cell concentrates derived 
from bone marrow, and only 0.001%–0.01% of 
the cells extracted contain stromal cells. There is 
little research on the therapeutic effect of BMAC 
in knee OA. PRP is cell concentrates separated 
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from blood. PRP is a plasma that contains high 
content of platelets. Platelet α-granules contain a 
variety of growth factors and anti-inflammatory 
cytokines, which help wound healing and regen-
eration. The therapeutic effect using PRP in knee 
OA is known to be maintained for 6–12 months, 
but the efficacy does not reach MCID.  MSCs 
have cellular characteristics such as plastic- 
adherent, express or lack specific cell surface 
markers and be capable of trilineage differentia-
tion into osteoblasts, adipocytes, and chondro-
cytes in  vitro. MSCs are grown from cell 
concentrates in  vitro and separated with only 
cells with MSCs characteristics and used to treat 
knee OA. Government regulation is needed in its 
use because the cell’s properties change in this 
process and in  vitro manipulation is required. 
MSCs used in the treatment of knee OA include 
bone marrow-derived MSCs and adipose-derived 
MSCs. Despite the possibility of tissue healing 
and regeneration in MSCs, clinical efficacy in 
knee OA treatment is limited. According to 2019 
OARSI and ACR guideline, PRP and MSCs 
injections are strongly recommended against in 
patients with knee OA because the evidence in 
support of these treatments is of extremely low 
quality and there is a lot of heterogeneity and 
lack of standardization in preparations of PRP 
and MSCs.
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Arthroscopic Treatment

Lih Wang and HyunHo Kim

Abstract

Since the mid-1980s, arthroscopy has become 
the preferred procedure with evidence of 
multiple advantages over open surgical pro-
cedures when indicated. In the treatment of 
degenerative arthritis of the knee, surgical 
interventions can be applied to patients who 
are refractory to conservative treatment. 
Surgical treatments mainly include osteot-
omy that restores the mechanical axis of the 
lower extremity and knee arthroplasty, but 
arthroscopic lavage and debridement are the 
most widely used surgical methods. Until the 
end of the twentieth century, a large number 
of studies reported that arthroscopy gener-
ally resulted in less pain and postoperative 
swelling than open procedures, and reduced 
the risk of complications such as infec-
tion and joint stiffness, allowing patients to 
return to their normal daily activities sooner. 
Arthroscopic management for osteoarthri-
tis (OA) of the knee includes arthroscopic 
lavage and debridement, partial meniscec-
tomy, removal of loose bodies or osteo-
phytes, chondroplasty, and microfracture. 
However, since a prospective randomized 
comparative study reported that the group 

with arthroscopic surgery showed no differ-
ence in therapeutic efficacy compared to the 
group without arthroscopic procedures, there 
is a controversy over the treatment efficacy 
of arthroscopic management in patients with 
knee OA. Arthroscopic management alone is 
not recommended for patients with degen-
erative arthritis of the knee, excluding those 
with surgical indications including mechani-
cal symptoms such as meniscal tears or recent 
traumatic injuries. For successful treatment, 
accurate clinical diagnosis is needed based 
on a detailed medical inquiry, symptoms, 
and signs through physical examination, and 
radiographs. It is also important for surgeons 
to understand the benefits of surgery and the 
impact of surgery on disease progression.

Keywords
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11.1  Introduction

Osteoarthritis (OA) of the knee can cause joint 
pain, effusion, osteophyte formation, contrac-
ture, and degenerative tear of the meniscus [1]. 
Conservative treatment, arthroscopic debride-
ment, realignment osteotomy, and arthroplasty 
can be options for treatment of OA, and when 
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conservative treatment fails, arthroscopic man-
agement may be considered before joint replace-
ment. Arthroscopic management for the treatment 
of OA of the knee has been widely performed 
because it has many advantages since mid-1980 
[2]. Arthroscopy offers several advantages, with 
minimally invasive procedures, decrease com-
plications like infection and arthrofibrosis. As a 
result, patients tend to heal faster and return to 
normal activity and work sooner [3].

In 1990, Burks reported that the arthroscopy 
of the OA of the knee is to allow identification 
and treatment of a local lesion while preserving 
the joint, which is accepted by most authors [4]. 
Arthroscopic management for OA of the knee 
includes lavage, debridement, partial menis-
cectomy, chondroplasty, synovectomy, removal 
of loose body or osteophytes, and adhesiolysis. 
However, publications in the last 20 years have 
brought into question the role of arthroscopic 
management in the setting of knee OA.  But, 
arthroscopic management is an attractive alter-
native for early OA with no malalignment of 
the lower extremity as it reduces the degree of 
 surgical insult and postoperative rehabilitation 
with the hope of delay arthroplasty.

11.2  Surgical Method

Arthroscopic management for the treatment of 
OA of the knee mainly includes arthroscopic 
debridement and meniscectomy and arthroscopic 
treatment of chondral defects.

11.2.1  Arthroscopic Treatment 
for Degenerative Lesions 
of the Knee

11.2.1.1  Arthroscopic Lavage 
and Debridement

Arthroscopic lavage and debridement are opera-
tive treatments for OA.  Lavage is a procedure 
in which intra-articular fluid is aspirated and 
the joint is washed out, removing inflammatory 
mediators, debris, or small loose bodies from 
the osteoarthritic knee. Articular debridement 

involves the removal of cartilage or meniscal 
fragments but also can include cartilage abra-
sion, excision of osteophytes, and synovectomy. 
Debridement is intended to improve symptoms 
and joint function in patients with mechanical 
symptoms such as locking or catching of the knee 
(Table 11.1). Because lavage and debridement are 
often performed at the same time, it is difficult to 
attribute the success or failure of arthroscopy to a 
specific procedure.

Magnuson described the debridement of the 
knee joint for OA first in 1974 [5]. This proce-
dure is known as “House cleaning.” He described 
that removal of all mechanically irritating prod-
ucts of OA renders the patient symptoms free. 
The procedure was performed through an exten-
sive arthrotomy which included meniscectomy, 
synovectomy, osteophytes resection, and decor-
tication of bone including multiple drill holes 
[6]. Jackson suggested that the irrigation of joint 
is of benefit in the management of the OA of 
the knee [7]. In 1981, arthroscopic debridement 
was first introduced for the treatment of OA of 
the knee by Sprague [8]. Arthroscopic lavage 
and debridement remove particulates such as 
cartilage fragments (Fig.  11.1), meniscus, and 
offending osteophyte and reduce synovitis. 
Arthroscopic lavage of the joint was considered 
helpful by washing out proteolytic enzymes and 
loose bodies in the joint that cause symptoms. 
Currently, this management has been used for 
short-term symptom relief although its long-
term efficacy is unsatisfactory [9, 10]. These 
techniques could temporarily improve pain or 
symptoms, they cannot cease the disease pro-
gression. Besides some authors indicated that 
aggressive debridement of tissue may aggravate 
the patient’s problem [11].

Table 11.1 Ideal candidate for arthroscopic debridement

Ideal candidate for arthroscopic debridement
• Normally aligned knee
• Mild osteoarthritis
• Displaced meniscus tear
• Mechanical symptoms such as locking
• Increasing pain
• No bone marrow lesions
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11.2.1.2  Meniscectomy
Partial meniscectomy attempts to debride the 
unstable degenerative tear in order to create 
a stable tear or a smooth rim of the remaining 
meniscus. The surgeon is tasked to remove the 
meniscal tear while simultaneously maintaining 
as much healthy meniscus as possible. When 
degenerative lesions are found, the surgeon must 
decide whether to surgically remove the lesions 
or not and determine the extent of resection. If 
a degenerative lesion is suspected to be fray-
ing of the free edge of the lateral meniscus, it 
is left untreated because degenerative tears of 
the lateral meniscus can be asymptomatic. It 
is particularly important to consider the asso-
ciation of arthroscopic findings of degenerative 
lesions with clinical symptoms in every patient. 
Degenerative change in the medial meniscus is 
more broadly excised than in the lateral menis-
cus. This is because the severity and extent of 
fraying of the free edge of the medial meniscus 
is often worse and broader compared to that of 
the lateral meniscus, the injured medial meniscus 
can be more easily pinched between the femoro-
tibial joint of the knee. When the distance from 
the free edge to the capsular margin of the medial 
meniscal tear increases, the torn meniscus stimu-
lates the joint pain and tenderness. These cases 

often require partial or subtotal meniscectomy 
(Fig. 11.2).

It is also important to identify the causes of 
degenerative changes in the meniscus. If a patient 
has angular deformity such as genu varum, par-
tial meniscectomy alone cannot solve problems. 
The presence of cartilage injuries caused by 
malfunctioning and instability of the anterior 
cruciate ligament (ACL) may require ACL recon-
struction. Surgeons should be well aware that the 
associated lesion is a key factor that determines 
the outcome of meniscectomy especially in the 
treatment of degenerative meniscal tears.

Degenerative tears of meniscus can occur 
secondary to arthritis and it is important to 
determine whether the symptoms are due to OA 
itself or the tear of the meniscus. Partial menis-
cectomy in osteoarthritic patients with a docu-
mented tear and mechanical symptoms appears 
to be an effective procedure for the relief of pain 
at short-term follow-up. However, as the severity 
of OA increases, the results become less favor-
able. After a partial meniscectomy, the load on 
the joint of knee may increase by 45%, and it can 
accelerate the progression of OA and make joint 
replacement surgery necessary.

Pearse and Craig [12] reported that partial 
meniscectomy did not hasten the progression 

a b

Fig. 11.1 Arthroscopic findings of the arthritic knee. Small particulate cartilage debris in the suprapatellar pouch (a), 
and chondral erosion and focal bony eburnation of the medial femoral condyle (b)
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of OA.  On the contrary, Rangger et  al. [13] 
addressed that OA progressed after an average 
follow-up of 53.5 months in 38% of patients with 
a medial meniscus tear and 24% of patients with 
lateral meniscus tear among 284 patients after 
arthroscopic partial meniscectomy. A number 
of studies suggested that partial meniscectomy 
would be more effective for an early stage of 
OA rather than for advanced stage OA.  Lotke 
et al. [14] reviewed 101 patients who underwent 
medial meniscectomy, and favorable postop-
erative results were obtained in 90% of patients 

with normal conditions, whereas only in 21% of 
patients with moderate-to-severe knee OA. They 
concluded that the preoperative severity of OA 
is an important prognostic factor in meniscec-
tomy, and suggested that accurately identifying 
the major causes of symptoms was important 
in elderly patients. McBride et  al. [15] con-
cluded that the presence of preoperative degen-
erative changes affects postoperative results and 
Crevoisier et  al. [16] reported that preoperative 
cartilage degeneration had more influence on the 
treatment outcome than age. Bonamo et al. [17] 

a b

c d

Fig. 11.2 Arthroscopic findings of the degenerative tear 
of the medial meniscus. Fraying fragments in the mid- 
body (a) and in the posterior horn (b) are pinched between 
the femur and tibia during the knee motion. The meniscal 

tears extended from the free edge to the capsular margin 
produce the joint line pain and tenderness (c), and these 
cases require partial or subtotal meniscectomy (d)
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performed partial meniscectomy without any 
treatment for articular cartilage on 118 patients 
and reported that the poor prognostic factors were 
female gender, ≥60 years of age, and pre- existing 
degenerative change. Bin et  al. [18] examined 
68 patients with Outerbridge grade IV OA who 
underwent arthroscopic medial meniscectomy. 
They reported the mean VAS decreased from 
7.1 preoperation to 2.9 postoperation, and the 
mean Lysholm score increased from 65.7 to 82 
(P < 0.05). Four patients (5.9%) underwent total 
knee arthroplasty at a mean of 49.8 months indi-
cating that partial meniscectomy could improve 
meniscal tear symptoms in grade IV patients and 
delay TKA. Partial meniscectomy could not pre-
vent further progression of degenerative changes 
in patients with OA, especially when pain or 
mechanical symptoms caused by unstable menis-
cal tissue were present. However, this procedure 
can be helpful in short-term symptom relief and 
performing additional surgery in the future.

11.2.1.3  Osteophyte Excision
The clinical symptoms of osteophyte vary depend-
ing on the site of the knee joint. According to the 
onset area of osteophyte, common symptoms are 
extension lag in the anterior intercondylar area, 

and capsular stretching and synovitis, resembling 
the symptoms of meniscal tears, during flexion/
extension in the femoral condyle and tibial pla-
teau. Osteophytes on the patellar apex are mainly 
characterized by patellofemoral joint pain and 
often associated with crepitation. Osteophytes 
can be sometimes asymptomatic. The presence 
of symptoms is a clear indication for surgical 
resection of osteophyte. Since osteophytes tend 
to recur, surgical removal is considered symp-
tomatic treatment. Osteophytes on the patellar 
apex should be only excised when their presence 
severely damages the articular cartilage of the 
femoral trochlear (Fig.  11.3) or interferes with 
performing arthroscopic procedures. For osteo-
phytes at the patellofemoral joint, conservative 
treatment such as quadriceps stretching exercise 
should be initially carried out for symptom relief 
in early stages with mild symptoms.

Osteophytes are the most common radio-
graphic findings in OA. Since cartilage does not 
have nociceptive fibers, it has not been clari-
fied yet whether the exact cause of local pain in 
arthritis is osteophytes. Cicuttini et al. [19] inves-
tigated the influence of joint space narrowing and 
osteophytes on the knee joint and reported that 
the presence of osteophytes was the more accu-

a b

Fig. 11.3 Arthroscopic findings of the patellofemoral joint. When a large osteophyte is present on the patellar apex and 
articular cartilage damage of the femoral trochlear (a), osteophyte resection and chondroplasty can be performed (b)
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rate predictor of knee pain, but did not clarify 
whether osteophyte itself was the cause of pain. 
Sengupta et  al. [20] reported that high-signal 
osteophytes detected on MRI are not associated 
with the presence of pain, pain severity, or the 
self-reported location of pain. But, Ozdemir et al. 
[21] founded that the size, location, and direc-
tion of osteophytes and the joint space narrowing 
were correlated with the range of motion of the 
knee in patients with longstanding knee pain with 
radiographic OA. Fond et al. [22] and Steadman 
et al. [23] reported satisfactory results of excision 
of osteophytes, which was the cause of flexion 
contracture. When osteophytes are the primary 
cause for knee pain or limited range of motion 
(ROM), osteophyte excision can be considered.

11.2.2  Arthroscopic Treatment 
for Articular Cartilage Defects

Abrasion arthroplasty, microfracture, and chon-
droplasty can be performed for the treatment of 
osteochondral lesions. These surgical techniques 
expose the defect to the subchondral bone mar-
row and promote fibrous cartilage healing and 
include abrasion arthroplasty and microfracture. 
Although some authors have reported short-term 
symptom relief, evidence of efficacy have not 
been clearly established. Previous literature has 
shown that patient choice of surgery is important 
and efficacy decreases significantly with age. 
Autologous chondrocyte implantation, osteo-
chondral autograft, periosteal or perichondral 
graft are extensive procedures and not applicable 
to patients with advanced OA.

11.2.2.1  Abrasion Arthroplasty 
and Drilling

In 1986, Johnson described the pathologic per-
spective of arthroscopic abrasion arthroplasty 
and observed that intracortical defects created 
in a sclerotic lesion without penetration of the 
subchondral bone uncovered small blood vessels 
[24]. Necrosis progresses on the hardened sur-
face of the subchondral bone caused by complete 
articular cartilage loss and subchondral bone 

exposure, and this leads to the formation of local 
new blood vessels. Abrasion arthroplasty and 
arthroscopic drilling are performed by drilling a 
1–2 mm deep canal in the exposed subchondral 
bone using a burr to stimulate hemorrhage and 
fibrocartilage response in which the formation of 
a blood clot will turn to a fibrous repair tissue for 
reconstruction of the defect site of articular car-
tilage. This arthroscopy-assisted cartilage regen-
eration procedure can be easily performed, but 
regenerated fibrocartilage has a limited capacity 
for intrinsic functions. Fibrocartilage is inferior 
to hyaline cartilage because it can easily break 
down by containing significantly less proteogly-
can and is susceptible to wear with time. This 
fibrocartilage tissue has a weak and uneven sur-
face, mechanically inferior to loading, thereby 
can result in poor mid- and long-term follow-
up outcomes [25]. The premise underlying the 
potential success of this technique is that exposed 
sclerotic bone in the degenerative knee joint has a 
significant blood supply less than 1 mm below its 
surface. Superficial abrasion results in fibrocar-
tilaginous healing without extensive disruption 
of the integrity of the bone. However, an overly 
aggressive abrasion can violate the subchon-
dral bone plate and destabilize the joint, result-
ing in the distortion of the mechanical axis. In 
the malaligned knee, intra-articular debridement 
or abrasion arthroplasty is not recommended as 
an isolated procedure in light of the altered bio-
mechanical forces and the fact that the original 
hyaline cartilage deteriorated under these same 
forces [26].

11.2.2.2  Microfracture
The microfracture procedure is done arthroscopi-
cally. The surgeon visually assesses the defect 
and performs the procedure using special instru-
ments that are inserted through three small inci-
sions on the knee. After assessing the cartilage 
damage, any unstable cartilage is removed from 
the exposed bone. The surrounding rim of the 
remaining articular cartilage is also checked 
for loose or marginally attached cartilage. This 
loose cartilage is also removed so that there is a 
stable edge of cartilage surrounding the defect. 
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The process of thoroughly cleaning and prepar-
ing the defect is essential for optimum results. 
After debridement of damaged cartilage tis-
sue from the lesion, 3–4 holes/cm2 at a depth of 
4  mm are created using a microfracture awl in 
the exposed subchondral bone (Fig. 11.4). Bone 
marrow cells and blood from the holes combine 
to form a “super clot” that completely covers the 
damaged area. This marrow-rich clot is the basis 
for the new tissue formation. The microfracture 
technique produces a rough bone surface that the 
clot adheres to more easily.

The microfracture technique was first intro-
duced by Steadman and founded based on simi-
lar methods of abrasion and drilling. According 
to Steadman et  al. [27], the benefits of an awl 
are that it minimizes the risk of thermal necro-
sis of the subchondral bone, well maintains the 
subchondral bone shape, and facilitates clot 
formation by creating a rough surface on the 
subchondral bone. Their microfracture results 
showed that 75% of patients were improved at 3- 
to 5-year follow-up. In 1994, Rodrigo addressed 
that microfracture improved the restoration of 
cartilage defects with the use of the continuous 
passive motion following microfracture and non-
weight bearing for 6–8 weeks [28]. However, this 
outcome of defects treated with microfracture 
alone was not compared with that of debride-
ment only. The clinical outcome was less satis-
factory in older adults with symptomatic knee 
OA or extensive lesions in the bone cartilage. 

Contraindications to microfracture include no 
maintenance of fibrocartilage clots following 
microfracture due to severe degenerative changes 
and thinning of the surrounding cartilage in the 
defect site and old age of 60–65 years.

Along with recent advances of biomaterials 
developed, autologous matrix-induced chon-
drogenesis (AMIC) technique is integrated with 
microfracture. The aim of the AMIC is to gain 
mechanical stability by attaching biomaterials 
to the site of microfracture in order to preserve 
multiple functions of bone marrow mesenchymal 
stem cells in fibrin clots initially formed as much 
as possible in the lesion area. Biomaterials main-
tain stability until newly formed cartilage tissues 
stabilize and naturally degrade and dissolve in 
the body after completing their tasks. A variety 
of biomaterials have been introduced. However, 
further studies on the efficacy of those biomateri-
als are warranted.

11.2.2.3  Laser and Thermal 
Chondroplasty

The goal of arthroscopic chondroplasty is 
to remove the cartilage lesions for preven-
tion of further mechanical damage of remain-
ing cartilage layers, instead of facilitating the 
regeneration of articular cartilage. The use of 
rotary mechanical debrider or hand instruments 
increases the risk of rough articulation sur-
faces or removal of excess cartilage [29]. Laser 
chondroplasty has been used to modify these 

a b c

Fig. 11.4 Articular cartilage lesion of the medial femoral 
condyle is seen (a). Any unstable cartilage is removed and 
a subchondral bone is exposed (b). After debridement of a 

damaged cartilage tissue from the lesion, multiple holes in 
the exposed subchondral bone are created using a micro-
fracture awl (c)
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disadvantages. However, this technique is also 
limitedly used due to high cost and the risk of 
osteonecrosis caused by subchondral penetra-
tion [30, 31]. In recent years, radiofrequency 
(RF) is used in smoothing and stabilizing the 
lesions of the articular cartilage, and radiofre-
quency generators are economic heat sources 
with a reported high degree of safety [31, 32]. 
Two types of RF probes have been developed: 
monopolar and bipolar. Monopolar RFE passes 
from the tip of the probe, through the tissues, to 
a distantly placed skin electrode. This energy is 
rapidly dissipated because of the resistance of 
the tissues encountered. Bipolar RF causes an 
effect solely around the tip and energy arcs to a 
second electrode contained on the probe.

Kaplan and Uribe [32] reported that viable 
chondrocytes were left in the treated cartilage 
without any alterations in collagen or microstruc-
ture after chondroplasty using bipolar radiofre-
quency in vitro. Turner et al. [33], demonstrated 
that a smoother surface with chondrocyte viabil-
ity resulted when a bipolar thermal probe was 
used compared with a traditional mechanical 
shaver in vivo in a sheep model. Kaab et al. [34] 
described that the use of radiofrequency resulted 
in damage to normal cartilage 24  weeks after 
application in their animal model. Hogan and 
Diduch [35] reported a case of progressive articu-
lar cartilage loss following radiofrequency treat-
ment of a partial-thickness lesion. Likewise, the 
outcomes of radiofrequency treatment may vary 
depending on energy level, delivery time, clinical 
state of lesion, and electrode type, and consensus 
on treatment efficacy and complications has not 
yet been reached. When applying thermal chon-
droplasty, caution is warranted especially with 
thermal injury in normal surrounding articular 
cartilage and temperature rise within the intra- 
articular joint. The optimum surgical technique is 
now better understood, and refinement in probe 
design seems likely to herald further improve-
ment. Research suggesting fewer immediate side 
effects from the use of this technology is encour-
aging, but the quality of evidence about efficacy 
and safety remains low.

11.3  Clinical Outcomes 
of Arthroscopic 
Management in Knee 
Arthritis

In the pathophysiology of OA, the cause of knee 
pain has not yet been fully understood. However, 
the main mechanism of pain has been explained 
due to synovial inflammation that occurs when 
cartilage chips and floating fragments of the 
meniscus by wear are released and wedged into 
the synovial fluid and phagocytosed by syno-
vial cells. Moreover, irregularity of the cartilage 
by wear of the hyaline cartilage and meniscus 
tear may cause joint discomfort and even lim-
ited mechanical movement including a range of 
motion. The theoretical basis for arthroscopic 
treatment of OA is eliminating contributing fac-
tors of symptoms including removal of loose 
bodies or floating debris, removal of excess 
synovial fluid, meniscectomy, management of 
cartilage breakdown, and others. On the con-
trary, the primary reason for remaining skepti-
cal about whether the procedure is effective in 
the treatment of OA is that because the hyaline 
cartilage tissue possesses no ability to regener-
ate. Even though cartilage regeneration is carried 
out with various procedures, cartilage regenera-
tion may fail or restoration of the normal knee 
function by regenerated fibrocartilage is almost 
impossible [36].

Until 2002, no randomized comparative study 
on the efficacy of arthroscopic surgery and non-
surgical procedure in the management of knee 
OA has been conducted in a strict and proper 
manner. Chang et al. [37] performed a random-
ized comparative study on arthroscopic surgery 
and percutaneous needle washing in 32 cases with 
OA. Many cohort studies have been performed to 
assess arthroscopic lavage and debridement and 
arthroscopic partial meniscectomy in symptom-
atic meniscal tears, but findings from these stud-
ies cannot be generalized because of a lack of 
statistical control [38, 39].

In 2002, Moseley et al. [40] carried out a ran-
domized controlled trial to verify the efficacy of 
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arthroscopic surgery for knee OA as a blind test 
in subjects and examiners. Over 2 years, investi-
gators observed and compared the three groups 
of arthroscopic lavage, arthroscopic debridement, 
and placebo arthroscopy in 180 cases with knee 
OA between 1995 and 1998. All three groups 
showed early pain relief. The reduced pain per-
sisted for 2 years without a difference. Therefore, 
they concluded that arthroscopic debridement 
and lavage were no better than placebo arthros-
copy in the treatment of OA. Kirkley et al. [41] 
performed a randomized controlled study to com-
pare the clinical results of patients between the 
two groups of rehabilitation therapy alone, and 
arthroscopic debridement combined with reha-
bilitation therapy. They reported that symptom 
improvement was better in the group with early 
arthroscopic management, but no difference was 
shown 3  months after the start of treatment. In 
addition, there was no difference in pain and func-
tional assessment between the two groups. These 
findings demonstrated that arthroscopic debride-
ment was no better than nonsurgical intervention 
in the treatment of OA. However, these previous 
studies of Moseley and Kirkley were limited in 
that they did not assess the clinical outcomes of 
patients with advanced stages of OA.

Herrlin et  al. [42] conducted a randomized 
comparative study to evaluate treatment efficacy 
by comparing the two groups of exercise training 
alone and partial meniscectomy combined with 
exercise training in 96 patients aged 45–64 years 
with a diagnosis of a meniscal tear on MRI and a 
complaint of knee pain. No difference was found 
in pain and functional aspects between the two 
groups. The treatment plan was changed to surgi-
cal procedures in 30% of patients with persistent 
pain despite nonsurgical interventions, and their 
clinical outcomes were similar to those of the 
patients who received initial surgical treatment. 
Therefore, this previous study has recommended 
surgical treatment for patients who were refrac-
tory to initial conservative treatment and having 
symptoms of knee OA associated with a menis-
cal tear. In the MeTeOR trial [43] and a previous 
study of Yim et  al. [44], arthroscopic and non-

surgical treatments were randomly performed 
on symptomatic patients with a meniscal tear. 
Comparable to the findings of Herrlin et al. [42], 
no difference was present in pain and functional 
scores during the follow-up between the two 
groups. In particular, rates of conversion to sur-
gical treatment due to persisting pain after con-
servative treatment in those two previous studies 
were lower than the study of Herrlin et al. [42]. 
According to the reports of Potts et al. [45] and 
Kim et al. [46], even though arthroscopic surgery 
of the knee has been increasingly performed in 
the US and other countries, arthroscopy for knee 
OA has decreased since 2002 after Moseley et al. 
reported their surgical outcomes.

In 2007, the National Institute for Clinical 
Excellence (NICE) provided guidelines for 
arthroscopic treatment of OA of the knee. The 
selection of proper patient was emphasized 
because its efficacy is controversial and the proce-
dure was recommended for the knees with lock-
ing associated with intra-articular loose bodies or 
meniscus tears [47]. The American Association of 
Orthopedic Surgery (AAOS) provided OA treat-
ment guidelines, arthroscopy with lavage and/or 
debridement is not recommended in patient with 
a primary diagnosis of symptomatic OA of the 
knee (strength of recommendation: strong). And 
arthroscopic partial meniscectomy is unable to 
be recommended for or against in patients with 
OA with a torn meniscus (strength of recom-
mendation: inconclusive) [48]. Several studies 
have discussed the indications for arthroscopic 
debridement including joint effusion, localized 
joint line tenderness, mechanical symptoms such 
as catching or locking, aggravation of symptoms 
related to acute trauma, intra-articular loose 
body, early-stage degenerative arthritis without 
malalignment, and multiple or large-sized osteo-
phytes [49–54]. The prognostic factors include 
clinical symptoms in the affected joint, mechani-
cal symptoms, duration of morbidity, presence 
of a meniscal tear, ROM, lower limb alignment, 
joint space narrowing, age, weight, and smoking. 
Favorable and unfavorable prognostic factors are 
listed in Table 11.2.
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The patient should be fully aware that the 
goal of arthroscopic treatment is not to cure the 
disorder but to relieve pain. Arthroscopic treat-
ment can contribute to symptomatic improve-
ment in patients with advanced OA if severe 
acute pain related to catching or locking occurs 
in the affected compartment, symptoms related to 
meniscal tear, loose body, or an articular cartilage 
flap exist in an intact compartment, or patello-
femoral impingement, loss of extension, bursitis, 
synovitis, intra-articular ligament damage, which 
is caused by a large-sized osteophyte is present.

11.4  Summary

The efficacy of arthroscopic treatment for knee 
OA can be limited by the progressive condition 
of OA which aggravates over time. Arthroscopic 
debridement should be carefully considered in 
cases of a failure in symptom relief after suffi-
ciently applying nonsurgical interventions, instead 
of performing it as a primary treatment in asymp-
tomatic patients with knee OA. Patient selection 
of treatment options is considerably important in 
the successful treatment of knee OA. The indica-
tions for arthroscopic management include acute 
trauma, effusion, loose bodies, mechanical symp-
toms, and early degenerative change. However, 
the clinical outcomes are not promising in patients 
with advanced OA, malalignment, ligamentous 
instability, and contracture. For the achievement 
of successful treatment results, accurate clini-
cal diagnosis is crucial based on symptoms and 
signs through physical examination, and weight-
bearing radiographs. Furthermore, arthroscopic 

surgery can produce short-term symptomatic 
improvement and be helpful for patients who want 
to postpone total knee arthroplasty. Both surgeons 
and patients should understand the implications 
of the surgery that it has no long-term efficacy and 
cannot alter the progression of OA.
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Osteotomy Around Knee

Sang Won Moon and Young-Kyoung Min

Abstract

Osteotomy around the knee was mainly per-
formed to correct bone deformity of the knee 
in children, but after that, it began to be applied 
to the treatment of arthritis. It was performed 
in osteoarthritis patients with varus or valgus 
deformity, and the concept of delaying degen-
erative changes in joints was established by 
realigning the lower extremities through oste-
otomy. Closing wedge osteotomy, which was 
performed at the proximal tibial ridge includ-
ing fibular osteotomy, was first started, later 
developed into open wedge osteotomy. It also 
evolved from uniplane osteotomy to biplane 
osteotomy. As high tibia osteotomy (HTO) 
was applied to the treatment for deformed 
knees due to osteoarthritis, the incidence of 
osteotomy surgery increased. However, it was 
found that there are cases where it is difficult 
to treat with only HTO. Distal femoral oste-
otomy (DFO) was performed and this problem 
could be resolved. Like HTO, DFO has 
evolved from uniplane osteotomy to biplane 
osteotomy. There was a time when the interest 
in osteotomy declined as the artificial joint 

replacement surgery reported good results. 
However, in young, active patients with osteo-
arthritis, the results of artificial joint replace-
ment were poor. Therefore, a new treatment 
was needed to be applied to them. Osteotomy 
is beginning to be used in young and active 
patients with osteoarthritis. As the fixation 
devices used in osteotomy were developed, 
surgical techniques were established. As the 
osteotomy was properly performed according 
to the preoperative plan, it was established as 
an effective treatment, especially for young 
and active osteoarthritis patients.

Keywords

Tibia · Femur · Osteotomy · HTO · DFO  
Uniplane · Biplane · Closing wedge oste-
otomy · Open wedge osteotomy · Varus 
deformity · Valgus deformity

12.1  History of Osteotomy

The concept of deformity correction for bones 
began in the era of Hippocratic (460–370  BC) 
using the Hippocratic Scamnum, a traction device 
used to fix bones [1]. Osteotomy to correct bone 
deformity around the knee is known to have 
started from the seventeenth century, and it has 
developed with the advancement of anesthesia 
technology, blood transfusion, aseptic equip-
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ment, and imaging equipment from the nine-
teenth century [1, 2]. Until then, it was mainly 
performed in diseases such as severe valgus knee, 
post-traumatic deformity, rickets, or other struc-
tural deformities [3]. Medial open wedge high 
tibia osteotomy (HTO) was first described by 
Lexer [4] in 1931 and Brett [5] in 1935. In 1961, 
Jackson and Waugh [6] published an HTO on 
knee osteoarthritis (OA) with valgus or varus 
deformity. For the first time, they published 
radiographic evidence of realignment and union 
and quantified the correction obtained after oste-
otomy around the knee at an average follow-up of 
31 months. In France, Debeyre and Patte [7] first 
described an open medial HTO in 1961. In 1964, 
Gariepy [8] of Canada introduced the transfibular 
lateral closing wedge HTO in the proximal to the 
tibial tubercle, and the concept of delaying the 
degenerative change of the joint was established 
by realignment by HTO.  Coventry [9] used 
Gariepy’s osteotomy method to perform a closed 
wedge-shaped valgus osteotomy including a fib-
ular osteotomy at the proximal tibial ridge. Early 
weight-bearing and range of motion were possi-
ble using one or two staples. This is also the most 
widely known technique. His rationale was that 
osteotomy should be performed near the area 
where the deformity has occurred, and should 
mainly include the cancellous bone where the 
union progresses faster and that the quadriceps 
muscle should be allowed to pull the osteotomy 
to encourage union. As the locking plate for solid 
fixation developed, the complications of failure 
to fix after osteotomy decreased [10]. However, 
as the results of total knee replacement arthro-
plasty (TKA) improved, interest in osteotomy, 
which had relatively poor treatment results com-
pared to TKA, gradually decreased [11–14]. As 
the age at which TKA was performed gradually 
decreased, TKA began to be applied to young 
and active patients as well. However, the clinical 
outcomes and long-term survival rate of TKA 
were poor in young and active patients with knee 
OA.  Therefore, alternative methods are needed 
for young and active patients with knee OA [15, 
16]. As an alternative, osteotomy began to be 
used in young and active patients with knee 
OA. Osteotomy has been established as an effec-

tive treatment for young and active patients 
through appropriate patient selection, accurate 
preoperative planning, the establishment of sur-
gical techniques, and development of fixation 
devices [17].

12.2  Alignment of Low Extremity

The weight-bearing line (Mikulicz line, mechani-
cal axis) of the lower extremity is a straight line 
connecting the center point of the femoral head to 
the center point of the talar dome in the full 
length anteroposterior (AP) radiograph of the 
lower extremity in the standing position and 
passes through the center point of the tibia nor-
mally [18]. This line is known to pass through the 
center of the knee, and there are still controver-
sies about the center of the knee, but generally, 
this line passes through the medial spine of the 
tibia. In addition, the knee joint line in the coro-
nal plane has an obliquity with a high lateral side 
and a low medial side. For this reason, the medial 
compartment of the knee is loaded with 65%, and 
the lateral compartment is loaded with 35% [19]. 
As result, the progression of osteoarthritis tends 
to be faster in the medial compartment than in the 
lateral compartment [20]. Since the distance 
between the two hip joints is wider than the dis-
tance between the knee joints, the mechanical 
axis of the lower extremities represents varus 3 
degrees with respect to the line perpendicular to 
the ground [21–23]. The case where the mechani-
cal axis of the lower limb passes through the 
medial side without passing through the center of 
the knee joint is called the mechanical varus 
alignment, and the case that passes through the 
lateral side is called the mechanical valgus align-
ment. Varus deformity further increases the load 
on the medial compartment, and valgus defor-
mity further increases the load on the lateral com-
partment [18, 24] (Fig.  12.1). The mechanical 
axis of the femur is a line connecting the center of 
the femoral head to the center of the intercondy-
lar fossa, and the mechanical axis of the tibia is a 
line connecting the center of the tibial plateau to 
the center of the tibial ankle joint [25]. The ana-
tomical axes of the femur and tibia are the axes of 
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the femur and tibial shaft, respectively, and con-
stitute an average of 6 degrees of valgus. The 
mechanical axes of the femur are deviated in an 
average angle of 6 degrees from the anatomical 
axis of femur, and the mechanical and anatomical 
axes of the tibia are almost identical [26]. The 
mechanical lateral distal femoral angle (mLDFA), 
which is the lateral angle formed between the line 
mechanical axis line of the femur and a line con-
necting the articular surface of the medial and 
lateral condyle of the distal, is about 88 degrees 
on average (85–90) [27]. The mechanical medial 
proximal tibial angle (mMPTA) formed by the 
tibial plateau line and the mechanical axis of the 
tibia normally averages 87 degrees (85–90) [13, 
28] (Fig. 12.2).

Applying the center of rotation of angulation, 
that is, the CORA concept defined by Dror Paley 
[29], to the mechanical axis, it played a decisive 

role in determining the location of the deformity, 
the degree of deformity, and the direction in 
which correction is required. If mLDFA is less 
than 85 degrees, it means that there is distal 
femur valgus deformity, and if it is greater than 
90 degrees, it means that there is distal femur 
varus deformity. MPTA is an angle opposite to 
mLDFA, so if it is less than 85 degrees, it means 
proximal tibia varus deformity, and if it is greater 
than 90 degrees, it means proximal tibia valgus 
deformity (Fig.  12.3) When using the CORA 
concept, sometimes the deformity source is the 
opposite. If osteotomy surgery is performed 
without checking the deformity source, this can 
make another malalignment. This leads to a new 
deformity called joint line obliquity, leading to 
early failure [30]. Varus deformity further 
increases the load on the medial compartment, 
and valgus deformity further increases the load 

a b c

Fig. 12.1 Alignments of low extremity. (a) Neutral alignment. (b) Varus alignment. (c) Valgus alignment
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on the lateral compartment. In addition to the 
pathological deformity in the frontal plane, con-
stitutional deformity that is not pathological is 
also common [31]. According to a study con-
ducted in Europe, 32% of males and 17% of 
females have constitutional varus of 3 degrees or 
more, and this needs to be considered [32, 33].

12.3  Effect of Varus or Valgus 
Alignment on Load 
in the Knee

The knee joint is located between the hip joint 
and the ankle joint, and the weight-bearing line 
by gravity normally passes through the center of 
the joint. If the alignment of the lower limbs is 
out of the normal range, an excessive load is 
induced in a specific compartment of the knee 
joint, resulting in pain and deterioration of func-
tion, as well as degenerative changes [34]. 
Chronic overload acting on the medial or lateral 
compartment of the knee causes damage to the 
articular cartilage. This is well known not only in 
biomechanical studies but also in several clinical 
studies [2, 35–37]. The purpose of osteotomy 
around the knee is to correct abnormal lower 
limb alignment between the femur and tibia to 
reduce chronic overload and to transfer the 
weight load of the arthritic compartment to a 
healthy joint surface. It is also to delay the con-

Fig. 12.2 Normal physiologic axes and angles of the 
lower extremities: The physiologic axes and angles have 
an abnormal value in the malalignment of the lower 
extremities. LPFA lateral proximal femoral angle, mLDFA 
mechanical lateral distal femoral angle, JLCA joint line 
convergence angle, MPTA medial proximal tibial angle, 
LDTA lateral distal tibial angle

Fig. 12.3 Normal physiologic axes and angles of the 
knee. mLDFA mechanical lateral distal femoral angle, 
JLCA joint line convergence angle, MPTA medial proxi-
mal tibial angle
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version to TKA by slowing the progression of 
arthritis of the knee joint [38].

12.4  Preoperative Planning

In order to obtain successful results, a thorough 
medical history, preoperative examination, and 
accurate surgical planning are essential. Before 
surgery, the range of motion of the joint should 
be measured and the location of the pain should 
be checked, and instability should be evaluated 
through a varus-valgus stress test and anteropos-
terior stress test. The patient’s gait should be 
evaluated, and the presence of varus thrust gait in 
the standing phase, quadriceps avoid gait, and 
recurvatum should be checked. As a basic exami-
nation, a teleradiography or both lower leg scano-
gram must be included for the evaluation of lower 
limb alignment with the knee joint fully extended. 
At this time, alignment of the lower limbs is 
important, and in general, the position of the foot 
should be slightly inwardly rotated and the patel-
lar should be located in the center of the femur 
with weight-bearing of both lower limbs [39, 40]. 
In addition, for the evaluation of arthritis, both 
weight-bearing anterior-posterior (AP) and true 
lateral X-ray, and 45-degree flexion both weight- 
bearing AP (so-called, Rosenberg view) and 
patella axial view, should be taken [41]. The 
height of the patella can be evaluated using the 
Insall–Salvati, Blackburne–Peel, and Carton–
Deschamps indexes on a true lateral X-ray, and 
tibial tubercle osteotomy may be accompanied in 
cases of high patella [42]. The degree of laxity of 
the medial and lateral collateral ligament and the 
thickness of cartilage can be estimated through 
varus-valgus stress X-ray, and this is reflected in 
the surgical plan [43, 44]. Through magnetic res-
onance imaging, it is possible to evaluate the 
thickness of the cartilage and the presence of 
concomitant damage to the meniscus, the condi-
tion of the anterior and posterior cruciate liga-
ment, the condition of the subchondral bone, 
bone necrosis, and the degree of femoral-patella 

arthritis. In addition, it is necessary to plan the 
surgery in consideration of not only the frontal 
alignment of the entire lower limb but also the 
torsional alignment and the dynamic force when 
walking.

In general, HTO is selected for varus defor-
mity, which accounts for most of the knee joint 
deformity, and DFO is selected for relatively rare 
knee valgus deformity [28, 45]. However, if the 
corrective angle is too large or the tibia and femur 
are both deformed, and either the HTO or the 
DFO cannot obtain adequate correction, a double 
level osteotomy (DLO) can also be considered 
[18, 46].

12.5  High Tibia Osteotomy (HTO)

HTO is one of the surgical treatment methods 
performed in patients with early or mid-stage 
knee osteoarthritis confined to the medial com-
partment with varus deformity. HTO is a surgical 
method to reduce excessive weight load in the 
lesion by correcting the mechanical axis of 
patients with degenerative changes in the knee 
joint and malalignment of the lower extremities.

The purpose of HTO is, first, to correct the 
abnormal alignment of the lower extremities 
formed by the femur and tibia due to degenera-
tive changes in the articular cartilage to transfer 
the weight load of the medial compartment to the 
lateral healthy compartment. Second, it is to 
delay the transition to TKA by slowing the pro-
gression of arthritis in the medial compartment of 
the knee joint [21]. With the recent development 
of TKA, the implementation of HTO is on the 
decline, but it is clear that HTO can provide 
favorable treatment results through appropriate 
patient selection, accurate surgical planning, and 
various surgical techniques [19]. Therefore, 
patient selection in consideration of the extent of 
joint cartilage damage and the patient’s age, cor-
rect preoperative planning, and accurate surgical 
techniques are essential factors for a successful 
outcome.
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HTO can be divided into lateral closed wedge 
osteotomy and medial open wedge osteotomy. 
The lateral closed wedge osteotomy and the 
medial open wedge osteotomy have opposite 
advantages and disadvantages. The advantages of 
lateral closed wedge osteotomy are as follows: 
(1) Bone union is relatively fast, allowing early 
walking. (2) The initial stability is excellent 
because the contraction of the quadriceps muscle 
acts as a compression force. (3) Patellar baja is 
relatively rare. (4) No bone graft or bone substi-
tute is required. (5) The frequency of loss of cor-
rection angle is small. The disadvantages of 
lateral closed wedge osteotomy are as follows; 
(1) The length of the lower limb on the side to be 
corrected decreases. (2) It is difficult to obtain 
accurate correction. (3) Fibula osteotomy or tib-
iofibular separation is additionally required. (4) 
The technique is relatively difficult. (5) There is a 
possibility of nerve injury. (6) Bone defect is 
large when conversion to TKA [47]. The advan-
tage of lateral closed wedge osteotomy is the dis-
advantage of medial open wedge osteotomy, and 
the disadvantage of lateral closed wedge osteot-
omy is the advantage of medial open wedge oste-
otomy. The advantages of medial open wedge 
osteotomy are as follows; (1) The length of the 
side to be corrected increases. (2) It is easy to 
obtain accurate corrections. (3) No fibular oste-
otomy or fibular separation is required. (4) The 
operation time is shortened due to its ease of 
operation. (5) No need for dissection of peroneal 
nerve, so there is less possibility of nerve injury. 
The disadvantages of medial open wedge osteot-
omy are as follows; (1) A bone graft or bone sub-
stitute is required. (2) Bone union is slower than 
closed osteotomy. (3) Patellar baja is relatively 
common [48–51].

It is necessary to understand the advantages 
and disadvantages of lateral closed wedge oste-
otomy and medial open wedge osteotomy and to 
select an appropriate surgical method according 
to the doctor’s skill level and the patient’s charac-
teristics. Recently, medial open wedge osteotomy 
is more common than lateral closed wedge oste-
otomy, and the surgical plan and technique will 
be described focusing on medial open wedge 
osteotomy.

12.5.1  Indications 
and Contraindications

The selection of the appropriate patient is a very 
important factor in the success of the osteotomy. 
The indication for open wedge HTO is a patient 
under the age of 65 with osteoarthritis confined to 
the medial compartment with varus deformity of 
3 degrees or more. The range of motion of the 
joint should be preserved. However, some degree 
of limitation of knee motion, such as flexion con-
tracture is 15 degrees or less, flexion is 90 degrees 
or more, are accepted for surgical indications [2]. 
It also shows good results in cases with medial 
osteonecrosis, osteochondritis dissecans, and 
radial type rupture of the posterior horn of the 
medial meniscus [51]. Contraindications that do 
not show a good prognosis after surgery include 
severe medial osteoarthritis (Kellgren–Lawrence 
classification group 4), when the correction angle 
is more than 20°, the knee flexion contracture is 
more than 15°, osteoarthritis of the preceding lat-
eral compartment, lateral subluxation of the tibia, 
and arthritis caused by inflammatory arthritis 
such as rheumatoid arthritis [52, 53].

12.5.2  Comparison of Indications 
Between HTO 
and Unicondylar Knee 
Arthroplasty (UKA)

Patients with varus deformity of 3 degrees or 
more and symptoms of the medial compartment 
osteoarthritis can be classified into two kinds of 
knee osteoarthritis phenotype. First, when at least 
one of LDFA or MPTA is out of the normal range, 
the joint line congruence angle is normal in early 
arthritis, or the joint line congruence angle is 
abnormal in advanced arthritis. Second, there is 
varus deformity and symptoms in the medial 
compartment, but LDFA and MPTA are normal, 
and joint line congruence angle is abnormal due 
to complete loss of articular cartilage or intra- 
articular lesions such as post-meniscectomy sta-
tus. HTO is appropriate for the first case of varus 
deformity due to bone deformity, and the result-
ing medial compartment symptom. UKA is more 
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suitable for the second case of varus deformity as 
an intra-articular lesion without bone 
deformities.

It is also reported that the tibia bone varus 
angle (TBVA) is 5 degrees or more as an HTO 
indication [54–56]. TBVA is the angle formed by 
the line connecting the center of the tibial spine 
and the point midway proximal tibia epiphysis 
and the tibia mechanical axis on the knee AP 
radiograph [55]. However, poor intra-observer 
reproducibility and low inter-observer agreement 
are reported due to the limitation of TBVA that it 
is difficult to accurately distinguish old epiphy-
seal growth plates [57, 58]. Therefore, TBVA 
assessment is not appropriate to assess tibia bone 
deformity [57].

12.5.3  Patients Selection

12.5.3.1  Age
There is still no consensus on the outcome of 
HTO according to patient age. There are some 
reports that the 10-year survival rate decreases 
when the patient is older than 65 years of age [16, 
59–61], but there are also reports that age does 
not affect the survival rate [62, 63]. In general, 
surgeons tend to believe that the failure rate will 
be higher in the older patient group, so it appears 
to be narrowing the indications. As such, it is 
considered that it is more important to consider 
the physiological age rather than the actual age 
when determining the indication of age because 
the results vary according to the authors.

12.5.3.2  Activity
HTO guarantees the higher degree of activity 
after correction in patients with single compart-
ment osteoarthritis [64, 65]. Fu et al. [66] reported 
that it was possible to walk faster after surgery in 
the HTO group than in the UKA group. Of 
course, there is a disadvantage in that the HTO 
group must undergo a longer rehabilitation period 
[67]. In contrast, in the case of joint replacement 
surgery, moderate activity is possible, and in 
patients with high activity, the longevity of the 
prosthesis may be shortened and the reoperation 
rate may increase [2].

12.5.3.3  Grade of Osteoarthritis
In HTO, the degree of medial compartment 
osteoarthritis is one of the important factors influ-
encing the postoperative outcome. When carti-
lage damage is limited to the medial compartment, 
good results can be expected after surgery, but in 
severe osteoarthritis, the medial pain may persist 
even after surgery [16, 68]. In particular, cases 
with patellofemoral arthritis or progression to 
triple compartment osteoarthritis are contraindi-
cated in HTO [53, 69, 70]. According to the clas-
sification of osteoarthritis proposed by Ahlbäck 
[71], the results were not good for grade 3 or 
higher [72, 73], and better results for grade 0 
[74]. MRI may be performed in patients with 
medial compartment arthritis to identify cartilage 
damage and other concomitant disorders and to 
evaluate lateral compartment cartilage damage 
[75, 76].

12.5.3.4  Range of Motion
Before performing HTO surgery, the patient’s 
range of motion should be examined. Berman 
et al. [77] reported that postoperative results were 
poor when the preoperative range of motion was 
less than 90 degrees. Akizuki et al. [78] reported 
that the range of motion before surgery was 100 
degrees as a reference point for good results after 
surgery. Patients with osteoarthritis have flexion 
contracture, and HTO can correct flexion con-
tracture less than 15 degrees. However, if there is 
a flexion contracture of 15 degrees or more, it is 
difficult to expect satisfactory surgical results 
after surgery because the posterior tibial slope 
change after HTO adversely affects the anterior 
and posterior cruciate ligament [79, 80].

12.5.3.5  Knee Instability
Since there may be cases of alignment abnormal-
ities accompanied by knee instability, it is neces-
sary to examine the ligament condition before 
performing HTO. Changes in the posterior tibial 
slope can affect preoperative planning and post-
operative outcomes depending on the range of 
motion and the anterior and posterior cruciate 
ligament condition [81, 82]. That is, the increase 
of the posterior tibial slope caused by the medial 
open wedge HTO may result in a decrease in 
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hyperextension and a decrease in posterior insta-
bility (increase in flexion contracture and an 
increase in anterior instability) [83, 84]. 
Conversely, the decrease of the posterior tibial 
slope by the closed wedge HTO can lead to an 
increase in hyperextension and an increase in 
posterior instability reduction in flexion contrac-
ture and reduction in anterior instability [85]. In 
the case of chronic anterior cruciate ligament 
injury and varus deformity, only HTO or com-
bined anterior cruciate ligament reconstruction 
can be performed, which is determined by con-
sidering the patient’s age and activity [17, 86, 
87]. If there is only posterior cruciate ligament 
injury or chronic posterolateral instability is 
accompanied by damage to the posterior lateral 
structure, only HTO should be performed first. If 
the instability persists after surgery, consider per-
forming posterior cruciate ligament and postero-
lateral structure reconstruction [17, 88].

12.5.3.6  Body Mass Index (BMI)
Flecher et  al. [15] reported that when the body 
mass index (BMI) is less than 30  kg/m2, the 
results after HTO are better. Giagounidis and Sell 
[89] reported that if the BMI is 10% higher than 
normal, the postoperative pain-free period is 
5 years, and if the body mass index is lower than 
normal 10%, the postoperative pain-free period is 
7.8  years. On the contrary, Naudie et  al. [90] 
reported that patients with a BMI of less than 
25  kg/m2 had worse results after HTO, which 
argued that the lighter people were more active 
and put more load on the osteotomy site. As such, 
the debate on the incidence of weight and OA is 
still ongoing, but it is known that in general, 
obese patients place more load on the knee joint.

12.5.4  Ideal Correction Angle

The correction goals and preoperative planning 
methods of varus deformity vary from author to 
author. Coventry et  al. [45] suggested that the 
anatomical femoral tibial angle should be over-
corrected to 8 degree valgus, and Hernigou et al. 
[91] suggested that the mechanical axis should be 
corrected to 3–6 degree valgus. Fujisawa et  al. 

[23] reported that the postoperative mechanical 
axis should pass 60%–70% from the medial side 
of the tibial plateau. Miniaci et al. [92] reported 
that it should pass 60%–70% of the tibial plateau, 
and Dugdale et  al. [43] reported that it should 
pass through 62% of the tibial plateau. This was 
the same as the location mentioned by Fujisawa 
et al. [23]. The results of this study later became 
the gold standard for calibration targets under the 
name of Fujisawa point-62% from the tibia 
medial side. Afterward, recognizing the limita-
tions of the Fujisawa point, the researchers began 
to look more closely at the results of the correc-
tion angle. In a study through gait analysis, 
Prodromos et  al. [93] reported that even if the 
same correction angle was obtained after surgery, 
the adductor moment of the knee joint was differ-
ent for each patient, and the loss of correction 
increased when the moment was large. Even after 
HTO surgery, patients with high adduction 
moments tended to get worse and more varus 
deformity before surgery. Therefore, dynamic 
loading such as gait analysis as well as static 
alignment should be considered in HTO surgery.

There are still controversies about the ideal 
corrective goal for reducing pain, restoring func-
tion, and prolonged knee use after surgery. 
Hernigou et al. [91], in a retrospective analysis of 
the 93 knees, found that the results deteriorated 
significantly from 7 years after surgery. However, 
patients with a hip–knee–ankle angle of 183–186 
degrees (mechanical axis valgus 3–6) reported 
better results in long-term follow-up. Jakob and 
Jacobi [94] reported that the degree of correction 
should be adjusted according to the cartilage 
thickness of the medial compartment. If one-third 
of the medial cartilage is damaged, the mechani-
cal axis should pass 10%–15% outward from the 
center of the tibial plateau, 20%–25% when two- 
third of the medial cartilage is damaged, and if all 
medial cartilage was damaged, it was reported 
that the 30%–35% point should be passed. In 
general, many studies to date have recommended 
correction in the range of 5 to 16 degrees valgus 
[95–98]. However, there are studies showing that 
there is no correlation between the degree of val-
gus and the improvement of symptoms after sur-
gery [99, 100]. Several studies have also reported 
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that lateral compartment degeneration progresses 
even with mild overcorrection [91, 101]. 
However, most authors generally agree that the 
ideal correction goal is in the range of 3–8 valgus 
[45, 96, 98, 101]. In summary, postoperative 
 clinical results are considered to be good if the 
mechanical axis is 3–5° valgus or a weight- 
bearing line is positioned at 62%–65% in the 
lower extremities orthoscanogram after HTO.

12.5.5  Preoperative Correction Plan 
in Coronal Plane

 1. Miniaci method: Draw a line so that the post-
operative corrective line goes from the center 
of the femoral head to the ankle joint while 
passing the tibial plateau to the desired 
weight-bearing position by the operator. (Line 
A). Draw a line from the hinge point of the 
HTO to the center of the ankle joint (Line B), 
and draw a line where Line A intersects at the 
hinge point (Line C). At this time, it is impor-
tant to note that the lengths of Line B and Line 
C must be the same. If they are not the same, 
a slight difference in angle may occur. The 
angle between Line B and Line C is the cor-
rective angle planned by the Miniaci method 
[92] (Fig. 12.4).

 2. Dugdale method: Draw a line from the center 
of the femoral head to the point of 62.5% of the 
tibial plateau (Line A). Next, draw a line from 
the center of the ankle joint to 62.5% of the 
tibial plateau (Line B). The angle between Line 
A and Line B is the corrective angle planned by 
the Dugdale method [43] (Fig. 12.5).

 3. Weight-bearing scanography method: Take a 
weight-bearing scanogram and print it in 
actual size. After cutting the part to be osteot-
omy, draw a line and rotate it between 62% 
and 65% so that the weight-bearing target 
point is passed. The degree of correction can 
be planned by directly measuring the size of 
the osteotomy part using a ruler [102] 
(Fig. 12.6).

 4. Method of checking lower limb alignment 
during surgery: During the operation, it is nec-
essary to check whether the lower limb align-

ment is corrected according to the preoperative 
plan. In order to check the alignment of the 
lower extremities during surgery, a method 
using a cable or rod is classically used, but 
there are problems in accuracy and reproduc-
ibility [103]. Computer-assisted orthopedic 
surgery (CAOS) or navigation system, which 
is recently used to increase the accuracy, pre-
cision, and reproducibility of surgery, pro-
vides information on the anatomical position 

Fig. 12.4 Miniaci method: Line A represents the planned 
weight-bearing line for the postoperative correction 
extending from the center of the hip to about 62% of the 
tibial plateau width. Line B connects the osteotomy hinge 
point with the center of the ankle. Line C connects the 
osteotomy hinge point with the arc intersection of Line 
A. The θ angle formed by Lines B and C is the planned 
correction angle
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in real time during surgery to determine the 
desired correction angle. There is an advan-
tage of being able to obtain more accurately, 
reducing error ranges and outliers, and 
improving correction precision [102, 104]. 
Limb alignment assessment using a naviga-
tion system is performed under anesthesia in 
the supine position. Therefore, there is an 
angle discrepancy of limb alignment between 
supine and standing positions. Additional 
studies and long-term follow-up are needed 
for clinical results.

 5. Trigonometric data: Hernigou et  al. [105] 
used trigonometric data to transform the cor-
rection angle into the height or distance of the 
osteotomy gap, that is, mm.

12.5.6  Preoperative Correction Plan 
in the Sagittal Plane

When the posterior tibial slope angle is increased, 
flexion contracture occurs and the anterior sub-
luxation of the tibia and the tension of the ante-
rior cruciate ligament are increased, thereby 

Fig. 12.5 Dugdale method: Line A is drawn from the 
center of the femoral head to 62.5% of the tibial width. 
Line B is drawn from the center of the talus to the 62% 
coordinate. The θ angle formed by these two lines is the 
correction angle

a b

Fig. 12.6 Printed weight-bearing scenography measure 
method: A template was cut through the osteotomy site, 
and the osteotomy site was opened until the weight- 
bearing line passed through the 62%
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reducing the posterior subluxation of the tibia 
that occurs when the posterior cruciate ligament 
is defective [81]. Conversely, when the posterior 
tibial slope angle decreases, hyperextension 
occurs and the posterior subluxation and tension 
of the posterior cruciate ligament increase, 
thereby reducing the anterior subluxation of the 
tibia that occurs when an anterior cruciate liga-
ment is defective [82]. That is, it should be con-
sidered that the knee joint deformities such as 
flexion contracture and hyperextension could be 
corrected by adjusting the posterior tibial slope 
angle. However, if the posterior tibial slope angle 
increases by more than 10 degrees, the force 
applied to the anterior cruciate ligament increases 
more than three times, so care should be taken 
[106]. In the case of open HTO, the posterior 
tibial slope angle tends to increase by 3 degrees. 
In chronic posterior cruciate ligament injury, an 
increase in posterior tibial slope angle may be 
helpful. Conversely, in closed HTO, the posterior 
tibial slope angle tends to decrease by about 3 
degrees. Reduction of the posterior tibial slope 
angle may be helpful in chronic anterior cruciate 
ligament injury [52].

Several studies have been conducted to find 
the cause of unintended change in tibial sagittal 
plane slope after medial open wedge HTO [44, 
107, 108]. Known causes are incomplete poste-
rior cut [44], improper gap ratio [108], and inap-
propriate hinge position [107]. Therefore, in 
order to prevent unintended change in tibial sag-
ittal plane slope after medial open wedge HTO 
surgery, a complete posterior cut, proper gap 
ratio (open the anterior and posterior of the oste-
otomy site to about 2:3), and a true lateral hinge 
position are required [83, 84]. It is also impor-
tant to make sagittal osteotomy inclination par-
allel to the native tibial sagittal plane slope 
[109]. In the process of spreading the osteotomy 
site using a spreader, a change in the tibial sagit-
tal plane slope may be caused by the position of 
the spreader. In general, the spreader should be 
placed in the posterior of the osteotomy site. At 
this time, if the spreader is located at the pos-
teromedial corner, the plate position may be 
located somewhat anterior. If the spreader is 

placed in the anterior of the osteotomy site to 
place the plate in the posterior, the tibial sagittal 
plane slope may increase.

12.5.7  Surgical Technique

12.5.7.1  Approach
The patient is placed in a supine position on a 
radiolucent surgical table. Placing a radiopaque 
label on the femoral head prior to the orthopedic 
drape helps to evaluate the mechanical axis of the 
lower limb during surgery. Anatomical land-
marks such as the medial joint line and the proxi-
mal boundary of pes anserinus, superficial MCL, 
and tibial tubercle are drawn on the skin in a 
30–45 degree knee flexion. After making a longi-
tudinal incision of about 5–6 cm on the medial 
surface of the patellar tendon and the middle of 
the tibia posterior boundary, the subpatellar 
branch of the saphenous nerve is preserved. After 
exposing pes anserinus, make an incision at the 
attachment and pull it posteromedially. Pes anse-
rinus can be operated while preserving, but it is 
better to remove it as it may cause tendinitis and 
flexion contracture due to friction with the metal 
plate if it is sutured after fixing the metal plate. 
There are two methods of partially dissecting the 
superficial medial collateral ligament, the first is 
to check the medial collateral ligament and then 
transection parallel to the articular surface at the 
osteotomy position, and the second is to reduce 
the pressure on the joint surface by detaching the 
medial collateral ligament from the distal attach-
ment site. Among them, the method of transec-
tion of the ligaments has good visibility during 
surgery [50].

12.5.7.2  Single Plane Osteotomy 
Technique of Tibia

Before starting the osteotomy, a long tongue 
retractor should be used to protect the neurovas-
cular structures at the posterior. Two guide pins 
must be inserted, and the insertion position of the 
pin is the most important. Before pin insertion, 
the knee joint must be slightly flexed so that the 
knee joint can be observed in parallel with a 
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radiograph. Guide pin insertion begins at the 
metaphyseal flare, which is located 3 cm below 
the articular surface. The metaphyseal flare coin-
cides with the patellar tendon attachment site and 
is formed parallel to the joint line, so the osteot-
omy is performed by palpating it. First, insert the 
front K-wire toward the “safe zone.” The “Safe 
Zone” is the space between the tip of the fibula 
and the circumference line of the fibula head. 
There is a joint capsule on the outside, which can 
prevent dislocation due to fracture of the lateral 
cortex [110]. The second K-wire is inserted par-
allel to the first K-wire and parallel to the poste-
rior slope angle, and the surface connecting the 
two K-wires becomes the cutting surface for the 
osteotomy. Insert an oscillating saw under the 
two guide pins (approximately 50%–60% of the 
osteotomy surface is with an oscillating saw, and 
then, carefully but sufficiently perform the oste-
otomy using an osteotomy). Osteotomy is com-
pleted by spreading the cutting area using 3 or 4 
chisels. The important thing at this time is that 
osteotomy should be performed with about 
5–10 mm of the lateral cortex remaining during 
the osteotomy. Insert the first chisel 5–10  mm 
from the end of the lateral cortex. The second 
chisel is inserted along the first chisel, and the 
third chisel is inserted between the first and sec-
ond. Carefully apply valgus force to open the 
osteotomy surface and insert the bone spreader 
deeply into the osteotomy surface. Insert the 
driver into the bone spreader, turn it slowly clock-
wise, and check the alignment and correction of 
the lower extremities using fluoroscopy. There 
are several ways to maintain the osteotomy sur-
face. The first is to use a metal block, the second 
is to use a distractor, the third is to use a tricorti-
cal iliac bone graft, and the last is to use a syn-
thetic bone block. These are useful methods for 
maintaining the osteotomy spacing before insert-
ing the metal plate. The distractor should be 
opened 1–2  mm wider than the planned value, 
and if it is opened more than 10 mm, it must be 
opened carefully to prevent lateral cortical frac-
ture, and use a metal block or bone block is 
advantageous to fix it.

12.5.7.3  Dual-Plane Osteotomy 
Technique of Tibia

After exposing the insertion site of the patella 
tendon, the knee is flexed 90 degrees. The course 
of the osteotomy running from the front to the top 
is marked with an electric cautery, and the saw 
cut ending behind the patellar tendon attachment 
is raised at an angle of 110 degrees from the hori-
zontal line to prepare for dual-plane osteotomy. 
After exposing the medial cortex of the tibia, drill 
two guide pins in the direction of the osteotomy 
line at about 4 cm below the joint surface. The 
posterior pin is inserted into the cranial border of 
pes anserinus just in front of the posterior tibial 
ridge, and the second pin is inserted 2 cm anteri-
orly parallel to the first pin. The pin must stop 
exactly in the lateral cortex. The depth of the 
resection should be 5–10  mm from the lateral 
cortex to leave the hinge of the lateral cortex, and 
the tibial tubercle should have a width of 
15–20 mm or more. Horizontal osteotomy is per-
formed with an oscillating saw with a rail under 
the two guide pins, and the posteromedial cortex 
of the tibia is completely osteotomized. At this 
time, the anatomical structure on the posterior 
side of the tibia is protected with a long nose 
Hohmann retractor, and irrigation is performed 
during saw cutting to continuously cool the saw 
blade and proceed slowly with very little pres-
sure. When the posterior two-third of the tibia is 
sufficiently osteotomized, the anterior ascending 
saw cut is performed by changing to a narrow 
saw blade, and complete osteotomy including the 
lateral cortex is performed. After performing the 
osteotomy of the medial cortex, the saw blade 
faces the coronal surface, and when a double 
plane is cut, bones meet between the two surfaces 
of the anterior osteotomy to increase the stability 
of the sagittal plane after surgery.

12.5.7.4  Insertion and Fixation 
of Metal Plates

In a single plane osteotomy, three locking screws 
can be fixed to the proximal part of the osteot-
omy, and due to this, a somewhat weak fixation 
force can be assisted to endure axial compression 
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using a metal block or a bone block. First, check 
the position of the metal plate using fluoroscopy, 
and adjust the position of the metal plate as nec-
essary. When the metal plate is fixed to the bone, 
the locking screw is inserted in the proximal part 
of the osteotomy to fix it first, with the knee gen-
tly overextended to prevent an increase in the 
posterior slope angle of the knee joint. And then, 
the ankle is internally rotated to fix the metal 
screw at the distal part of the osteotomy to pre-
vent external rotation of the lower limb. Finally, 
if a metal block is used, fix the screw connected 
to the metal block. For rigid fixation during sin-
gle plane osteotomy, fix the proximal metal screw 
and fix only the near cortex with a drill bit in the 
hole at the bottom of the distal part, or temporar-
ily fix it using K-wire, and then the gap between 
the metal plate and the bone can be narrowed by 
inserting a compression screw just below the 
osteotomy site. At this step, care must be taken 
not to overcompression when using a compres-
sion screw. Afterwards, the locking screw is fixed 
to the distal cortical bone in the remaining lock-
ing screw hole, and the previously inserted com-
pression screw is also fixed again with the locking 
screw. The dual-plane osteotomy is a technique 
that can insert four locking screws in the proxi-
mal part, so it has the advantage of obtaining suf-
ficient fixing power. The plate in the form of a 
locking-compression plate is rigid, and it is 
designed to be compression fixed. Compression 
fixation is useful when there is a Takeuchi type 1 
lateral cortical fracture, and when the fracture 
line is located in the “safe zone,” it is not neces-
sary to use a compression screw [111]. Even if 
the fracture line is not observed, if compression 
fixation is performed when the gap between the 
plate and the bone is greater than 4  mm, a 
Takeuchi type 2 lateral cortical fracture may 
occur. During dual-plane osteotomy, fix the prox-
imal locking screw for rigid fixation, then tempo-
rarily fix only the near cortex with a drill bit in 
the lowermost hole in the distal part, and then fix 
the compression screw just below the osteotomy. 
Afterwards, the locking screw is fixed to the dis-
tal cortical bone in the remaining locking screw 

hole, and the previously inserted compression 
screw is also fixed again with the locking screw. 
The recently developed metal plate is an anatom-
ically designed metal plate that gives a posterior 
inclination and allows a little more bending when 
viewed from the side, so that it can be applied 
close to a bone. If the metal plate is firmly fixed, 
bone graft is not required even if the osteotomy 
space is about 12–14 mm. If the osteotomy gap is 
larger than this, an autogenous bone graft may be 
performed at the osteotomy gaps to promote 
mechanical support and bone union, and alloge-
neic cancellous bones and artificial bones may be 
used [15].

12.5.7.5  Rehabilitation
It is recommended to apply an ice pack immedi-
ately after surgery and to use an intermittent 
venous compression pump at the beginning. On 
the first day after surgery, dressing is performed 
to see the state of the soft tissue, and if the fixa-
tion is appropriate in the open HTO, wear an 
HTO brace with crutches from the first day and 
start walking with a weight of about 15–20 kg. 
However, weight-bearing walking may be 
delayed depending on the presence or absence of 
a fracture or the degree of fixation of the metal 
plate during surgery. For 1 week of surgery, start 
the 0°–90° joint movement using the HTO brace 
and gradually progress to full weight bearing 
over the next 4–6 weeks. Up to 12 weeks after 
that, increase weight bearing without braces. 
Since the results of surgery may vary depending 
on the patient, it is necessary to evaluate whether 
the correction is well maintained until 6 months 
after surgery by taking a basic radiographic 
examination and a full-length radiographic image 
of the lower extremity [112].

12.5.7.6  Complications
The most important thing after surgery is to pre-
vent recurrence of deformity, and the most com-
mon cause of recurrence is a fracture of the lateral 
cortical bone that acts as a hinge. The prognosis 
can be predicted by the Takeuchi classification, 
and osteotomy line targeting the “safe zone” is an 
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important surgical method to prevent lateral 
hinge fracture [110, 111]. Also, the most danger-
ous complication of open HTO is posterior popli-
teal artery and nerve damage [113]. To prevent 
this, as described above, the use of a saw should 
be performed up to 50%–60% of the osteotomy 
surface, and then osteotome should be used, and 
when posterolateral cortex osteotomy, an osteot-
omy protector such as a long nose Hohmann 
retractor should be used to protect the arteries 
and nerves. Soft tissue swelling and lymphedema 
may occur after surgery, and anti-inflammatory 
drugs, manual lymphatic drainage, and intermit-
tent venous compression pumps can be applied. 
In the case of deep vein thrombosis or pulmonary 
embolism, medical treatment is required. 
Compartment syndrome may occur due to an 
increase in compartment pressure after surgery, 
and if there are imminent symptoms such as 
swelling of the lower extremities, abnormal sen-
sations, and severe pain, early evaluation of clini-
cal symptoms and compartment pressure is 
necessary. Diastolic blood pressure and blood 
pressure of compartment pressure when the dif-
ference is less than 30 mmHg, it can be strongly 
suspected and is an adaptation for emergency fas-
cia incision. If the infection is strongly suspected 
after surgery, early marginal resection and antibi-
otics are required. In addition, a delayed union of 
the osteotomy may be suspected if continuous 
pain is accompanied during walking even at 
6–9 weeks postoperatively, and fine movement of 
the lateral cortex of the osteotomy can be 
observed on the radiograph. About 0.7%–4.4% of 
complications such as delayed union and non-
union after open HTO have been reported [114]. 
In this case, bone graft or metal plate reapply 
should be considered. Autogenous bone graft 
should be considered for large correction angles 
(14 mm or more) because the possibility of non-
union is reduced during autologous bone graft.

12.5.7.7  Results
Darees et al. [115] performed medial open HTO 
in 51 patients using Tomofix™ locking plate 
(Synthes, Oberdorf, Switzerland) without void 
filling. An average of 10 years was observed, and 
finally, 48 patients were evaluated. Average 

HKA was 172  ±  3.18° (165–178°) before sur-
gery, 181 ± 1.18° (176–185°) immediately after 
 surgery, 181  ±  1.60° (176–185°) 2  years after 
surgery, 181 ± 1.60° (176–185°) 10 years after 
surgery ±1.60° (176–185°). The 10-year survival 
rate was 88% (95% CI: 81–98%). Complications 
occurred in four cases (8%). There were three 
cases within 2 years after surgery, two nonunions 
and one infection. And about 10 years after the 
operation, one infection occurred. Jin et al. [116] 
analyzed the results after medial open wedge 
HTO in 339 patients. Follow-up was observed 
for at least 5  years, and the average follow-up 
period was 9.6  years. Average HKA was from 
7.2° of varus before surgery to 3.4° of valgus for 
1  year after surgery and was maintained until 
10 years after surgery. The 5-year survival rate 
was 96.8%, the 10-year survival rate was 87.1%, 
and the 13-year survival rate was 85.3%. The 
authors report that medial open wedge HTO is 
an effective treatment that provides acceptable 
survival rates and satisfactory outcomes in rela-
tively young and active patients with osteoarthri-
tis and varus deformity. Hantes et  al. [117] 
performed medial open wedge high tibial oste-
otomy in 20 patients under 45 years of age. The 
mean mechanical tibiofemoral angle (mTFA) 
was 5.8 ± 2.4° before surgery, 2.5 ± 1.9° imme-
diately after surgery, and 2.2  ±  1.7° at the last 
follow-up. The average survival rate was 95% at 
12.3 years follow-up.

12.6  Distal Femoral Osteotomy 
(DFO)

The valgus deformity of the knee joint is less fre-
quent than the varus deformity, and the biome-
chanical characteristics are also different from 
the varus knee. Usually, the valgus knee is a con-
genital origin with a superolateral tilt of the tibia. 
Acquired, it is often caused by lateral meniscus 
resection or trauma. Varus deformities mostly 
occur in the proximal tibia, while valgus defor-
mities mostly occur in the distal femur. Just as 
varus deformity can be treated with HTO, DFO 
can be applied to valgus deformity. However, 
even if there is a valgus deformity, it must be cor-
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rected as HTO if the deformity occurs at the 
proximal tibia. The surgical method such as HTO 
or DFO should not be determined according to 
the deformity type, whether it is valgus or varus, 
but the surgical site should be determined accord-
ing to where the deformity occurred. DFO is a 
surgical method that relieves pain by moving the 
weight load of the lower limbs from the lateral 
side to medial side [18, 118]. DFO has the advan-
tage of minimizing the relaxation of the medial 
collateral ligaments, so that the transcondylar 
line and the mechanical axis of the lower extrem-
ities become vertical by reducing the superolat-
eral tilt of the joint after surgery [119, 120].

12.6.1  Indication 
and Contraindication

Indications for DFO include degenerative changes 
limited only to the lateral compartment of the 
knee joint, with valgus deformity of 12 degrees or 
more, inclination angle of the joint surface more 
than 10 degrees after correction, age of patients 
under 60 years old, rickets, renal dystrophy, polio, 
lateral osteochondritis in young patients, con-
genital valgus, recurrent dislocation of the patella 
with valgus, and valgus deformity due to other 
trauma or muscle neurological disease [70, 120, 
121]. In addition, if there is no instability of the 
knee, and the range of motion before the surgery 
is more than 90 degrees, and the flexion contrac-
ture is less than 15 degrees, surgery can be per-
formed [122]. The primary indication for DFO is 
degenerative arthritis and valgus deformity, which 
complains of severe pain, but recently, it is also 
performed together to obtain the best results after 
surgery such as ligament reconstruction, cartilage 
transplantation, or meniscus allograft. In the case 
of recurrent patellar dislocations, medial impli-
cations with DFO can correct excessive Q angle 
and prevent recurrence of the dislocation [123]. 
Absolute contraindications to surgery are cases of 
extensive and ambiguous knee joint pain, the main 
cause of the pain is in the patellofemoral joint, 
the meniscectomy of the medial compartment 
where the weight bearing is likely to be concen-
trated after osteotomy, and degenerative arthritis 

involving bilateral compartments. Infectious or 
 inflammatory diseases of the knee joint, poor soft 
tissue at the surgical incision, and the inability of 
the patient to cooperate with surgery and rehabili-
tation [70, 122, 124]. Relative contraindications 
include the age of patients over 60 years old, knee 
range of motion less than 90 degrees, obesity, sub-
luxation of the knee joint, and moderate ligament 
instability [70, 122]. If the patient’s main symp-
tom is pain in the femoral-tibial joint, even if the 
patient is accompanied by less than severe patellar 
arthritis, it is not contraindicated in surgery [122].

12.6.2  Preoperative Planning

Before surgery, a thorough medical history and 
physical examination should be performed. The 
patient’s age, occupation and preoperative activ-
ity, and expected activity after surgery should be 
considered. Through interviews, patients should 
be informed in advance that a completely normal 
joint cannot be acquired even after a successful 
operation and that the degree of pain reduction is 
less and the time required for rehabilitation is 
longer compared to TKA. Through the physical 
examination, the patient’s degree of obesity, soft 
tissue conditions around the knee joint, range of 
motion, knee instability, and ligaments are evalu-
ated, and an appropriate surgical plan is estab-
lished. If ligament instability is suspected, stress 
tests can be performed and ligament relaxation 
should be considered when determining the cor-
rection angle. Radiography is performed to accu-
rately assess the area and extent of degenerative 
changes. Basically, the true anteroposterior and 
lateral X-ray of the knee joint should be taken, 
and the patellar axial view is performed. In addi-
tion, in order to evaluate the degenerative change 
and joint spacing change of both sides of the knee 
joint, the Rosenberg view of the knee joint flexed 
45 degrees with the standing position and both 
lower extremities orthoscanogram to evaluate the 
physiological axis of the lower limb and to deter-
mine the correction angle are necessary.

How to determine the correction angle is 
controversial and there is no consensus yet. 
Depending on the authors, it is recommended 
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that the mechanical axis of the lower extremities 
pass through the center of the knee joint after 
surgery, or the mechanical axis passes the 
medial side of the knee joint with a mechanical 
femoral- tibial angle of 1–3 degrees or an ana-
tomical femoral- tibial angle of 6–10 degrees 
[70, 124–126]. Currently, the angle of correc-
tion is often determined so that the mechanical 
axis passes right inside the center of the knee 
joint or the medial side of the medial tibial spine 
[70, 124]. The correction angle can be deter-
mined through both lower extremities ortho-
scanogram. Draw the mechanical axis line AD 
from the center point A of the talus to the center 
point D of the femur head. Draw a new mechan-

ical axis line C through the femur center point D 
and a new target line through the target point 
(most directly inside the tibia medial spine). 
Draw a line AE from the center point A of the 
talus to the endpoint E, where E is the same 
level as the center point D of the femur. Draw a 
line HD from point H to the center point D of 
the femur (mostly the lateral cortex of the supra-
condylar region) and draw the line HE from the 
hinge point H to E as well. The angle α between 
the line HE and line HD formed at this time 
becomes the size of the angle to be corrected. 
After β is the same size as α, the osteotomy can 
be performed by the amount of β produced [70, 
124] (Fig. 12.7).

Fig. 12.7 Miniaci 
method: Line AD 
represents the weight- 
bearing line. Line C 
represents the planned 
weight-bearing line. 
Line AE intersects line 
C on tibia plateau. H is 
the hinge point. The 
angle α becomes the 
correction angle. If β is 
the same size as α, the 
osteotomy can be 
performed
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12.6.3  Medial Closing Wedge 
Osteotomy

Medial closing wedge osteotomy is one of the 
most commonly used DFO methods. A surgical 
approach is performed from the medial side and 
then wedge osteotomy is performed to remove 
the bone and close the osteotomy site. Bone graft 
is not required and quick bone union can be 
obtained, but the shortening of the lower extremi-
ties may occur after surgery. Before performing 
an osteotomy with medial closed wedge osteot-
omy, arthroscopy is first performed to evaluate 
the condition of the knee joint. Surgery uses a 
slightly medial incision of the knee joint approxi-
mately 10–15 cm long from the joint line to the 
proximal portion of the distal femur. The fascia 
on the medial side of the distal femur is incised to 
expose the medial vastus and adductor tendon, 
detach from the medial intermuscular septum, 
and pull forward. If necessary, the medial patel-
lofemoral ligament can be partially incised to 
expose the surgical site. Afterward, the musculo-
skeletal septum is incised, and a Hohmann retrac-
tor is inserted into the posterior of the femur to 
expose the femur medial condyle. To insert a 
guide pin, face the metal plate and mark the oste-
otomy site with an electrocautery device, and 
then insert the anterior K-wire obliquely in the 
lateral condyle direction starting from the oste-
otomy site. Insert the posterior K-wire parallel to 
the first k-wire. After that, measure the degree of 
bone to be removed using a ruler, and insert a 
K-wire so that the K-wires meet each other in the 
lateral cortex.

For uniplane osteotomy, osteotomized 
between the K-wires with a saw, and if there is 
5 mm remaining from the lateral cortex, carefully 
perform the osteotomy using an osteotome. In 
order to remove the planned amount of femur and 
prevent lateral femoral fracture, multi-drilling 
was performed and then gradually applied varus 
force to complete the closed wedge DFO.  The 
guide pins must be inserted with the same thick-
ness on the front and bottom of the femur, so that 
the space behind the closed wedge osteotomy 

fits. If force is applied excessively, a surgical 
fracture occurs, so you can do it slowly and 
repeatedly with appropriate force. After perform-
ing a closed wedge osteotomy, press the sole of 
the foot with the operator’s stomach (after 
weight-bearing) and check whether the desired 
correction is achieved. When fixing the metal 
plate, check that the metal pin does not enter the 
joint space. The principle of biplane osteotomy is 
to increase the fracture healing ability by expand-
ing the osteotomy surface, but it has a disadvan-
tage that the operation is difficult. In particular, 
the anterior femur in Asians is small, making it 
difficult to perform an osteotomy. However, since 
the contact area is large, it has an advantage for 
the bone union. First, a K-wire is inserted where 
the osteotomy is to be performed, and the target 
point is the same as for a single plane osteotomy. 
However, since one-third of the anterior thigh 
should be left like a roof, a K-wire is inserted into 
the area under two-third of the thickness of the 
femur, and osteotomy is performed. Use the 
smallest and thinnest saw to perform the osteot-
omy carefully. In particular, the saw should not 
damage the roof bone, and after the osteotomy of 
the lower femur is completed, the upper femur is 
cut with a thin saw in the 110° direction. After 
performing a closed wedge osteotomy, press the 
sole of the foot with the operator’s stomach (after 
weight-bearing) and check whether the desired 
correction is achieved.

12.6.4  Rehabilitation

Depending on the operator, the duration and 
method of rehabilitation after surgery are some-
what different, but from 1 day after the surgery, 
range of motion exercise of the knee joint is 
allowed and toe-touch weight-bearing ambula-
tion is performed using crutches for 2  weeks 
[125, 127]. From 2  weeks after surgery, start 
walking with partial weight as much as possible 
according to the patient’s pain, and allow full 
weight-bearing walking when bone union at the 
osteotomy site is confirmed. Before the bone 
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union is completed, since the osteotomy site is 
vulnerable to torsion force, care must be taken 
not to apply torsion force to the femur during the 
rehabilitation period.

12.6.5  Complications

Complications of surgery can be caused by a 
variety of causes, such as inappropriate patient 
selection, incorrect preoperative planning, prob-
lems with techniques, or postoperative rehabilita-
tion. If the corrective angle before surgery is 
incorrectly planned, or if the correction is exces-
sive due to improper correction during surgery, 
an excessive load is applied to the medial com-
partment and degenerative arthritis may also 
occur in the medial compartment. In case of 
insufficient correction, the planned movement of 
the mechanical axis before surgery is not per-
formed properly and the patient’s symptoms do 
not improve, resulting in failure of the surgery. It 
is very important to accurately establish a correc-
tion plan before surgery and to ensure that proper 
correction is made by fluoroscopy during sur-
gery. In the case of partial detachment of the 
insertion portion of the medial patella-femoral 
ligament and the medial vastus muscle to expose 
the distal part of the femur, reconstruction can 
prevent patella instability or dislocation. When 
performing an osteotomy, care must be taken to 
prevent fracture by cutting to the opposite bone 
cortex, and if a fracture occurs, internal fixation 
using metal plates on both sides should be per-
formed. There may be damage to the femoral 
nerve, sciatic nerve, or femoral vessel due to 
excessive traction or dissection during surgery, or 
direct damage during osteotomy [70, 121]. 
Therefore, in order to prevent nerve and blood 
vessel damage, it is necessary to carefully per-
form dissection, retractor position, and osteot-
omy during surgery. After surgery, a pad should 
be placed on the posterior of the knee joint or the 
knee joint should be fixed in a slightly flexed 
state to reduce the risk of peroneal nerve palsy. 
The occurrence of compartment syndrome after 
DFO is not common, but if overlooked, it can 
have serious consequences, so careful observa-

tion after surgery is required. Since hematoma 
formation is mostly caused by excessive bleed-
ing, it is important to place a suction drainage 
tube at the surgical site to prevent blood from 
accumulating [70, 128]. If compartment syn-
drome occurs, immediate surgical hematoma 
removal and fascial dissection are performed. 
Deep infection at the surgical site is not common, 
but the incidence is high when using external fix-
ators [128]. If antibiotics do not improve after 
starting administration, marginal debridement 
should be performed to remove necrotic and 
infected tissues, and removal of the fixator should 
be considered. In addition, after surgery, deep 
vein thrombosis or pulmonary embolism may 
occur, and knee joint stiffness may occur due to 
inappropriate rehabilitation [125]. In addition, 
delayed union or nonunion may occur at the oste-
otomy site, and broken off the internal fixator 
may occur, so care should be taken [122, 129].

12.6.6  Results

Several authors reported various results of DFO, 
and the choice of target patient, technique, and 
alignment of the lower limbs after surgery all 
affected the results. In the report of Backstein 
et al. [126], 40 cases of close osteotomy were fol-
lowed up at 123 months, and functional improve-
ment in 59% and survival rates of 82% after 
10 years and 45% after 15 years were observed. 
Wang and Hsu [122] reported a functional 
improvement of 92% and a survival rate of 87% 
after performing a close osteotomy in 30 patients 
with valgus and lateral compartment arthritis of 
12 degrees or more and observed for 99 months. 
Kosashvili et al. [130] performed closed osteot-
omy in 33 cases, and the average knee society 
score improved from 36.8 points to 77.5 points 
one year later, but reported a 48.5% failure rate 
after 15.6 years, requiring conversion to TKA in 
about half of the patients. Aglietti and Menchetti 
[131] reported that 18 patients with valgus knee 
were treated with DFO and followed up for 
9  years with a success rate of 77%. Edgerton 
et al. [129] reported a success rate of 71% as a 
result of 8.3-year follow-up observation of 24 
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patients after surgery. Patients with degenerative 
changes confined to the lateral compartment 
showed a high success rate of 86%. Thein et al. 
[124] performed lateral open osteotomy in six 
patients with lateral compartment degenerative 
arthritis and followed up for 6.5 years. As a result 
of the study, symptoms improved in all patients, 
bone union was obtained, and additional surgery 
was not required. On the other hand, Nelson et al. 
[132] performed DFO in nine patients and 
observed that the average knee society score 
improved from 35 to 84 points and the range of 
motion from 81.8 to 105.9 degrees as a result of 
follow-up for 14  years. However, five patients 
converted to TKA due to persistent degenerative 
changes, and TKA was more difficult and poorer 
results due to the extra-articular deformity of the 
femur due to the previous osteotomy. Although 
the success rates of surgery reported by authors 
are all different, most of the authors emphasized 
that the selection of a patient group suitable for 
the indication is important for the success of sur-
gery in common [28, 125, 131]. The alignment of 
the lower limbs after surgery is also an important 
factor influencing the patient’s surgical outcome. 
According to Edgerton et  al. [129], symptoms 
improved in 60% of patients when the valgus 
knee was not corrected after surgery, while in 
77% of patients in the neutral or varus corrected 
group, symptoms improved.

12.7  Double Level Osteotomy 
(DLO)

In most cases of severe varus deformity of the 
knee, varus deformities of the proximal tibia and 
distal femur are present at the same time, rather 
than a varus deformity of the proximal tibia alone 
[133]. If the varus deformity accompanied by 
deformation in both the femur and tibia is cor-
rected with only HTO, an excessive oblique joint 
line in the proximal tibia occurs. This increases 
the shear force exerted on the articular cartilage, 
and can cause subluxation of the distal femur and 
overloading of the joint capsule during weight- 
bearing [134, 135]. In addition, new deformities 
occur after HTO, which may make it difficult to 

convert to TKA [136–138]. And it is known that 
the distal femur varus deformity contributes to 
the recurrence of varus deformity after HTO 
[139]. The double osteotomy that can be consid-
ered in this case is to perform both HTO and 
DFO, which was first proposed by Benjamin 
et al. [140] DLO can simultaneously correct the 
varus deformity of the proximal tibia and distal 
femur to restore normal knee joint alignment and 
orientation as well as correcting the mechanical 
axis of the lower limb [135].

12.7.1  Indication

Surgery is performed in patients with severe 
varus malalignment with arthritis of the medial 
knee joint. When it is planned to perform medial 
open wedge HTO alone, DLO should be consid-
ered if MPTA >94° after surgery, or if mLDFA 
>90° and MPTA <87° in preoperative deformity 
analysis. If the MPTA is greater than 94° after the 
medial open wedge HTO, this means that exces-
sive joint obliquity is made. Also, preoperative 
mLDFA >90° and MPTA <87° indicate that both 
the distal femur and the proximal tibia have varus 
deformities [141].

12.7.2  Preoperative Planning

A weight-bearing orthoscanogram is required for 
preoperative correction planning. Considering 
the deformation of the femur and tibia, it is 
decided whether the osteotomy is to be performed 
in an open type or a closed type in the femur and 
tibia respectively [141]. For deformity analysis 
using both lower leg scanogram, alignment 
assessing parameters such as joint angle of femur 
and tibia, joint line convergence angle, are evalu-
ated, and the normal range of each parameter 
must be known. Miculicz lines are used to simu-
late load distribution in the knee. The knee joint 
line orientation, as well as the Miculicz line, must 
be considered when planning the osteotomy 
level. The weight-bearing orthoscanogram is 
printed in actual size, and the part to be osteot-
omy is cut and rotated so that the deformation of 
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the femur and tibia is corrected and the lower 
limb alignment is restored, so that the degree of 
correction can be determined. Recently, digital 
radiography can be used to easily use digital 
planning using computer software. Although 
DLO’s correction goal has not been established, 
considering that DLO is a surgery to restore nor-
mal knee joint alignment and orientation, authors 
aim for slightly valgus alignment (valgus 0.5–1 
or 0–2) rather than overcorrection [133, 135].

12.7.3  Results

Babis et al. [142] applied the CORA concept and 
reported good results by performing double oste-
otomy in which both tibia and femur were oste-
otomized in complex deformity patients. Babis 
et al. [142] performed 29 DLO in 24 patients and 
reported that the cumulative survival rate was 
95% in the mean follow-up period of 100 months, 
when severe pain complained after DLO or when 
the transition to TKA was defined as failure. 
Saragaglia et al. [141] also reported good results 
after performing double-level osteotomy in 
patients with osteoarthritis with severe varus. 
Nakayama et al. [135] studied 20 patients with a 
minimum follow-up period of 1 year after DLO 
and Schroter et al. [133] had an average follow-
 up period of 18 months after DLO in 24 patients, 
reported good clinical results avoiding excessive 
oblique joint line and restoring normal joint 
alignment and orientation.

12.8  Conclusion

Recent studies have shown similar results in 
open and closed wedge HTOs when skillfully 
performed with modern fixation techniques and 
appropriate angle corrections. The key to suc-
cessful knee function after the osteotomy is to 
select the osteotomy site, location, and size 
well, and to provide proper alignment by pre-
venting joint line obliquity or the creation of 
new deformities. There is still no consensus on 
the optimum angle of correction, but alignment 
must be tailored to the individual and the spe-

cific disease process. Therefore, for an unstable 
knee, a neutral alignment may be more appro-
priate than overcorrection. Osteotomy is ideally 
performed as a measure to prevent the progres-
sion of deformity and pathology in young active 
individuals in the early stages of OA, but it pro-
vides good results even when OA is somewhat 
advanced. Therefore, this allows TKA to be 
avoided at a young age, and TKA can be post-
poned until old age.
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Unicompartmental Knee 
Arthroplasty

SeungJoon Rhee

Abstract

Surgical treatment options for the unicompart-
mental femorotibial joint arthritis include car-
tilage transplantation, osteochondral auto- or 
allograft, high tibial osteotomy (HTO), and 
knee arthroplasty. Unicompartmental knee 
arthroplasty (UKA) selectively replaces one 
of the three compartments of the knee joint. 
The advantages of UKA are as follows: (1) 
Less skin incision and less bone resection 
than the total knee arthroplasty (TKA) can 
preserve more host tissue and more function, 
(2) Less hemorrhage can lower the transfu-
sion requirement, (3) Excellent clinical results 
with better range of motion and earlier post-
operative recovery than TKA can be expected, 
(4) Conversion to the TKA after failed UKA 
is easier than conversion to the TKA from 
the failed HTO or revision TKA after failed 
TKA.  Disadvantages include narrow indi-
cation and difficult surgical technique with 
variable results depending on the implant 
design and operator’s experience. Reports 
of the higher early failure rate over the TKA 
are another concern. The incidence of medial 
UKA comprises over 90% of the entire UKA, 
and lateral UKA comprises the rest 10%. 

Thus, in this chapter, the indications and con-
traindications, implant designs, surgical tech-
niques, and clinical results with complications 
of the unicompartmental arthroplasty will 
be discussed in detail. The lateral UKA and 
patellofemoral arthroplasty will be described 
briefly after the medial UKA.

Keywords
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13.1  Medial Unicompartmental 
Knee Arthroplasty

Unicompartmental knee arthroplasty (UKA) 
was first performed as a form of hemiarthro-
plasty to substitute tibial plateau in the 1950s by 
McKeever and MacIntosh [1]. In the early 1970s, 
fixed- bearing UKA became available in the mar-
ket following the development of the femoral 
component and cement fixation technique by 
Marmor [2]. Mobile bearing UKA implant, the 
Oxford knee which adapted mobile congruous 
design polyethylene mimicking normal meniscal 
shape to reduce wear and loosening was devel-
oped by Goodfellow and O’Connor in 1978 [3]. 
In the early era of the UKA, high failure rate was 
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reported in relation to the implant designs, lack of 
surgical instruments, and errors in patient selec-
tion. Recently, however, strict surgical indica-
tion and continuing improvement in the implants 
and instruments have led to improved results. 
Especially, the minimally invasive surgical tech-
nique, which was introduced by Repicci in the 
late 1990s, has aroused unprecedented interests 
about UKA with expectations of better surgical 
results, and connected to the increasing usage 
[4]. The ratio of UKA to total knee arthroplasty 
(TKA) is showing an annual global increase 
of 8.1% in the USA (2005), 9.7% in Australia 
(2007), 7.0% in Sweden (2007) in 2000s despite 
lower than 5% in Korea [5, 6]. Most recent sur-
vey reported continuing increase in the incidence 
of UKA in the USA, Finland, New Zealand, and 
Norway, including Korea whereas the surgery is 
decreasing in Australia and Canada [7].

13.1.1  Indications 
and Contraindications

13.1.1.1  Indications
Degenerative arthritis restricted to one compart-
ment of the knee joint is the main indicative 
disease of the UKA, and additional indications 
include posttraumatic arthritis, osteochondritis 
dissecans, and idiopathic osteonecrosis limited in 
epiphyseal to subchondral depth [8].

Conventional indication of UKA has been 
known as a relatively inactive patient whose age 
is over 60  years old and weighs under 180  lb. 
with over 90° knee range of motion and under 5° 
flexion contracture, under 15° angular deformity, 
and non-inflammatory arthritis [9]. However, 
many researchers owing to the development of 
surgical technique and instruments are extend-
ing the indication. Surgical indications of UKA 
has been considerably expanded to include the 
patients regardless of their age or activity or body 
weight though the difference in the permissible 
degree of varus deformity and flexion contracture 
between the fixed (15°) and mobile (10°) bearing 
implant [10, 11]. Recently, there are two major 
indications according to two age groups. One 
is a primary operation in the relatively younger 

and slim patients who are anticipating more than 
one arthroplasty in their life time, and the other 
is a time-saving, low-morbidity salvage surgery 
for the elderly whose survival is expected to be 
less than 10 years. Laskin et al. reported that 15% 
of the knees treated with TKA could have been 
treated using UKA [12]. Spontaneous osteone-
crosis of knee (SPONK) lesion located shallower 
than the subchondral bone in the magnetic reso-
nance imaging can be considered a good indica-
tion. Minimum requirement for knee range of 
motion is 90° and mechanical axis derangement 
should not exceed 5° varus or 10° valgus in the 
standing full length radiography. Femorotibial 
subluxation of more than 3  mm or impinge-
ment between the intercondylar notch and tib-
ial eminence, which is called “kissing lesion,” 
is not considered feasible for the UKA despite 
some good results from the experienced opera-
tors. Indication according to the patellar lesion is 
debatable, but in general, exposure of the patel-
lar subchondral bone contraindicates the medial 
or lateral UKA whereas the lesion equivalent to 
chondromalacia is permissible for the operation.

13.1.1.2  Contraindications
Diagnosis of inflammatory arthritis including 
rheumatoid arthritis, progressed other compart-
ment disease, ligamentous instability including 
the cruciate or collateral ligament injury, exces-
sive angular deformity or severe flexion con-
tracture, and less than 90° knee range of motion 
are contraindications of UKA [10, 11]. Dennis 
emphasized the importance of anterior cruci-
ate ligament (ACL) in the UKA in their study, 
which reported accelerated wear in the anterior 
part of the implant caused by eccentric weight 
loading under attenuated and eventually mal-
functioning ACL [13]. In the mechanical stand-
point, Argenson concluded that ACL should be 
intact to maintain the normal function of the 
knee joint based on their videofluoroscopic find-
ings which showed femoral roll back reaching 
−0.8 mm in the medial UKA and −2.5 mm in the 
lateral UKA [14]. Goodfellow reported ten times 
higher failure rate of the UKA in the insufficient 
or injured ACL [15]. Accordingly, instability in 
the anteroposterior or varus-valgus stress radiog-
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raphy contraindicates the UKA. Progressive dis-
ease characteristics of rheumatoid arthritis that 
manifest probable slackening of the ligamentous 
structures make the surgeons regard the disease 
and other compartment osteoarthritis as relative 
contraindications of UKA (Fig. 13.1).

13.1.1.3  Indications of UKA Versus 
High Tibial Osteotomy

Although high tibial osteotomy (HTO) has been 
preferred for the young and active osteoarthritic 
patients owing to the joint preserving character-
istics of the surgery, there are also complications 
including the superficial wound infection, delayed 
union or nonunion, breakage of the fixative, and 
iatrogenic fractures after HTO. Moreover, rapid 
deterioration of the mid- to long-term survival 
after the fifth postoperative year and difficulty 
in the revision surgery after failed HTO raised 
recent tendency to perform UKA as an alter-
native surgical treatment for relatively young 
patients [16–20]. UKA has been performed in 
relatively thin and inactive patients between 60 
and 80  years old conventionally. Higher early 
success rate and lower complication rate were 
reported regarding UKA. Despite the indications 

of the UKA and HTO are quite overlapping, it is 
a reasonable recommendation to perform UKA 
in patients with severe osteoarthritis of grade 3 
or 4, and to perform HTO in patients with joint 
instability including ACL rupture or obvious tibia 
vara.

13.1.1.4  Indications of UKA Versus 
TKA

The top most advantage of the UKA over the 
TKA is the preservation of intact tissue. Normal 
knee joint kinematics and proprioception can be 
preserved by sparing the intact compartments 
and resecting less bone from the affected com-
partment while preserving ligament structures. 
Additionally, shorter operative time and lower 
morbidity contribute to the reduced hospital stay. 
McAuley et al. [21] mentioned that UKA is eas-
ier than TKA in the setting of revision surgery. 
On the other hand, demand for the surgical tech-
nique is higher with UKA than TKA owing to 
the narrower acceptable range of implant align-
ment which could be causing other compartment 
disease if malaligned. Patient age is an important 
factor in the selection of the appropriate surgi-
cal option [9]. It is reasonable that considering 

Fig. 13.1 Indication algorithm for unicompartmental knee arthroplasty
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UKA in a young patient under 60  years old in 
whom more than one revision is expected in the 
life time, because the revision of UKA is rela-
tively easier that the revision of TKA.  In addi-
tion, in an elderly patient over 75  years old 
whose perioperative risk expected to be higher, 
UKA can be considered as a low-morbidity 
alternative for TKA. If the age of a patient falls 
within 60–75 years old and no more than single 
surgery is expected throughout one’s life, TKA 
can be considered primarily depending on the 
better long-term survival. However, majority of 
researches report similar clinical results between 
the two surgical treatments. Nonetheless, it is a 
general opinion that UKA is functionally supe-
rior to TKA while TKA is prevailing in terms 
of implant survival. Newman [22] reported that 
UKA showed better functional results over TKA 
for at least 5 years after surgery.

13.1.2  Types of Implants

Implants for UKA can be roughly categorized 
into the mobile bearing type and the fixed- bearing 
type; mobile bearing type implant is further cat-
egorized as meniscal-bearing type and tracked- 
bearing type. The former permits unconstrained 
movement of the mobile polyethylene insert 
between the femoral and tibial metal component, 
and the latter permits anteroposterior movement 
of the mobile polyethylene insert. Fixed-bearing 
implant is further categorized into all-poly type 
with pure polyethylene tibial component and 
metal-backed type with metal tibial component 
and polyethylene insert [23–25].

Similar to TKA, it has been known that 
increasing conformity lead to more loosening 
and decreasing conformity lead to more wear 
in UKA.  The flat-on-flat conformation of the 
femoral and tibial component will decrease the 
stress but cause edge-contact, whereas the round-
on- round conformation raise concerns regarding 
the loosening owing to the restriction of motion. 
Higher wear rate was reported with the increased 
stress in the implants with round femoral compo-
nent on the flat tibial component, which caused 
attenuation of the ACL and subsequent promo-

tion of wear. Especially, the femoral poste-
rior condyle and polyethylene insert have been 
transformed into relatively large posterior con-
dylar radius and quite conforming insert shape 
to overcome the increased wear rate in small 
radius posterior condyle and flat polyethylene 
insert. Width of the femoral component has been 
widened to cover the resected femoral condylar 
surface without subsidence that occurred in the 
earlier designs with narrow femoral component 
width. Mobile bearing was developed to decrease 
the wear rate of the polyethylene in the conform-
ing design. The advantages of mobile polyethyl-
ene bearing include decreased insert wear rate 
and decreased implant loosening related failure 
owing to the reduced contact stress per dimension 
by increased contact surface in the conforming 
design. Less bone resection required as a resur-
facing concept is another advantage of mobile 
bearing design. However, demanding surgical 
technique and bearing dislocation are considered 
as disadvantages [25]. Fixed-bearing design, on 
the other hand, has been known to be vulnerable 
to insert wear and loosening of the tibial compo-
nent until the era of the all-poly tibial component. 
With metal-backed tibial component with modu-
larity, regularity of load bearing, easier cement-
ing and easier polyethylene exchangeability 
are regarded as advantages of the fixed-bearing 
design [23] (Fig. 13.2).

13.1.2.1  Femoral Component
Femoral component design is differed by the 
width, condylar curvature, and the method to 
reinforce the implant fixation. Fixation devices 
including fins or pods or lugs increase fixa-
tion strength. Two lugs or metal bar or cruci-
form recess were devised to prevent rotation 
(Fig. 13.3).

13.1.2.2  Tibial Component
All-polyethylene tibial component was developed 
in the early era, and metal-backed tibial com-
ponent and polyethylene insert were developed 
followingly. Metal-backed tibial baseplate has 
advantages in even load bearing and exchange-
ability of worn polyethylene insert while it has 
disadvantage such as use of thinner polyethylene 
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insert. Despite the debates regarding pros and 
cons about the polyethylene insert, the thinnest 
part of the polyethylene should exceed 6 mm to 
minimize the wear rate. It is reported that thinner 

than 6  mm polyethylene is susceptible to wear 
and other compartment arthritis which is caused 
by the inflammation around the wear particle. 
Recent design transformation into the surface 
replacement implant and minimal bone resection 
is facing the problem of metal-backed polyethyl-
ene owing to the inevitably reduced polyethylene 
thickness (Fig. 13.4).

13.1.3  Surgical Principles 
and Techniques

While in the past, conventional approach of open 
knee arthrotomy was used to perform UKA, mini-
mally invasive surgical technique is a dominant 
technique recently. The advantages of minimally 
invasive surgery include less discomfort, low 
morbidity, less pain, earlier recovery of range of 
motion and function with shorter hospitalization. 
On the other hand, risk of malalignment due to the 

a b c

d e

Fig. 13.2 Various unicompartmental knee arthroplasty 
implants. (a) Marmor (b) George sledge (c) Oxford (d) 
Repicci II (Biomet, Warsaw, Indiana, USA) Reproduced 

with permission. (e) Miller-Galante (Zimmer, Warsaw, 
Indiana, USA) Reproduced with permission

Fig. 13.3 Design elements to reinforce the femoral com-
ponent fixation
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restricted visual field is regarded as disadvantage 
[26]. Numerous recent researches are reporting 
satisfactory implant alignment and clinical results 
in precisely performed minimally invasive UKAs.

The most important technical factors for the 
successful UKA are axial alignment, ligament 
balance, and fixation of the implant. Femorotibial 
alignment in the UKA is defined by the level of 
contact point between medial femoral condyle 
and tibial component. The alignment is known to 
be influenced by the design of implant, resection 
level of the proximal tibia, stability of ligament, 
degree of preoperative deformity, thickness of 
the polyethylene insert, and the operator’s surgi-
cal technique. Therefore, all the efforts should be 
tried to achieve planned postoperative femoro-
tibial alignment as possible by preparing proper 
implant to the patient condition and meticulous 
preoperative planning with intraoperative verifi-
cation. Ligament balancing in the UKA is mainly 
achieved by changing the size and location of the 
implant, and excision of osteophyte. The primary 
objective in the ligament balancing is recover-
ing normal soft tissue tension through the inser-
tion of the size-matched implant without overly 
releasing the medial soft tissue sleeve. As for 
implant position, alignment in the coronal, sagit-
tal, and axial plane with mediolateral position on 
the femoral condyles should be monitored for the 
femoral component. For the tibial component, 
mediolateral position on the tibial plateau, pos-
terior tibial slope, and rotation in the axial plane 
should be monitored.

13.1.3.1  Approach
Minimally invasive surgery is recommendable 
while conventional approach for TKA is still in 
use. Repicci et al. insisted minimally invasive sur-
gery to improve earlier recovery and functional 
rehabilitation by minimizing skin incision and 
soft tissue dissection. Frequent erroneous varus 
implantation in the early days has been improved 
with the help of improved surgical instruments, 
accumulated experiences, and computer assisted 
surgery.

For the medial UKA, about 7–8  cm longi-
tudinal skin incision is performed from patel-
lar superior pole proximally to the level of tibial 
tuberosity or 2  cm below the joint line distally, 
about 1 cm medially apart from the patellar ten-
don. Arthrotomy can be performed along the line 
of skin incision (Fig.  13.5). Lateral incision can 
be performed for the lateral UKA, alternatively 
midline skin incision can be performed consider-
ing the future TKA. During the arthrotomy along 
the skin incision line, care should be taken not to 
injure the ACL, medial collateral ligament, and 
anterior horn of the lateral meniscus. The conven-
tional method everts the patella, but in the minimal 
invasive approach, the patella must be retracted 
medially or laterally and the quadriceps tendon 
should be preserved. Conversion to TKA should 
be considered if cruciate ligament deficiency or 
mediolateral instability or severe arthritis in the 
other compartment or patellofemoral compart-
ment is observed during performing UKA. Degree 
of arthritic lesion in the other compartment should 

a b c

Fig. 13.4 Various types of tibial components. (a) Fixed-bearing all-polyethylene tibial component. (b) Fixed-bearing 
modular metal-backed tibial component. (c) Mobile-meniscal bearing tibial component
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not exceed grade II for the femorotibial joint and 
grade IV for the patellofemoral joint.

13.1.3.2  Soft Tissue Preparation
Remove medial meniscus and remove osteophyte 
in the intercondylar notch and periphery of the 
tibia and femur. Removal of the medial tibial pla-
teau edge osteophyte allows passive correction of 
varus deformity in the medial UKA (Fig. 13.6). 

Medial collateral ligament should be minimally 
released until the retractor can be inserted. TKA 
should be indicated in cases which require fur-
ther relaxation of the medial collateral ligament. 
Overly releasing the medial collateral ligament 
can cause joint instability that promotes arthritis 
in the contralateral joint.

13.1.3.3  Bone Resection
There are two ways of bone resection. In femur- 
first technique, intramedullary cutting guide is 
utilized. Whereas in tibia-first technique, extra-
medullary cutting guide is utilized because the 
femoral resection is subject to the tibial resec-
tion level. Conservative bone resection should 
be performed to avoid overcorrection. Align the 
lower extremity in accordance with the mechani-
cal alignment in extension and in a perpendicu-
lar angle between the femur and tibia in flexion. 
Some researchers reported that slight under- 
correction was advantageous in unloading the 
lateral compartment which subjected to overload 
in 4–7 degree anatomical femorotibial alignment.

In the femur-first technique, reaming for the 
intramedullary guide begins right in front of the 
posterior cruciate ligament insertion in the fem-

Fig. 13.5 Minimally invasive surgery (MIS) approach in 
unicompartmental arthroplasty (Courtesy of MH, Song)

a b
Fig. 13.6 Influence of 
medial osteophyte to the 
ligament and medial 
sleeve of the joint 
capsule. (a) Medial 
osteophyte is tenting the 
medial collateral 
ligament. (b) Relaxation 
of the medial collateral 
ligament after the 
excision of the 
osteophyte
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oral intercondylar notch. In 90° flexion of the 
knee, distal femoral cutting guide is assembled to 
the intramedullary guide and the cutting guide is 
fixed on the femur to parallel with tibial joint sur-
face and to perpendiculate with tibial mechani-
cal axis. Considering the preoperative planning, 
bone resection can be increased in millimeters 
until 6 mm, and additional 2 mm resection is per-
mitted when the valgus angle exceeds 6 degree. 
This step enables expanding the extension gap 
and reducing valgus deformity without additional 
bone resection in the tibial side.

Posterior femoral condylar resection should 
be sufficient to ensure an affordable posterior 
compartment. Anteroposterior dimension of the 
distal femur after the bone cutting is an indicator 
for deciding the size of femoral component. It is 
recommended to select a femoral component size 
that spares peripheral margin of at least 1  mm 
thickness in the distal femoral condylar resec-
tion surface, preferably larger size in in-between 
sized bone. Accordingly, it is safer to attempt cut-
ting with larger size resection guide ahead when 
the size is questionable. Inclination of the distal 
femoral resection should follow the natural pos-
terior tibial slope. Size of the femoral component 
should be large enough to cover the anterior part 
of the resected bone surface to prevent impinge-
ment between the femoral articular cartilage and 
tibial component. Simultaneously, care should 
be taken to make a smooth transition from the 
anterior edge of the femoral component to the 
articular surface to allow an uninterrupted patel-
lar tracking. Trial of the knee extension to verify 
the contact point between the femur and tibia or 
the “tide mark” which is formed by the border 
between subchondral bone and articular carti-
lage can be referenced intraoperatively to ensure 
the appropriate size of the femoral component 
(Fig.  13.7). In lateral unicompartmental arthro-
plasty, on the contrary, downsizing the femoral 
component is recommended to avoid the prob-
lems related to the patellofemoral joint.

In this stage, bone resection should be suffi-
cient and well-positioned to prevent overhanging 
the femoral component which could interrupt 
patellar tracking. Resection of the chamfer and 
posterior condyle can be performed after the siz-

ing while the chamfer resection can also be per-
formed after the proximal tibial resection and 
soft tissue balancing. Femoral component should 
be located in the middle of condylar mediolat-
eral dimension in the coronal plane and in the 
mid- point on the tibial anteroposterior dimen-
sion in extension in the sagittal plane. Errors 
in the  positioning can cause impingement to 
the tibial spine or edge loading on the polyeth-
ylene. Marking the center of the femoral trial 
while gradually extending the knee from 90° to 
60°, 30°, 0° helps to determine the best location 
of the femoral component. Rotational align-
ment is closely related to insert wear especially 
in UKA. Slight external rotation of the femoral 
component not exceeding 5° is recommended. 
Lug hole is drilled when the rotational alignment 
is determined. Some operators prefer multiple 
microdrilling to enhance the fixation on the scle-
rotic bone.

Next, extramedullary guide is set for the tibial 
resection. Similar to TKA, the guide is located 
just medial to the tibial tuberosity proximally and 
on the center of the tibiotalar joint distally. Over- 
resection of the tibia should be avoided since the 
over-resection not only causes joint subluxation 
but also produces tibial plateau fracture. 2–3° 
under-correction which draw the mechanical axis 
into the point between medial tibial spine and 
middle of the tibial component is recommended 

Fig. 13.7 Tide mark
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despite the resection level differs among operators 
(Fig. 13.8). Remnant varus deformity exceeding 
5° is related to a higher risk of rotational defor-
mity and wear in the operated compartment. 3–5° 
posterior tibial slope is desirable even if 0–10° 
slope is permissible according to preoperative 
measurement. Depth of resection reaches the 
deepest level of subchondral bone in the most 
medial part and reaches 8–10 mm from the joint 
surface in the most lateral part. Vertical resection 
should be performed as close to the medial spine 
as possible while avoiding ACL injury.

The size of the tibial component can be selected 
independently from the femoral component, and 
selecting a larger size is recommended until the 
component does not make medial and posterior 
overhanging. Coronal alignment of the tibial 
component is verified in all-trial state as the tibial 
component to parallel the femoral component. 
Patellar should be reduced in position while the 
test is performed to avoid an inadvertent external 
rotation of the tibia. Pennington et al. [27] sug-
gested that tibial component should be fixed in 
10–15° internal rotation considering the screw-

home movement in the lateral UKA. Malrotation 
possibly lead to quadriceps active tibial external 
rotation or tibial subluxation. In the mobile bear-
ing design, an additional procedure to balance the 
flexion and extension gap is required. Procedures 
for implant fixation follow the determination of 
the rotational alignment.

In UKA, femorotibial alignment and knee 
range of motion should be examined in all-trial 
state to take into account polyethylene insert 
thickness, which is very crucial. Tibial compo-
nent thickness including the insert thickness 
should reach the level of native tibial plateau. 
Ligament balance is examined by valgus stress 
test in full extension, 45° flexion, and 90° flex-
ion, as the medial compartment feels not too tight 
and not too loose to exceed 2  mm distraction. 
Overly tight gap tends to subluxate tibia later-
ally and possibly promotes wear of the implant. 
Additional tibial resection should be considered 
if the knee tolerates less than 120° flexion. Any 
sign of ligament laxity or valgus/varus deformity 
dictates additional calibration in the tibial com-
ponent thickness or tibial bone resection.

Fig. 13.8 Ideal position 
of the mechanical axis 
passage
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In the tibia-first resection technique, proximal 
tibia is resected initially using the extramedullary 
cutting guide, then the femur is resected con-
sidering extension gap which is measured using 
spacer block. In this technique, femoral resection 
level is about 2 mm shallower than the femur-first 
technique, and the joint can feel tight in flexion. 
Fitz et al. [28] recommended additional resection 
of the posterior femoral condyle than additional 
tibial resection in such situations.

Surgical Techniques in Mobile Bearing 
Design
Oxford Partial Knee Microplasty (Zimmer- 
Biomet, Warsaw, IN, USA), a mobile bearing uni-
compartmental knee design, microplasty begins 
with short oblique to longitudinal incision on the 
knee joint capsule running distally from 1  cm 
medial to the patellar superior pole. Following 
the arthrotomy, operator examines the status of 
intraarticular structures including the degree of 
articular cartilage injury, cruciate ligaments, and 
meniscus without dislocating the patella. Spoon 
instrument of an appropriate size is selected and 
used to measure the femoral  component size and 
gap. Medial proximal tibia is resected after the 
selected spoon is connected to the tibial cutting 
guide using G-clamp. Then a femoral intramed-
ullary cutting guide is inserted, and femoral peg 

hole is drilled following the linking between 
the intramedullary cutting guide and femoral 
drill guide. Resect femoral posterior condyle 
using posterior condylar cutting guide, and mea-
sure the flexion and extension gap using gauge. 
Approximate the flexion and extension gap by 
milling distal part of the femoral condyle as the 
difference between the two gaps. Verify stability, 
alignment, and insert thickness with trial inserts. 
After the tibial and femoral components are fixed 
on the bone using bone cement, mobile bearing is 
inserted, and smooth gliding in flexion and exten-
sion of the knee is confirmed before the closure 
of the operative field (Fig. 13.9).

Surgical Techniques in Fixed-Bearing 
Design
Minimally invasive approach is used for the 
fixed-bearing Zimmer Unicompartmental High 
Flex Knee System ((ZUK), Zimmer-Biomet, 
Warsaw, IN, USA). Skin incision is performed 
from the proximal and medial to the patella to 
1 cm distal to the joint line, and joint capsule is 
incised along the line of skin incision. Medial tib-
ial plateau resection using extramedullary cutting 
guide is first performed, and distal femoral resec-
tion is performed considering the gap formed by 
the medial tibial plateau resection. Flexion and 
extension gap is measured using a spacer block. 

a b c d e
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Fig. 13.9 Surgical technique of mobile bearing unicompartmental arthroplasty (Courtesy of KM, Jang)
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Femoral posterior condyle and chamfer are 
resected using femoral size/finishing guide after 
ligament balancing. Confirm the gliding between 
the components and ligament balance using trial 
insert, then the components are fixed using bone 
cement, and polyethylene insert is inserted using 
an instrument. Capsular suture and skin suture 
are performed in knee joint flexion position 
(Fig. 13.10).

13.1.3.4  Fixation
Irrigate the joint space to remove hematoma 
and ground bone fragments then confirm the 
posterior condylar clearance. Pack dry gauze 
densely behind the posterior border of the proxi-
mal tibial cut surface and in front of the poste-
rior capsule, and expose the space clearly with 
retractors to prevent the cement from isolation in 

the posterior space. It is a general recommenda-
tion that cementing tibia and femur sequentially. 
Overflowed cement in the posterior space should 
be removed through pulling out the packed gauze 
because the space cannot be visualized directly 
after the cementing and implantation. Spread less 
cement in the posterior part of the tibial compo-
nent, and press posterior part ahead of the ante-
rior part, then keep knee in extension until the 
cement consolidate to minimize the cement over-
flow in the posterior space. Cement in the tibial 
spine area should also be removed meticulously. 
Polyethylene is inserted following the comple-
tion of the femoral component, and alignment, 
stability, range of motion are again examined. 
If everything is confirmed well, insert drain as 
necessary and close the joint capsule and skin 
(Fig. 13.11).

a b

c d e

Fig. 13.10 Surgical technique of fixed-bearing unicom-
partmental arthroplasty arthroplasty. (a) Application of 
extramedullary cutting guide. Tibial cutting guide is 
placed in right angle to the mechanical axis of tibia in 
frontal plane and parallel to the tibial articular surface in 
sagittal plane. (b) Application of distal femoral cutting 

guide as space block technique. (c) Axial view of distal 
femoral cutting surface. Alignment of distal femoral cut-
ting surface depends on the proximal tibial cutting sur-
face. Axial (d) and lateral (e) view after application of 
femoral size/finishing guide
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13.1.4  Postoperative Evaluation 
and Rehabilitation

Implant position is monitored using plain radi-
ography. Mediolateral position, posterior tibial 
slope, axial rotation need to be assessed regarding 
the tibial component. The femoral component is 
also assessed for mediolateral position, coronal 
and sagittal plane alignment, and rotational align-
ment. As the position of tibial component center 
influences the position of other components, the 
tibial tray margin should coincide with postero-
medial cortex of the proximal tibia. Tibial implant 
position in the coronal plane should be placed 
perpendicular to the mechanical axis of the tibia 
because more than 3–5° deviation to the mechani-
cal axis produces poor outcomes. It is known that 
posterior slope of the tibial component is closely 
related to implant survival in the UKA so that the 
posterior slope should be less than 5–7° while 
restoring patients’ native posterior tibial slope. 
On the other hand, axial rotation of the tibial 
component is known to be related to both patient 
satisfaction and implant survival. Grossly in 
extension, femoral component tends to look inter-
nally rotated relative to the tibial component about 

15°. Center of the femoral component should 
coincide with the center of the tibial component, 
and coincide with the center of femoral condyle 
if the implantation was accurate. Coronal plane 
inclination of the femoral component should be 
perpendicular to the femoral mechanical axis, and 
sagittal position should align with the longitudi-
nal axis of the femur.

Postoperative Care Postoperative recovery 
pace from UKA is nearly the same or slightly 
faster than TKA. Continuous passive motion can 
be initiated from the recovery room or 2–3 days 
after drain removal. Continuous passive motion 
begins from 30–40° with 10–20° increment daily 
until it reaches and maintains 90° flexion. Early 
active range of motion is also encouraged to 
achieve more than 90° flexion in one week. 
Practice of ambulation starts from the third post-
operative day, and independent full weight bear-
ing ambulation becomes possible at the second 
postoperative week with expectations of return-
ing to normal activities of daily living at the sixth 
postoperative week.

13.1.5  Clinical Results

13.1.5.1  Functional Results
Numerous researchers reported excellent results 
regarding the pain reduction, restoration of range 
of motion, angular deformity correction, and sub-
jective report outcomes after UKA. Since Kozinn 
and Scott reported excellent outcome could be 
expected in the strictly chosen patients who were 
older than 60  years old, most of the research-
ers agree to their opinion [10, 29, 30]. Recently, 
number of researchers is reporting good results 
which are comparable to TKA in younger 
patients despite there have been debates accord-
ing to the researchers and implant designs regard-
ing the results of UKA [6]. Fischer et  al. [31] 
reported significant increase in UCLA physical 
activity score and 93% return to sports activity 
and activities of daily living in 18 month follow 
up after UKA.

Fig. 13.11 Complete fixation of the implant
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13.1.5.2  Survival of Implant
In the early era of UKA, implant survival was 
unsatisfactory owing to the implant design, 
lack of surgical instrument, and errors in 
patient selection as Laskin et al. [12] reported 
65% satisfaction rate in the 1970s and Insall 
et al. [32] reported 42% poor results. However, 
afterwards, reports of good results followed 
with careful patients section and develop-
ing surgical instruments and implant designs. 
Murray et  al. [15] and Berger et  al. [33] 
reported 98% 10-year survival rate in 1998, 
regarding Oxford mobile bearing design and 
Miller-Galante fixed bearing, respectively. 
Marmor et  al. [2] reported 70% satisfaction 
rate and Scott et al. [23] reported 85% implant 
survival rate. Egidy et al. [34] reported a case 
of 31-year survival after Marmor unicompart-
mental knee arthroplasty. Argenson et al. [35] 
reported 92% excellent outcome with 94% 
10-year survival rate.

Long-term survival rate of UKA is reported 
as 98% until 10  year, 93% until 15  year, 84% 
until 20 year, and 72% until 25 year recently [11, 
36–38]. However, still there has been reports of 
varying 10-year survival rate ranging from 84% 
to 100% depending on implant design and sur-
geon so that the survival rate of UKA is known to 
be inferior to TKA [16, 39].

13.1.6  Complications, Causes 
of Failure, and Treatment

Postoperative complications of UKA include 
dislocation of mobile bearing, aseptic loosen-
ing of the implant, wear of polyethylene insert, 
periprosthetic fracture, progression of other 
compartment disease, infection, impingement 
of implant to bone, residual cement debris in the 
joint, joint stiffness, recurrent hemarthrosis, and 
persisting knee joint pain [40]. Early complica-
tions include deep vein thrombosis and infec-
tion with 0.1–0.7% incidence which is slightly 
lower than TKA.  Intraoperative or postopera-
tive tibial condylar fractures were also reported. 
Aseptic loosening, polyethylene wear, other 
compartment disease are important late compli-
cations. Radiographic analysis by zonal assess-
ment is used for the diagnosis of loosening [41] 
(Fig.  13.12). Radiolucency exceeding 2  mm in 
each zone or cement breakage or gross subsid-
ence of implant is considered a significant find-
ing suspicious of implant loosening. As for the 
dislocation of mobile bearing, Gunther et al. [42, 
43] reported higher incidence of bearing dislo-
cation in lateral than medial unicompartmental 
arthroplasty presumably due to the overly relaxed 
lateral collateral ligament in flexed knee. They 
suggested lateral parapatellar approach, poplit-

a b
Fig. 13.12 Radio-
graphic zones in 
unicompartmental knee 
arthroplasty (a. 
Anteroposterior 
radiograph, b. lateral 
radiograph) 
(Mohammad KSSTA, 
2019)
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eus tendon release with clearance of redundant 
posterolateral soft tissue, and meticulous balanc-
ing of flexion/extension gap to prevent the bear-
ing dislocation in the lateral unicompartmental 
arthroplasty. Suboptimal pain relief can be caused 
by over-activity after the surgery, and pes anseri-
nus bursitis accounts for about 10% of persisting 
pain. Topical injection of hydrocortisone mixed 
with local anesthetic agent often helps improving 
symptoms in such cases.

Large numbers of complications occur in the 
first and second postoperative period of UKA, 
and early failures are closely related to surgi-
cal technique. Experiences regarding the patient 
selection and surgical techniques are required to 
prevent such complications [44].

Treatment for the complications can be divided 
into revision operation and operations other than 
revision [40, 45]. Operative options other than 
revision include open or arthroscopic debride-
ment, closed manipulation, ligament repair, open 
reduction, and internal fixation according to the 
complications. Revision surgery options include 
simple polyethylene insert exchange, revision to 
UKA, and conversion to TKA.

13.2  Lateral Unicompartmental 
Knee Arthroplasty

Lateral compartmental arthritis of knee is uncom-
mon than medial compartment arthritis and the 
treatment is yet challenging. Surgical treatment 
options for the lateral compartment arthritis 
include arthroscopic debridement, realignment 
osteotomy, lateral UKA, and TKA.  Among the 
options, lateral UKA has advantages in earlier 
postoperative recovery, restoring normal knee 
kinematics while maintaining normal knee joint 
anatomy, and feasible revision surgery [46]. 
Surgical technique of lateral UKA is known to be 
complicated owing to a few anatomical and func-
tional characteristics of the knee joint including 
unfamiliar surgical approach, relaxation of lat-
eral ligament structure in flexed knee, and larger 
posterior movement of lateral femoral condyle 
than medial femoral condyle during knee flexion 

[47]. In general, fixed-bearing design is preferred 
in lateral UKA depending on the clinical results 
reporting better survival in fixed bearing than 
mobile bearing which are at risk of early failure 
related to bearing dislocation, in considerations 
on biomechanical behaviors of lateral compart-
ment [48] (Fig. 13.13).

13.2.1  Indications 
and Contraindications

Indications of lateral UKA include osteoarthritis 
limited in the lateral compartment of the knee, 
osteonecrosis, and posttraumatic arthritis with 
intractable pain and severe loss of lateral joint 
space in radiography [48, 49]. Patient with intact 
ACL and less than 15° valgus deformity allow-
ing 100° range of motion without fixed flexion 
contracture is a favorable indication. Age, body 
mass index, and activity are reported as no lon-
ger important considerations though those fac-
tors were considered for indication in the past. 
Diagnosis of inflammatory arthritis, coexisting 
medial compartment arthritis, and symptomatic 
patellofemoral arthritis are contraindication of 
lateral UKA.  Insufficiencies in the cruciate or 
collateral ligaments, valgus deformity exceeding 
15°, range of motion less than 100°, or existence 

Fig. 13.13 Postoperative radiography of the lateral uni-
compartmental arthroplasty
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of fixed flexion contracture are also contrain-
dications. Specifically, lateral UKA should be 
avoided in a knee joint with fixed flexion contrac-
ture which necessitate soft tissue procedure, for 
the soft tissue release possibly cause femorotibial 
joint subluxation in coronal plane [49].

13.2.2  Clinical Results

Lateral UKA comprises 5–10% of UKA, so that 
reports regarding the clinical results are fairly 
insufficient than medial UKA [12, 46]. The report 
regarding lateral UKA in Korean population 
is much more rarer because the ratio of lateral 
compartment arthritis is much lower in Korean 
than Caucasian and lateral UKA is scarcely per-
formed accordingly [50]. Most of the researchers 
reported good functional results regardless of the 
implant design though the rarity of the cases [46, 
50–53].

Debates exist about the long-term survival 
of lateral UKA in relation to implant design. 
Regarding the mobile design, Gunther et al. [43] 
reported unsatisfactory results with 82% 5-year 
survival rate and 10% bearing dislocation rate in 
lateral UKA using Oxford phase 1 implant. Pandit 
et  al. [54] reported 98% 4-year survival rate in 
domed tibial articular surface design which was 
developed to reduce mobile bearing dislocation 
and wear, which was improved from 82% sur-
vival rate of Oxford phase 1, 2 implant. In 2013, 
Altuntas et  al. [53] reported 2 (3.1%) revision 
surgeries for each of instability and medial com-
partment pain in their minimum 2-year (mean 
38 month) followed 64 domed lateral UKA.

Relatively better survival rate over mobile 
bearing lateral UKA has been reported by various 
researchers regarding fixed-bearing lateral UKA 
since Scott et  al. [51] reported 83.3% postop-
erative 3.5-year survival rate in 1981. Argenson 
et  al. [46] reported 92% 10-year survival rate 
and 84% 16-year survival rate. Servien et al. [55] 
reported 98% 10-year survival rate, and Lustig 
et  al. [52] reported 94% 10-year survival rate 
and 91% 15-year survival rate in 2014 in all-poly 
fixed type lateral UKA.

13.2.3  Complications

Progression of arthritis to the other compartment, 
aseptic loosening of femoral or tibial component, 
implant breakage, periprosthetic fracture, val-
gus malalignment, dislocation or wear of poly-
ethylene insert, deep infection, persisting pain, 
and knee joint stiffness can be considered com-
plications of lateral UKA [48, 56]. Citak et  al. 
[56] reported progression of other compartment 
disease including medial compartment or patel-
lofemoral compartment (43%) and aseptic loos-
ening (18.8%) as major reasons of failure.

13.3  Patellofemoral Arthroplasty

Disease of patellofemoral joint is known to 
be caused by unusual load transmission to the 
patellofemoral joint, and malalignment, dyspla-
sia, instability, trauma, inflammatory arthritis, 
idiopathic osteoarthritis are known causes of 
patellofemoral arthritis [57]. Arthritis limited to 
patellofemoral joint can be initially treated with 
conservative treatment. In resistant cases, surgi-
cal treatments can be attempted. Realignment 
surgery can be considered in patellofemoral 
malalignment without severe arthritic change, 
in advanced patellofemoral arthritis, excision of 
the osteophyte, chondroplasty including drill-
ing and abrasion arthroplasty, tibial tubercle 
advancement to reduce patellofemoral pressure, 
and resection arthroplasty can be considered. 
However, most of surgical options are performed 
for temporary improvement with ambiguous 
effectiveness. Moreover, some surgical options 
have clear limitations such as non-regeneration 
of cartilage in chondroplasty or deprivation of 
muscle strength and nutrition to the trochlea in 
resection arthroplasty. Osteochondral graft or 
chondrocyte implantation only can be considered 
in focal chondral defects. Therefore, patellofem-
oral arthroplasty was introduced as a solution for 
end-stage patellofemoral arthritis. The concept 
of patellofemoral arthroplasty was developed 
owing to the unnecessary resection of intact 
femorotibial joint in patients with limited patel-
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lofemoral arthritis who were once reported to 
underwent TKA in 3–5% of morbid population. 
Patellofemoral arthroplasty has advantages of 
less bone resection, earlier postoperative recov-
ery and rehabilitation, biomechanical similarity 
to a normal knee joint owing to the preservation 
of femorotibial joint and cartilage as a salvage 
operation for patellofemoral arthritis which does 
not respond to conservative treatment [58].

13.3.1  Indications 
and Contraindications

Patellofemoral arthritis is indicated for osteo-
arthritis limited in patellofemoral compartment 
of knee joint, posttraumatic arthritis, advanced 
stage patellofemoral chondramalacia, and patel-
lofemoral dysplasia. Also, it can be indicated for 
intractable anterior knee pain or posterior patellar 
pain which is debilitating activities of daily life. 
Functional disabilities including difficulties in 
stair climbing, prolonged sitting, standing from 
sitting position, and squatting, and previous his-
tory of patellar dislocation, fracture, failed surgi-
cal treatment are also considered good indications. 
Prerequisites for patellofemoral arthroplasty 
include intact cruciate ligaments and collateral 
ligaments with intact menisci. Regarding the 
optimal age, debates exist while some research-
ers insist no limitation others insist that patel-
lofemoral arthroplasty should be performed in 
senile patients who are older than middle age. 
Lubinus et al. [59] and Arciero and Toomey [60] 
suggested patellofemoral arthroplasty is favor-
ably indicated for elderly over 60  years old, 
whereas Lonner [61] and Blazina et al. [62] sug-
gested patellofemoral arthroplasty for patients 
under 60  years old and TKA for older patients 
who are at higher risk of femorotibial arthritis 
progression. Contraindications of patellofemo-
ral arthroplasty include diagnosis of inflam-
matory arthritis, osteoarthritis exceeding slight 
degree, advanced chondromalacia, and severe 
chondrocalcinosis. Flexion contracture, limita-
tion of motion, malalignment or maltracking 
patella, Complex regional pain syndrome, infec-
tion, Q-angle exceeding 20°(female)/15°(male) 

are not indicated for patellofemoral arthroplasty. 
Laborer or athletes who are not willing to restrict 
their activity level are considered relative contra-
indications. Obese patient or patient with cruciate 
ligament insufficiency is at higher risk of failure 
even if one is not considered a contraindication of 
patellofemoral arthroplasty.

13.3.2  Designs

In the 1950s Mckeever developed implant for 
patellar replacement using Vitallium, however, 
as patellofemoral pain often arose from troch-
lear side, Bechtol, Aglietty, Lubinus, Richards 
et  al. have developed modern implants replac-
ing both patellar and trochlear side since the 
1970s. Early implant designs with anatomically 
shaped trochlea and patella are categorized as 
first-generation designs. Trochlear component of 
the first- generation design had blunt curvature in 
the sagittal plane with short anterior flange, and 
narrow trochlear groove in the axial plane. This 
design was eventually abandoned due to high 
failure rate because the short anterior flange with 
blunt curvature tends to lift the anterior flange 
off from the anterior femoral cortex, and resulted 
in snapping and catching during knee motion. 
Moreover, narrow trochlear groove in the axial 
plane allowed narrow range of normal patellar 
tracking so that the design was susceptible to the 
maltracking. Anatomically shaped patella also 
served for another reason of maltracking for the 
patellar component failed to match individual 
variations of patella shape, which was even more 
difficult in knees with degenerative changes.

Therefore, recent second-generation implant 
designs have lengthened anterior flange and 
right-angled curvature in trochlear component, 
and broadened less constrained trochlea groove 
allowed better patellar tracking while avoiding 
impingement of notch to the ACL or proximal 
tibia. Patellar component, which could not be 
applied universally to all the patients, was also 
innovated to dome shape or mobile shape on 
the basis of biomechanics. Patellar component 
instability was reduced with the design renova-
tion, and Lonner [63] reported 4% failure rate 
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in second- generation designs versus 17% failure 
rate in first-generation implant designs.

In other words, implants for patellofemoral 
arthroplasty can be categorized into resurfacing 
(inlay) type and anterior cut (onlay) type accord-
ing to the type of femoral trochlear component. 
Implant lays parallel with the slope of femoral 
trochlea in the femoral trochlear cartilage and 
condylar articular cartilage in resurfacing type 
implant. Lubinus, Blazina, Autocentric, and LCS 
are resurfacing type implants (Fig.  13.14). In 
anterior cut type implants, trochlear component is 
longer and broader than resurfacing implants and 
lays extending on the femur. Femoral bone resec-
tion is perpendicular to the anteroposterior axis of 

the femur, and implant seats in externally rotated 
position. Avon, Vanguard, Gender Solution are 
anterior cut type implants (Fig. 13.15).

In product-specific perspectives, Autocentric 
Patellofemoral Prosthesis (Medinov, Roanne, 
France), Lubinus (Link, Hamburg, Germany), 
Richards I (Smith&Nephew, Richards, Memphis 
TN) are categorized into first-generation designs 
which reported numerous complications related 
to their short anterior flange and narrow troch-
lear groove and blunt curvature. The products 
developed after them, including Richards II 
(Smith&Nephew, Richards, Memphis TN), Low 
Contact Stress Patellofemoral Joint (DePuy 
Orthopedics, Warsaw, IN), Natural—Knee II 

a b

c d

e

Fig. 13.14 Resurfacing type implants for patellofemoral arthroplasty (Inlay type implants): Richards III™ (a), 
Spherocentric™ (b), Autocentric™ (c), LCS™ (d), Lubinus™ (e). (Lustig OTSR, 2014)

a b

c

e

d

Fig. 13.15 Anterior cut type implants for patellofemoral arthroplasty (onlay type implants): Hermes™ (a), Vanguard™ 
(b), Journey Competitor™ (c), Gender™ (d), Avon™ (e). (Lustig OTSR, 2014)
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Patellofemoral Jolnt (Zimmer, Warsaw, IN), and 
Avon (Stryker/Howmedica, Mahwah, NJ) are 
regarded as second-generation designs. Implant 
material is cobalt chromium for the trochlear 
component, and polyethylene in the patellar com-
ponent [64].

13.3.3  Surgical Technique

Approach takes midline skin incision and para-
medical arthrotomy or subvastus approach simi-
lar to TKA. Incision can be shortened distally as 
to allow patella eversion to inspect intraarticu-
lar structures, however patella is not necessary 
for every cases. Care should be taken to avoid 
harming the meniscus during the arthrotomy. It 
is recommended to perform TKA if the intraar-
ticular findings are suggestive of inflammatory 
arthritis or chondrocalcinosis or advanced femo-
rotibial joint degeneration. In the procedure to 
remove osteophyte, notchplasty to remove the 
osteophytes and smoothing around the notch is 
important.

For trochlear bone resection, there are some 
common surgical techniques despite product- 
specific procedures exist. First, externally rotate 
trochlear component 3–6° referencing from 
transcondylar axis or Whiteside’s line or tran-
sepicondylar axis. Trochlear component can be 
located 11–12 mm laterally but should be in line 
with anatomical axis of the femur. Second, max-
imize trochlear coverage until it does not over-
hang. The edge of trochlear component should 
be located 3–5  mm proximal to femoral inter-
condylar notch to avoid the trochlear component 
overhanging the notch or trespassing the weight 
bearing surface and impinging to proximal tibia. 
Third, cling to the resurfacing concept and avoid 
excessive subchondral bone resection. Perform 
3–4  mm anterior femoral resection along the 
anterior cortical level, and flush trochlear com-
ponent to adjacent cartilage surface neither too 
proud nor too sunk.

Patellar replacement is identical to one in 
TKA.  It is recommended to adjust the patellar 
thickness nearly identical to preoperative native 
patellar thickness and to medialize the patellar 

component while beveling the uncovered region 
of the patella. Specifically, patella baja should be 
avoided.

After bone resection, patellar tilt, sublux-
ation, and catching should be examined dur-
ing the patellar tracking in trial insert insertion 
state. Realignment procedures, lateral reti-
nacular release, for instance, can be considered 
if needed. Generally speaking, contact of the 
patellar medial facet to the medial trochlea and 
medial femoral condyle through the entire range 
of motion using no thumb technique can be con-
sidered a good tracing. Fixation can be done with 
or without cement, but cemented fixation is desir-
able because loosening is frequent in cementless 
fixation. However, a few surgeons prefer cement-
less fixation for patellar component (Fig. 13.16).

Postoperative rehabilitation is a little faster 
or nearly similar to TKA. Immediate knee joint 
motion is allowed including CPM, and immedi-
ate tolerable weight bearing is also allowed.

Fig. 13.16 Postoperative radiography of the patellofem-
oral arthroplasty (Courtesy of MH, Song)
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13.3.4  Clinical Results

Isolated patellofemoral replacement raised inter-
ests following the reports of the first-generation 
implants’ (Lubinus, Autocentric, Richards I) 
clinical results since the late 1970s. However, 
high early failure rate was reported owing to the 
problems in implant design and surgical tech-
nique. Patellofemoral replacement using second- 
generation implants (Avon, LCS, Richards 11) 
reported good result with decreased failure 
rate related to the implant factor though num-
ber of the cases was insufficient. Most recently, 
good results are expected with third-generation 
implants (Vanguard, Journey, Sigma) which were 
introduced as a “Bridging surgery” to delay the 
TKA in middle age patients.

Extremely various results were reported 
regarding patellofemoral arthroplasty. Numerous 
researches reported better than good results in 
66–100% of cases in 3–17 year follow-up stud-
ies. Results of patellofemoral arthroplasty is 
closely related to implant design, patient factors, 
comorbidities, surgical technique, and fixation 
methods, of which implant design has the biggest 
impact. Australian National Joint Replacement 
Registry reported 5-year cumulative revision rate 
was 21.8% in inlay type implants and 9.9% in 
onlay type implants after patellofemoral arthro-
plasty [65]. Argenson et  al. [66] reported sat-
isfactory results in 84% of mid-term follow up 
and 58% 16-year survival rate. However, Tauro 
et al. [67] reported merely 45% success rate and 
65% 8-year survival rate using Lubinus implant, 
which made them abandon this operation.

13.3.5  Complications

Early complications of patellofemoral arthro-
plasty include maltracking, catching or snapping, 
instability, extension lag, motion limitation, per-
sisting pain or effusion, giving way, femorotib-
ial arthritis. Late complications include aseptic 
loosening of femoral or patellar component, pro-
gression of other compartment disease, implant 
breakage, patellar instability. Among them, fem-
orotibial arthritis is regarded as a major cause of 

onlay type implant failure, whereas instability is 
regarded as a major cause of inlay type implant 
failure. Patellar instability is known to be related 
to malpositioned implant and malaligned exten-
sor mechanism.

13.4  Summary

UKA is a very effective surgical treatment option 
for degenerative arthritis involving one compart-
ment of the knee joint. Despite the cases were 
decreased along the early era for the unsatisfactory 
results related to errors in patient selection, implant 
designs, lack of fine instruments, and demanding 
surgical technique, global number of UKA cases 
are increasing with excellent functional results and 
implant survival owing to the fine-tuned surgical 
indication, innovations in implant design, devel-
opment of surgical instruments and techniques. 
Thorough understanding of UKA with appropri-
ate patient selection, utilization of verified implant 
design, and precise surgical technique are require-
ments for a successful UKA.
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Abstract

Appropriate patient selection is necessary to 
achieve successful outcomes after total knee 
arthroplasty (TKAs). Indication for TKAs is 
an end-stage arthritis not responding to any 
other treatment. However, infected arthritis is 
absolute contraindication of TKA. In order to 
improve postoperative patient satisfaction and 
prevent complications, the patient’s physical 
and mental health status besides knee condition 
should be assessed preoperatively. Materials 
used for prosthesis should be biologically inert. 
The type of the prosthesis is divided into CR 
or PS type depending on PCL retention and 
fixed or mobile type depending on the method 
of PE insert fixation. There is no significant 
difference in clinical outcomes or long-term 
survival rates based on prosthesis types. The 
basic principle of performing TKA is to obtain 
proper soft tissue balancing and restoration 
of lower limb alignment. In a practical way, 
mechanical alignment is the most widely used 
for restoration of limb alignment. Proper soft 

tissue balancing is also an important factor in 
the successful outcome of TKA. Therefore, it 
is necessary to understand the anatomy and 
function of various soft tissues around the 
knee. In addition, soft tissue release must be 
carried out meticulously and gradually to avoid 
over-release. The most widely used method 
for prosthesis fixation is cemented fixation. 
Postoperative management is also important 
for patient satisfaction and clinical outcomes. 
Failure to control pain after surgery has a great 
effect on patient dissatisfaction and function 
loss. Every effort should be made for decreas-
ing the postoperative pain. Periprosthetic joint 
infection (PJI) is still the most common cause 
of failed TKAs. Prevention of PJI is impor-
tant, but once it occurs, accurate diagnosis 
and prompt treatment are needed. TKA is a 
successful surgical method for patients with 
knee OA. Successful outcomes require proper 
patient selection, preoperative planning, metic-
ulous surgical techniques, and postoperative 
planned management. Surgeons should do their 
best to give patients the best results.
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14.1  Patient Selection

In order to establish an appropriate surgical plan 
for the patient before surgery, it is necessary to 
know in detail not only the patient’s overall phys-
ical health but also the mental state, and based 
on this, preparations for postoperative treatment 
should be made. Since the patient’s pathologic 
condition may put the patient at risk during 
and after surgery, the risk of surgery due to the 
patient’s systemic condition should also be con-
sidered, along with benefits such as pain relief 
and function improvement. Although severe 
radiographic degenerative changes of knee joint 
provide important findings in the selection of 
indications for surgery, radiologic changes are 
not necessarily associated with clinical symptoms 
and functional impairment. Therefore, it is neces-
sary to select the correct target group requiring 
TKA through a method that can systematically 
evaluate functional impairment and pain.

14.1.1  Social and Economic 
Conditions

Social and economic conditions of a patient are 
also important in determining whether to perform 
TKA. Social conditions include every factor such 
as the patient’s family, surrounding environment, 
and the extent and scope of the patient’s life activ-
ities; among other factors, the most important to 
consider is whether a person and an environment 
to care for the patient are well prepared. If educa-
tion level is relatively low, if there are no guard-
ians to take care of the patient, or if the patient 
needs to continue economic activity for a living, 
the postoperative result may not be favorable.

14.1.2  Mental Status

Mental status may be easily overlooked in deci-
sion of TKA, but it is very important. Patients 
seeking additional financial or emotional ben-
efits from continued physical disability need a 
thorough preoperative examination and careful 
consideration as to whether to perform surgery. 

In case patients live with dementia or suffer 
from mental illness such as depression, mania, 
or schizophrenia, whether to have surgery must 
be consulted with a psychiatrist. Ellis et  al. [1] 
found that the surgery itself helped to improve 
the knee functioning of patients with depression, 
panic, and anxiety; however, the patients were 
less satisfied with the surgical result. As a result, 
they recommended that all patients undergo 
a mental status examination prior to surgery. 
Weak- minded, dependent patients who have a 
low pain threshold and are sensitive and have a 
closed, antisocial personality are likely to have 
a unfavorable clinical outcome since they fail to 
establish a good relationship with their doctor 
after surgery, which makes rehabilitation treat-
ment even harder.

14.1.3  Physical Condition

14.1.3.1  Age
In general, younger people tend to lead active 
lifestyle, and thus place more pressure on the 
knee joint, which shortens the longevity of 
implants, resulting in revision surgery. However, 
if patients are too old, the risk of anesthesia and 
postoperative complication increase and the clin-
ical outcomes might be not good due to muscle 
weakness and deterioration of general health. 
Therefore, the surgery is appropriate for those in 
their 60s to 70s whose general condition is rela-
tively good and less likely to perform a revision 
surgery caused by wear or loosening of implant. 
Nevertheless, TKA is not absolutely contrain-
dicated in patients over the age of 80s without 
severe medical illness. As for adolescent patients, 
since they are growing teenagers, TKA is never 
indicated. In the case of those in their 20s to 40s, 
TKA is restrictively considered only when they 
suffer from very serious secondary OA or rheu-
matoid arthritis (RA).

14.1.3.2  Comorbid Medical Illness
Comorbid illness has a great influence on peri-
operative complications and clinical outcomes. 
Illnesses such as hypertension and diabetes are 
not contraindicated as they can be controlled to 
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some extent before surgery. In case of cardiovas-
cular or kidney disease, it should be ensured that 
the patient can tolerate the surgery, and even after 
the surgery, much attention should be paid to the 
selection of drugs. In particular, taking anticoagu-
lants for cardiovascular disease may cause a lot of 
bleeding during perioperative period; therefore, 
it is necessary to make an appropriate pre- and 
postoperative plan in consultation with a cardiol-
ogist before surgery. As for kidney disease, care 
should be taken in the use of non- steroidal anti-
inflammatory drugs (NSAIDs) due to occurrence 
of acute kidney injury after surgery. There are 
several methods for classifying a patient’s status, 
which can be helpful in predicting operative risk. 
American Society of Anesthesiologists (ASA) 
provides a five- category classification ranging 
from a normal healthy patient to a patient who is 
not expected to survive beyond the next 24 hours 
regardless of surgery. Charlson Comorbidity 
Index is adapted to predict postoperative morbid-
ity and major complications. Voskuijl et  al. [2] 
reported that Charlson Comorbidity Index can 
be used to estimate the risk of readmission after 
surgery.

14.1.3.3  Obesity
Obesity is strongly associated with develop-
ment of degenerative arthritis. In addition, obese 
patients who undergo surgery are at higher risk 
for surgical site infection and slower wound 
healing due to decreased blood flow in soft tis-
sue. Moreover, many obese patients accompany 
diabetes, which further increases the risk of sur-
gical site infections. Even though obese patients 
are not contraindicated from arthroplasty, much 
attention should be paid because TKA in obese 
patients is related to perioperative medical com-
plications, intraoperative technical demands on 
the surgeon, and long-term outcomes. Foran 
et  al. [3] reported that the long-term follow-up 
of the clinical outcomes of TKA performed in 
obese patients was poor and also showed higher 
rates of revision due to wear and loosening. 
Dewan et  al. [4] reported that morbidly obese 
patients with a BMI of 40 or more may suffer 
from muscle weakness and abnormalities in the 
patella- femoral mechanism .

14.1.3.4  Condition of Muscle, Nerve, 
and Blood Vessel

It is necessary to evaluate the muscle strength or 
paralysis of the affected part. Generally, it is rec-
ommended that the muscle strength of the oper-
ated knee be Grade 4 or higher for arthroplasty. 
Parkinson’s disease is often accompanied by loss 
of motor coordination, mental illness, and muscle 
tremor. Even though TKA in Parkinson’s disease 
results in excellent pain relief and functional 
recovery, it is better not to perform surgery in 
the late stage of disease. The condition of blood 
vessels is as much important while it is generally 
overlooked. Patients with vascular diseases are 
highly likely to suffer from postoperative wound 
complications. Moreover, in severe cases, isch-
emic changes in the lower extremities may result 
in amputation or even death, thus, it is essential 
to check whether a patient has peripheral vascu-
lar disease. In addition, if a patient suffers from 
varicose veins or frequent edema in the lower 
extremities, accurate preoperative examination is 
required as the incidence of postoperative throm-
bosis is high.

14.1.4  Knee Joint Condition

14.1.4.1  Symptom
The first indication for TKA is uncontrolled pain 
not relieved even with conservative treatment [5]. 
Since pain is subjective, the degree of pain varies 
from person to person, and the degree of arthritis 
indicated on X-ray may not be corresponded with 
the pain perceived by each person. In this respect, 
if OA represented in the X-ray is corresponded 
with the symptoms of pain, it will be an indica-
tion for TKA; however, if actual pain is not much 
severe than OA on the X-ray, conservative treat-
ment shall be primarily attempted. On the con-
trary, if arthritis accompanies much severe pain 
than which is indicated on the X-ray, attempts to 
find other causes of pain should be performed.

14.1.4.2  Dysfunction of Knee Joint
The second indication is the knee dysfunction. It 
is necessary to check ROM when evaluating the 
function of the knee, and if it is not possible, it can 
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be estimated by asking the movements necessary 
for daily life. For example, how much patients 
can do in their daily life including whether they 
can walk, squat, or go up and down stairs, and at 
which point they feel pain or discomfort should 
be checked. If it is hardly possible to walk on 
flat ground due to severe muscle weakness, it is 
meaningless to undergo TKA.  However, if it is 
only difficult to go up and down stairs or cane 
is required, or walking with a lot of shaking due 
to instability of the knee, TKA can be a possible 
option to consider.

14.1.4.3  Disease Type
Most common disease type need TKA is OA 
(primary or secondary). In addition, RA, other 
inflammatory arthritis, osteonecrosis, ankylos-
ing spondylitis, and neuropathic arthritis are also 
included. Radiologic findings are very impor-
tant in deciding TKA. Kellgren-Lawrence (KL) 
classification is useful to evaluate the severity 
of knee OA. According to the KL classification, 
Grade III is defined moderate and Grade IV is 
severe. TKA is usually indicated for KL grade IV 
OA. Though OA is not diagnosed on radiologic 
findings, if patients complain of continuous pain, 
other reasons may have caused such pain. In such 
cases, it is highly likely that the problem is an 
early degenerative lesion of the cartilage, or that 
there are abnormalities in the ligaments and soft 
tissues (Fig. 14.1).

RA of the knee joint is also a good indication 
for TKA. RA was once known as a risk factor for 
TKA as it accompanies comorbidity. Stundner 
et al. [5] compared postoperative problems in OA 
patients with RA patients and found that there 
were no other differences than an increase in 
infection risk and an increase in blood transfu-
sion in RA. It is important to check prior to TKA 
in RA whether other joints have been affected. If 
other joints also need surgery, it is necessary to 
prioritize which to undergo surgery first. In addi-
tion, if the inflammatory reaction is severe, it is 
recommended to perform surgery after the acute 
phase subsided.

Surgical indications for osteonecrosis are 
when pain is very severe; more than half of the 
joint surface is invaded; the lesion is deep; and 

joint surface cracking and collapse is observed. 
On the other hand, when the necrosis does not 
exceed 1/2 of the joint surface and the lesion is 
not deep, it is advisable to consider conservative 
treatment. The secondary osteonecrosis shows a 
high rate of failure in TKA due to poor bone 
quality. Complications such as postoperative 
infection and aseptic loosening are likely to occur 
in the case of secondary osteonecrosis. According 
to a study by Mont et al. [6], 31 cases of TKA for 
steroid-induced osteonecrosis were performed, 
and about half were ended in failure, of which, 

a

b

Fig. 14.1 Radiographic and surgical finding of severe 
OA. (a) KL grade IV OA changes were seen on standing 
AP radiograph, (b) Severe cartilage wear and osteophytes 
were found on intraoperative photo
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11 knees were reported for loosening and 3 knees 
were reported for infection.

14.1.5  Contraindications

14.1.5.1  Relative Contraindications
If there is a severe stiffness of the knee joint with 
ROM less than 50 degrees, a successful TKA 
is not easy due to shortening of the quadriceps 
muscles and fibrosis and contracture of the joint 
capsule. In addition, it may cause joint instabil-
ity and neurological problems after TKA due to 
severe ligamentous imbalance and nerve stretch-
ing injury. Neuropathic arthritis is a destructive 
arthropathy where the joint has been damaged 
from repetitive trauma due to decreased sensa-
tion of pain. As for neuropathic arthritis, TKA 
itself is difficult, and even if it is performed, as 
there is no pain to protect the joint, the incidence 
of complications such as infection and peripros-
thetic fracture is high. TKA is relatively contra-
indicated when there is difficulty in walking due 
to muscle weakness caused by paralysis to the 
involved lower extremity. In the case of polio, 
in particular, TKA is technically difficult due to 
severe deformity of the knee joint such as exter-
nal rotation of the tibia, valgus deformity and 
flexion contracture, and even after the surgery, 
the incidence of complications such as recur-
rence of instability or decreased function has 
been reported to be high.

14.1.5.2  Absolute Contraindications
Absolute contraindications for TKA include 
infection, severe soft tissue defects around knee 
joint, and severe peripheral vascular disease. In 
particular, it is an absolute contraindication to 
TKA where there is a possibility of acute joint 
infection. In case there was a prior infection, the 
surgery must be performed after ensuring that 
the infection has been completely cured. In addi-
tion, if there is a recent history of acupuncture 
or moxibustion, or if an intra-articular injection 
of steroid has been performed, it is advisable to 
perform the surgery after completely eliminating 
the possibility of infection.

14.2  Implant Options in Total 
Knee Arthroplasty

The degree of arthritis, joint deformity and lax-
ity, and bone defects vary from patient to patient. 
In order to obtain a successful result in TKA, it 
is important to select the correct implant along 
with a close evaluation of the patient’s status 
before surgery [7–9]. With the development of 
biomaterials, type of prosthesis and fixation 
method, the options available to surgeons are 
increasing. It is necessary for surgeon to care-
fully decide which implant to select for patient’s 
better outcomes [10].

14.2.1  Implant Fixation

For TKA, implant fixation method is largely 
divided into cemented fixation and cementless 
fixation. A cemented fixation can be further 
divided into all cemented or hybrid fixation. All 
cemented fixation is a method that both the femur 
and tibia implants are fixed with cement. Hybrid 
fixation method is that the tibia implant is fixed 
with cement but the femur is not [8]. Recently, 
most of the patellar implants are made of PE, 
which utilizes cement fixation.

There are two major components of cement 
(polymethylmethacrylate (PMMA)): polymer 
powder and monomer liquid [11]. The monomer, 
a colorless liquid with a characteristic odor, is 
packaged in ampules. Methyl methacrylate com-
prises 97–99% of the liquid. N-dimethyl-p- 
toluidine acts as an activator, making up 0.4–2.8% 
by weight. Traces of hydroquinone (15–75 ppm) 
stabilize the monomer, preventing premature 
polymerization. The powder contributes to differ-
ences in properties. Microspheres of ground 
PMMA or copolymer contribute to 83–99% of 
the powder. The remaining components include a 
radiopacifier. Other additives to the powder may 
include antibiotics or dyes. PMMA powder has 
repeating carbon units and various lengths of 
chains. The longer the chain, the higher the 
molecular weight and the higher viscosity. 
Although the viscosity is not significantly related 

14 Total Knee Arthroplasty



278

to the strength, if the viscosity is too low cement 
is difficult to handle, which is why a higher vis-
cosity is currently preferred. When making 
cement, powder and liquid are mixed through 
four steps: mixing, waiting, working time, and 
hardening [10]. In order to obtain initial stability, 
the viscosity and timing of the cement paste are 
important; the time when cement does not stick 
with a finger is ideal [12]. Low-viscosity cements 
have longer sticky phases and shorter working 
phases. High-viscosity cements have long han-
dling times and a short sticky phase. The advan-
tage of cement fixation is that bleeding can be 
reduced, being useful when contact between 
instruments and bones is not consistent, and early 
weight bearing is possible because of its firm ini-
tial fixation. Although it is widely used in the 
elderly with severe osteoporosis or patients with 
RA, complications such as third-body wear, fat 
embolism, thermal necrosis may occur due to the 
use of cement, and the procedure may become 
more complicated when performing revision sur-
gery [13].

Cementless fixation method was introduced in 
the 1980s to reduce complications related to 
cement. It was initially done by a porous coated 
type and press-fit type. Currently, most of them are 
porous coating types which facilitates bone 
ingrowth into the porous surface and then eventu-
ally fixed [14]. The  advantage of cementless fixa-
tion is that the fixation is strong and permanent 
when intraosseous proliferation occurs, and bone 
loss is relatively small and complications due to the 
use of cement can be reduced during revision 
TKA.  It is mainly recommended for young and 
active patients, but a sophisticated procedure is 
required to ensure good contact between the bone 
resection surface and the implant [15].

14.2.2  Biomaterials

14.2.2.1  Metals
Currently, the metals used in TKA are cobalt 
chrome alloy and titanium or zirconium. Metal 
substitutes must be biocompatible. It should not 

have any inflammatory or allergic reactions that 
can cause bone resorption, and not cause sys-
temic reactions due to absorbed metal ions. In 
addition, there should be excellent durability, 
which depends on the fatigue strength and corro-
sion resistance [9, 16].

Cobalt Based Alloys
Cobalt chromium alloys are most commonly 
used material in manufacturing an artificial joint. 
It has excellent abrasion resistance and corro-
sion resistance, adequate biocompatibility, and 
generally exhibits satisfactory fatigue strength. 
Cobalt chromium alloy is widely used in femoral 
implants because it can be polished to a mirror 
like surface for articulation with polyethylene 
(PE), which decreased wear due to joint motion. 
When the surface of the cobalt chromium alloy is 
scratched, the wear of the PE increases [17–19]. 
Use of cobalt chromium tibial trays in comparison 
with titanium alloys produced a stress- shielding 
effect on the proximal tibia.

Titanium Based Alloys
Currently, most commonly used titanium based 
alloy in the field of orthopedic surgery is an 
aluminum- vanadium-titanium alloy called 
Ti-6Al-4V. It has excellent ductility and castabil-
ity, and its modulus of elasticity is about 1/2 of that 
of cobalt chromium alloy, so that the force from 
the implant to the bone is well distributed, thereby 
reducing bone absorption. Ti-6Al-4V suffers from 
poor shear strength and poor surface wear prop-
erties in certain loading conditions. Therefore, 
titanium alloys are not used for femoral compo-
nents because they have poor scratch resistance 
properties. In addition, fine particles of aluminum 
and vanadium caused by wear may cause toxic-
ity in vivo [17, 20, 21]. Generally, titanium alloys 
are not good loading materials. Since it has low 
abrasion resistance and high coefficient of friction, 
titanium–titanium joint surfaces are not generally 
used, and their use as joint surfaces for ultra-high 
molecular weight polyethylene (UHMWPE) is 
limited. Cobalt alloys and ceramics are more suit-
able for joint surfaces than titanium alloys.
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14.2.2.2  Ceramics
Ceramic materials produced from aluminum 
oxide and zirconium oxide have been mainly 
used for femoral component. Ceramic materi-
als are formed by thermally driven oxidative 
process producing an articulating surface with 
ceramic properties on the metal implant. This 
surface is very smooth, and due to its smooth 
surface, the coefficient of friction is lower than 
that of the metal–PE interface, resulting in 3–16 
times less occurrence of wear. Ceramics are 
much more resistant to compressive force than 
to tensile force. However, it is fragile and is hard 
so that it cannot withstand irregular impacts or 
loads [22].

14.2.2.3  Polyethylene (PE)
PE is made by polymerization of ethylene and 
has been used for a bearing surface for ortho-
pedic implant. Initially, high molecular weight 
PE (HMWPE) was used, which contains sub-
stances that have the same chemical composition 
but differ in various molecular and microstruc-
tures. Currently, ultra-high molecular weight 
PE (UHMWPE), a molecular weight about 2−6 
million, is widely used and has excellent impact 
strength, toughness, and wear-resistancy [23]. 
PE liner of TKA is more vulnerable to mechani-
cal failure due to biomechanical and kinematic 
characteristics of knee joint. Recently Vitamin E 
containing PE was developed for decreasing oxi-
dation and degradation of mechanical properties 
of PE.

14.2.3  Bearing Surfaces

There are many bearing surface options for 
TKA. Among them, cruciate retaining (CR type), 
cruciate sacrificing (CS type), and posterior sta-
bilized (PS type) replacements have been com-
monly used. The bearing surface used in TKA 
was designed based on the kinematics of struc-
tures including the PCL. Therefore, it is impor-
tant to understand the basic kinematics of the 
knee joint and the kinematics of TKA.

14.2.3.1  Kinematics
The knee is an unstable joint structure by nature 
in terms of the shape of the bone. The lateral 
tibia plateau is convex in the sagittal and coro-
nal planes, and the medial tibial plateau is wider 
and concave than the lateral. Complex movement 
of rolling, sliding, and rotation occurs in nor-
mal knee. During the first 30 degree flexion of 
the knee, a rolling motion between the tibia and 
the femur occurs mainly, and after that, the PCL 
becomes tense and a sliding phenomenon, the 
so- called femoral roll back between the two joint 
surfaces, begins. The femoral roll back mecha-
nism prevents the posterior tibia and femur from 
colliding during maximum flexion, allowing the 
knee to be bent up to 140 degrees at a normal 
knee. In the lateral tibial plateau, which has a con-
vex surface than the medial one, a sliding motion 
occurs, causing the tibia to rotate internally to the 
femur while flexing the knee joint. The femoral 
roll back mechanism also increases the strength 
of the quadriceps muscle when flexing the knee 
by lengthening the moment arm to advance the 
pulling direction of the quadriceps muscle. Both 
CR type and the PS type TKA cannot reproduce 
normal knee kinematics because contact sur-
face of native knee joint is significantly different 
from that of metal and PE in their biomechani-
cal properties. Some authors suggested that it is 
impossible to preserve the intrinsic characteris-
tics such as the length and tension of the PCL in 
TKA [24]. Dennis et al. [25] reported that the CR 
options showed a consistent anterior movement 
of the femur during knee flexion. The move-
ment of femur in the opposite direction to the 
expected femoral roll back is called a paradoxi-
cal roll-forward.

14.2.3.2  Cruciate Retaining (CR or 
PCL Retaining) Type

Traditionally, flat tibial PE liner has been used 
for CR types, which theoretically allows intact 
PCL to occur natural femoral roll back during 
knee flexion. Theoretically, femoral roll back 
occurs more in CR type than PS type or CS 
type. Therefore, advocates of CR type insist it 
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improves joint function, ROM, strength, and sta-
bility, reduces contact surface stress, and shows a 
more normal and efficient gait pattern, especially 
when climbing stairs [26]. Other advantages of 
the CR type include anteroposterior stability, 
improved proprioceptive sensation, good femoral 
roll back, increased abduction-adduction stabil-
ity, and improved strength of quadriceps muscle 
which adds stability when going up and down 
stairs [27]. In addition, the angle of knee flex-
ion is thought to be more increased and femoral 
bone to be more preserved compared to the PS 
type. Several designs of CR types have reported 
successful clinical outcome with a survival rate 
of more than 10–15  years over 95% [28–31]. 
In spite of these advantages, there were several 
disadvantages of CR types. PE insert in the early 
model of the CR type was thin and flat, so the 
load was excessively concentrated in one place, 
which produces an excessive PE wear. If the PCL 
is too tight, the femoral roll back would be exces-
sive, and if it is too loose, the paradoxical femo-
ral roll-forward may occur [32, 33]. If the PCL 
is not properly balanced when flexion or exten-
sion instability exists, the ligament may rupture 
later. In addition, the PCL rupture after CR TKA 
in inflammatory arthritis may lead to posterior 
instability.

14.2.3.3  Posterior Stabilized (PCL 
Substituting, PS) Type

The PCL is histologically not normal in patients 
with arthritis and significant degenerative 
changes were found in 63% of the PCL collected 
during surgery [34]. Montgomery et  al. [27] 
reported that delayed rupture of the PCL occurs 
in the incidence of 2% after CR TKA, which may 
cause chronic instability, disabling pain, and revi-
sion TKA. To overcome the disadvantages of CR 
type, alternative bearing surface was introduced 
which substituted the PCL. Typical PS type TKA 
consists of a polyethylene tibial post that engages 
a cam on the femoral component, which is called 
cam-post design. PS type TKA is easy to correct 
the deformity and to obtain a joint compatibil-
ity, which can thereby reduce the wear of PE. It 
can also control the femoral roll back and show 
good clinical results regardless of technical dif-

ferences among operators. Even with the severe 
deformity in sagittal or coronal plane, it can be 
easily corrected with PS type. In addition to this, 
there are several advantages of PS type TKA, 
such as technically easy surgery, kinematically 
reproducible femoral roll back mechanism, less 
PE wear, and easy correction of severe deformity. 
Disadvantages of PS type are dislocation of tibia 
post due to flexion gap imbalance, intercondy-
lar fracture of the distal femur, patella fracture, 
patella clunk syndrome, and wear or fracture of 
the tibial post, etc. (Fig. 14.2).

14.2.3.4  Cruciate Sacrificing (CS) Type
CS type has no structure, such as cam-post, to 
complement the femoral roll back after remov-
ing the PCL.  Shape of CS type is ultracongru-
ent, deep dished anterior buildup appearance that 
reinforces the front of PE and deepens the artic-
ular surface of PE. The front side is reinforced 
with about 12.5 mm, while the lowest point (null 
point) of PE is located at about 4–6 mm posterior 
to form a ball-in-socket structure. By doing this, 
conformity can be increased and posterior stabil-
ity can be obtained. The advantage of this design 
is that it can be used regardless of the preserva-
tion of the PCL and the anteroposterior mobility 
of the tibia and femur is kept constant, the bone 
loss is less than that of the PS type, and there is 
no wear or damage of the post. Parsley et al. [35] 
compared CS type with PS type, which showed 
a larger ROM in the PS group, but there was no 
difference in functional outcome (Fig. 14.3).

14.2.3.5  Varus-Valgus Constrained 
Prosthesis

The constrained condylar knee (CCK) or varus- 
valgus constrained (VVC) type implants have a 
larger and broader central post of tibial PE and a 
deep femoral box, which provide more inherent 
coronal plane stability than do PS prostheses. By 
this design characteristics, varus-valgus stability 
can be obtained, but since hyperextension cannot 
be controlled, it cannot be used for recurvatum 
deformity [36]. The CCK design can be used for 
revision surgery or for primary surgery in patients 
with unstable knee or extreme valgus deformity 
with medial collateral insufficiency [37].
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14.2.3.6  Rotating Hinged Prosthesis
It is a fully constrained prosthesis. The tibial and 
femoral components of RH prosthesis are linked 
with an axle that restricts varus-valgus and trans-
lational stresses. RH prosthesis permits rotation of 
the tibial bearing around a yoke on the tibial plat-
form to decrease the overall amount of constraint 
[37, 38]. It was designed for primary or revision 
option when there are severe bone defects, high 
degree ligament insufficiency, severe flexion and 
extension gap imbalance, and severe recurvatum 
deformity. It can also be used for limb salvage 
procedure after radical resection of tumor in the 
distal femur or proximal tibia [38].

14.2.4  Implant Design

14.2.4.1  Mobile Bearing Design
The concept of a mobile bearing is to permit 
unrestricted motion of PE between the femur 
and tibia while providing congruity of the joint 
surface. The main advantage is to reduce the 
contact stress between the components, and this 
type of joint surface minimizes wear and allows 
the movement of the PE insert to maintain joint 
motion and ligament function. Other advantages 
are that it reduces the contact stress on the joint 
surface, enables the rotational motion of the tibial 
PE when walking, and compensates for a small 
amount of rotational malalignment of the tibial 
base plate caused by the automatic alignment of 
the PE [39]. Even though the concept of dealing 
with the PE wear problem is attractive, there is no 
evidence of lowering the wear rate in the mobile 
bearing design in long-term follow-up studies. 
Furthermore, it cannot be said that it shows better 
results than fixed type design in terms of clinical 
prognosis and ROM [40, 41].

a bFig. 14.2 Disadvan-
tages of PS type TKA. 
(a) posterior dislocation 
of tibia in posterior 
stabilized knee might 
occurs in flexion 
instability, (b) patellar 
clunk syndrome. The 
scar tissue on the distal 
part of the quadriceps 
tendon falls into the 
intercondylar groove 
when the knee is flexed 
and then comes out 
when extended, causing 
pain and clunk sound

Fig. 14.3 Schematics of ultracongruent, deep dished 
anterior buildup PE prosthesis
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14.2.4.2  High Flexion Design
Knee ROM, especially knee flexion, is one of the 
most important factors determining success after 
TKA.  However, knee flexion seldom exceeds 
110–115° using conventional TKA design [42]. It 
has been tried to modify the femoral component 
design to enhance knee flexion after TKA.  CR 
implant with high flexion design is usually not 
used because the PCL tension in CR type is occa-
sionally inappropriate. The PS design is mostly 
used in high flexion design because the PE insert 
of PS type is more congruent and the post-cam 
is used to easily reproduce the femoral roll back. 
Disadvantages of high flexion design are high 
incidence of patellofemoral complication, the 
shear force to the femoral component increases 
due to the high flexion, which may lead to early 
loosening of the femoral prosthesis. Although 
some report the high flexion design showed bet-
ter results in early ROM after surgery [43], oth-
ers report that there was no significant difference 
in patient satisfaction and functional evaluation 
compared to the conventional design [44, 45].

14.2.5  Selection of Patellar 
Components

Patellar components can be classified according 
to their composition, fixing method, and place-
ment and shape of the patella prosthesis. In terms 
of composition, it is classified into a metal- backed 
patella, which is an early design, and an all-PE 
type, which is mainly used in recent years. Metal-
backed patella is rarely used nowadays because 
the thickness of PE is thin, which makes PE wear 
occur more easily. All-PE patella implant is usu-
ally fixed with cement, and there is a peg at the 
bottom to facilitate fixing. If there is one peg, 
the fixing force is weak and it can easily cause a 
patella fracture, so the 3 peg type is widely used. 
However, even in the 3 peg type, the peg may be 
damaged, so the connection part is improved to 
be thicker to withstand repeated shearing force. 
It can be classified by location into an onset type 
that is placed on a flatly excised patella and an 

inset type that is planted in the excised bone. The 
inset type is a dome shaped implant with one peg 
and was developed to thicken PE or to be used 
when there is a bone defect, but it is rarely used 
because of its complicated surgical technique 
and a risk of a patella fracture. Onset type is 
commonly used, but it has some disadvantages 
such as fragility to shearing force, possibility of 
patellar inclination, and that the fixed peg may 
be damaged [46, 47]. The shape is classified into 
circular shape, oval shape, and anatomical shape 
according to the shape of the dome. The circular 
shape itself does not have an axis for tracking, so 
it is easy to operate. Elliptical or ovoid shape is 
known to perform better sliding motion than the 
circular shape. However, if the axis is not aligned 
correctly, a patellar maltracking occurs. The 
anatomical type resembles the native patella in 
morphology closely, so theoretically the patellar 
tracking should be the best. However, it is a tech-
nically demanding procedure because the resto-
ration of anatomical shape of patella is difficult. 
Other than that, there is a sombrero type, which 
is a variant of circular type, theoretically resistant 
to abrasion by thickening the edge [46, 47].

14.3  Preoperative Preparation 
and Patient Optimization

14.3.1  Medical Evaluation

The main purpose of preoperative medical evalu-
ation is to apprehend surgery-related risks before-
hand and minimize perioperative morbidity of 
the patient. Most of the patients receiving TKA 
are old aged peoples and are more likely to dete-
riorate cardiovascular and respiratory function. 
These patient groups are usually accompanied 
with hypertension, diabetes, and osteoporosis 
which all increase postoperative complication. 
Therefore, safety of the patient must be guaran-
teed after evaluation and treatment of preexisting 
conditions, supplementary tests for postopera-
tive management, and cooperation with another 
medical department.
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14.3.1.1  Cardiovascular Disease

Hypertension
Hypertension must be checked during preoperative 
interview and physical examination. Generally, 
in planned surgery such as TKA, hypertension 
lower than 180/110 mmHg does not increase risk 
of cardiovascular complication, and TKA can be 
performed while maintaining proper blood pres-
sure before the surgery. However, patients with 
high blood pressure over 180/110 mmHg must be 
postponed of the surgery until it is downregulated. 
If hypertension is confirmed before surgery, other 
cardiovascular risk factors and hypertension medi-
cation prescription must be evaluated and appro-
priate medical consultation is needed. B-blocker, 
among all antihypertensive medication, is used as 
drug of choice for hypertension as it reduces risk of 
cardiovascular complication and mortality, while 
it has a risk of postoperative atrial fibrillation. 
Diuretic, angiotensin converter enzyme inhibitor 
(ACEi), and angiotensin receptor blocker (ARB) 
can cause electrolyte imbalance and hypotension 
during the surgery, whose administration must be 
stopped on the day of surgery and be resumed after 
the patient has fully recovered [48].

Arrhythmia
Arrhythmia is an independent risk factor that 
increases risk of coronary artery disease before 
and after the surgery. Lately, as many patients 
with arrhythmia tend to have pacemakers or take 
anticoagulants, type and program of pacemaker 
must be checked before surgery, and the pace-
maker mode must be changed after consultation 
with cardiologist. In general, when patients are 
dependent on pacemaker, it must be changed 
to non-synchronized mode and in those with 
implantable defibrillator, the program is recom-
mended to be stopped. In addition, if the patient 
is taking anticoagulant, appropriate cessation 
period must be kept as it may interrupt hemosta-
sis during perioperative periods [48].

Heart Failure
If there is a history of congestive heart failure, 
aggressive volume loading should be avoided 
perioperatively because of the possibility of pul-
monary edema and peripheral edema.

14.3.1.2  Endocrine Disease

Diabetes Mellitus (DM)
Diabetes is commonly accompanied by other 
medical conditions like renal failure or chronic 
cardiac ischemia and peripheral circulatory dis-
ease. Moreover, diabetes causes problem in 
recovery of postoperative wound. No other spe-
cial treatments are needed if the blood glucose is 
controlled at less than 200 mg/dl in fasting state 
and less than 7.0 HbA1c level before the surgery, 
but if not, the glucose must be controlled with 
preoperative insulin injection. In addition, diabe-
tes patients also commonly have nephropathy, so 
NSAIDs use must be cautious in postoperative 
pain control [49].

Long-term Corticosteroids User
Most OA patients are taking various types of 
pain medication for long time. Especially, when 
taking steroids for long period, adrenal func-
tion is highly likely to be depressed, resulting 
in unstable blood pressure during the surgery. 
Therefore, adrenal insufficiency must be evalu-
ated, and corticosteroids injection should be 
considered perioperatively. In TKA, 50–75 mg 
of hydrocortisone is to be administered on the 
day of surgery or daily administration after 
gradual attenuation for 1–2 days after 10–15 mg 
of methylprednisolone injection [50].

14.3.1.3  Chronic Renal Disease
Patients with chronic renal disease may show 
anemia, dysfunctional platelet, chronic metabolic 
acidosis, and electrolyte and calcium imbalance. 
Evaluating patients who are receiving dialysis for 
chronic renal disease must be cautious as it may 
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increase myocardial enzymes. As NSAIDs have 
great impact on renal perfusion, patients with 
renal dysfunction must avoid them. Patients hav-
ing dialysis must be conscious of volume load-
ing, hypercalcemia, and acidosis [51].

14.3.1.4  Psychiatric Comorbidities
The prevalence of psychiatric disorders in patients 
undergoing TKA exceeded 20%, which is higher 
than that of the general population. Psychiatric 
comorbidities are associated with negative short-
term and long-term outcomes after TKA, particu-
larly for physical function, quality of life, patient 
satisfaction, as well as pain and the use of anal-
gesic medication. Psychiatric comorbidities such 
as anxiety, depression, or somatization disorder 
should be evaluated before TKA [52].

14.3.2  Preoperative Preparation 
for Patients Taking 
Medications

14.3.2.1  Non-steroidal Anti- 
inflammatory Drugs

NSAIDs inhibit formation of platelet-derived 
thromboxane A2 with COX-1 inhibition and 
impede thromboxane-dependent platelet aggre-
gation, increasing bleeding time. As such inter-
action is reversible, antithrombotic effect of 
NSAIDs is not occurred after drug cessation for 
5 times the half-life (Table 14.1).

14.3.2.2  Antithrombotic Drug
People with senile medical diseases or history 
take antithrombotic medications such as aspirin, 
and recently, antithrombotic drugs are increas-

ingly being used for preventive purposes even 
for those without symptoms [53]. It is recom-
mended that preoperative use of aspirin must be 
ceased 7–10 days before surgery due to lifespan 
of hemoglobin [54]. But, a recent study showed 
low dose aspirin (100 mg) did not result in more 
blood loss [55]. In general, aspirin and clopido-
grel bisulfate need to be stopped 7–10 days for 
restoring the anticoagulation effect. Patient tak-
ing both aspirin and clopidogrel bisulfate may be 
recommended to stop taking clopidogrel bisul-
fate 7–10 days and aspirin 5 days before surgery 
(Table 14.2).

14.3.2.3  Anti-rheumatic Drug
Anti-rheumatic drugs are metabolized through 
multiple pathways and have variable half-lives. 
Methotrexate metabolite is removed via renal 
excretion, and patients with deteriorated renal 
function may show bone marrow suppres-

Table 14.1 Half-life and preoperative treatment of commonly used NSAIDs

NSAIDs Half-life (hr) Preoperative treatment
Naproxen 12–15 Stop 4 days before surgery
Ibuprofen 1.8–2 Stop 1 day before surgery
Diclofenac 2 Stop 1 day before surgery
Nabumetone 23–24 Stop 5 days before surgery
Piroxicam 50 Stop 10 days before surgery

Table 14.2 Typical antithrombotic drugs and recom-
mended discontinuation days

Ingredient name
Product 
name

Number of days to 
stop

Apixaban Eliquis 5
Aspirin Aspirin

Astrix
7

Aspirin + 
Clopidogrel

Clopirin 7

Cilostazol Cilo V
Plataal SR

3

Clopidogrel Plateless
Plavix

5

Ginko bliloba Ext Ginexin F 1
Limaprost Opalmon 1
Rivaroxaban Xarelto 5
Warfarin sodium Warfarin 5
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sion due to the toxic metabolite. Therefore, it 
is recommended to cease the drug for 1  week 
before and after surgery in healthy patients and 
2 weeks in poor general condition patients [56]. 
Leflunomide has long half-life, it is generally rec-
ommended to be discontinued for 2 weeks before 
the surgery and resumed 3 days after the surgery. 
Sulfasalazine and azathioprine have relatively 
short half-life and are excreted via kidney. So 
they should be discontinued from 1 day before the 
surgery until third day after the surgery. Clinical 
data are insufficient, and anti-TNF-α agents must 
be discontinued 1  week before the surgery and 
resumed 10–14 days after the surgery, while IL-1 
inhibitor is recommended to be discontinued 
1–2 days before the surgery and resumed 10 days 
after the surgery [56].

14.3.3  Knee Specific Evaluation

14.3.3.1  Preoperative Examination
The patient must be inquired of level of pain and 
function of involved knee, past medical history 
and other comorbidity, and especially, it must be 
differentially diagnosed if it is vascular disease 
in lower limb or hip joint and spine disease. On 
physical examination, soft tissue status around 
knee, deformity and instability of the joint must 
be examined. ROM is generally measured in pas-
sive ROM.  Patients with extension deficiency 
might be needed a different surgical method 
depending on its cause, whether it is due to flex-
ion contracture or extension lag. In addition, as 
strength of quadriceps muscle greatly affects 
prognosis, strength of quadriceps and hamstring 
muscle must be measured. Before TKA, infection 
risk must be assessed. If the surgery is performed 
with infection not only in knee but also remote 
part, the risk of periprosthetic deep infection is 
increased. Pulmonary or urinary tract infection, 
recent tooth extraction, intra-articular injection 
must be checked before the surgery, and any 
intra-articular injection or acupuncture is prohib-
ited until the surgery.

14.3.3.2  Preoperative Radiologic 
and Other Examination

Radiographic examination is essential for pre-
operative planning of TKA. Radiographic view 
for TKA should include both knee standing 
AP, lateral, axial view and whole leg standing 
AP view. Prior to surgery, the degree of arthri-
tis, ligamentous instability, intra-articular loose 
body, and size and location of the bone defect 
should be evaluated. Varus-valgus stress X-ray 
should be taken in case of ligamentous instabil-
ity that might be needed a more constraint insert. 
If significant bone defect is observed, bone 
defect management should be planned. It is also 
necessary to predict the extent of bone resection 
during surgery, size and location of the implant 
by radiographs. Whole leg standing AP view is 
essential for assessing the alignment of the lower 
extremities and predicting the bone resection in 
advance to obtain satisfactory alignment of the 
lower extremities after TKA.  Mechanical and 
anatomical axis of lower limb is also measured 
on whole leg standing AP view. CT and MRI are 
not always needed in TKA patients. However, 
CT scan is useful for evaluating rotational align-
ment and bone defect of the knee joint. MRI is 
helpful for evaluating the accompanying soft 
tissue problems or inflammatory disorder. If 
inflammatory arthritis is suspected, serologic 
examination and joint fluid analysis should be 
performed before the surgery.

14.4  Surgical Techniques

14.4.1  Innervation and Blood Supply

14.4.1.1  Blood Supply
The anterior part of the knee joint is composed of 
thin skin and incorrect incisions may cause would 
healing problems, which might lead to complica-
tions. The blood vessels on the anterior side of 
the knee are largely composed of external and 
internal blood vessels. The external blood vessels 
consist of branches originating from the descend-
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ing genicular artery that arises from the superfi-
cial femoral artery just before it passes through 
the adductor hiatus, and the saphenous branch 
and articular branch are the main branches. These 
structures eventually supply the subcutaneous 
tissue and skin layer, thus highly influencing the 
wound healing. The internal blood vessels are 
composed of lateral superior genicular artery, 
medial superior genicular artery, lateral inferior 
genicular artery, and medial inferior genicular 
artery and are located under the deep fascia to 
form a ring around the patella. The external and 
internal blood vessels are interconnected via a 
perforating artery that penetrates the deep fascia 
(Fig. 14.4a, b). The descending genicular artery 
originates from the medial side running to the 
lateral side. For this reason, if the skin incision is 
performed from the medial side, it is highly likely 
that the external blood vessels will be damaged; 
therefore, it is better to perform the skin incision 
from the lateral side if possible (Fig. 14.5).

a b

Fig. 14.4 Blood supply around knee joint. (a) view from anterior aspect, (b) view from posterior aspect

Fig. 14.5 The main vascular supply area of the epidermis 
of the right knee joint
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14.4.1.2  Nerve Innervation
After TKA, a significant number of patients 
complain of decreased sensation in the lateral 
region of the incision line. The nerves that inner-
vate anterior knee joint are largely composed of 
four. In the femur, the medial cutaneous nerve 
of thigh and the intermediate cutaneous nerve of 
thigh run across from the medial part to the lat-
eral part. In the tibia, the infrapatellar branch of 
saphenous nerve runs across from the medial to 
the lateral side. Lateral cutaneous nerve of calf, 
which is a branch of the common peroneal nerve 
innervates to the lateral side of knee joint. The 
longer the incision line to the upper part of the 
patella, the more likely it is that the skin nerve 
branches in the femoral side is damaged, thus 
resulting in decreased sensation after surgery. As 
for the infrapatellar branch of saphenous nerve, 
when an incision is performed to the tibial tuber-
osity, the damage on the nerve is inevitable. 
Occasionally, some patients do not complain 
of decreased skin sensation after surgery, either 
because of the variability of innervation or 
because the lateral cutaneous nerve of the lower 
leg overlaps with the control area (Fig. 14.6).

14.4.2  Drape and Tourniquet Use

The importance of drape in preventing postop-
erative infection cannot be overstated. Whole 
leg including surgical site should be sterilized 
thoroughly with betadine and alcohol using non- 
touch technique. The operating table must be 
wrapped with a tarpaulin to prevent possible con-
tamination caused by liquid penetration. The skin 
should be fully covered with surgical drape so 
that the exposed area for surgery is not exposed 
to the air and does not interfere with bending and 
stretching the knee. Tourniquet is wrapped up to 
the proximal thigh to the maximum. Wrapping an 
auxiliary tool such as a cotton ball under the tour-
niquet is helpful in minimizing chafing. Wrapping 
a tourniquet minimizes bleeding, which helps to 
secure the surgical field of view for an accurate 
surgery. However, using a tourniquet may cause 
cardiovascular problems. Relative increase in 
cardiovascular blood flow causes a temporary 
increase in blood pressure, which in turn may 
lead to pulmonary edema and heart attack. For 
this reason, whether to use a tourniquet for a 
patient with cardiopulmonary disease or vascular 
disease should be cautious. Generally, the pres-
sure is about twice the systolic blood pressure 
of the patient undergoing surgery, usually raised 
to 300–350  mmHg. However, for patients with 
large bodies, the pressure of 300 mmHg is insuf-
ficient, which may cause bleeding in the cancel-
lous bone and the marrow cavity. However, even 
when the pressure of a tourniquet was less than 
225 mmHg, the operation was effectively com-
pleted without postoperative complications [57]. 
This pressure is applied up to two hours, and if 
the surgery is prolonged, the tourniquet is briefly 
loosened and pressed again. Recently, several 
studies claimed that the use of tourniquet has no 
benefit on performing TKA [58–60].

14.4.3  Surgical Approach

The surgical approach affects the entire process 
of surgery from start to finish. During the surgical 
approach, sufficient visibility should be obtained. 

Fig. 14.6 Cutaneous nerve distribution around left knee 
joint
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In addition, surgical approach should ensure that 
the surgical procedure is carried out without 
damaging important anatomical structures. Since 
important nerves and blood vessels are located 
behind the knee, the anterior approaches for TKA 
are preferred.

14.4.3.1  Skin Incision
Skin incision should be made in a way that does 
not interfere with surgical procedure, while it 
does not cause problems concerning cosmetic 
and wound healing. As the skin of the knee is 
relatively thin, the joints are close to the skin. 
This increases the risk of deep infection, which 
requires much attention. For patients with thin and 
fragile skin, the incision should be made as long 
as possible to avoid applying excessive tension 
to the skin. Surgical scars are found in patients 
who had knee surgery before. Arthroscopic sur-
gery scar is not much concern, however if there 
is a transverse incision scar, new incision should 
be performed tangentially. If there is a longitudi-
nal incision scar, using the existing incision line 
as possible is recommended. However, if a com-
pletely new incision line is needed, a distance 
of at least 6 cm from old incision is required in 
principle. Considering that the blood flow com-
ing from the medial side is more abundant and 
the blood flow from the lateral part is relatively 
poor, it is desirable to make an incision as more 
lateral side as possible (Fig. 14.7).

In principle, the skin incision line during TKA 
is made vertically. The anterior skin incision is 
made straight midline, curvilinear medial or lat-
eral para-patella according to location. Most pre-
ferred incision is straight midline incision. 
Midline incision is a method in which a straight 
incision is made passing through the center of the 
patella, from about 6–8 cm from the upper pole 
of the patella to about 1–3 cm below the patellar 
tendon attachment. The midline incision has the 
advantage that the incision can be easily extended 
up and down, if necessary. It is important that the 
incision ends in the medial than the tibial tuber-
osity at the distal part, which is beneficial for 
wound healing and minimizes dysfunction such 
as irritation caused by scarring. A medial para- 

patella incision is a method in which the start 
point and the end of an incision are similar to the 
midline incision, but the center of the incision 
lies in the medial side to the patella. Due to ana-
tomical problems, it may cause wound healing 
problems and reoperation is difficult. For such 
reasons, this method is not often used nowadays. 
A lateral para-patella (anterolateral) incision is a 
method in which the start and end of the incision 
are similar to the midline incision, but the center 
of the incision lies in the lateral side of patella. 
Although this method has the advantage of being 
able to save the blood vessels supplying blood to 
the adjacent skin, the downside is that it is diffi-
cult to obtain a surgical visualization during sur-
gery because arthrotomy is made in the lateral 
side. In general, this approach is useful for TKA 
in patients with severe valgus deformity.

14.4.3.2  Capsular Approaches
The standard approaches include a medial parapa-
tellar approach, a subvastus approach, a midv-

Fig. 14.7 Skin incision (a) midline (b) paramedial (c) 
anterolateral
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astus approach, and an anterolateral approach 
(Fig. 14.8).

Medial Parapatellar Approach
The medial parapatellar approach is currently 
the most widely used. The advantage is that this 
method allows obtaining a surgical field of view 
more easily, the operation is not much difficult 
and it enables the extension of incision up and 
downwards. The incision for the area of the quad-
riceps tendon is made in the center or medial of 
this tendon or on the vastus medialis. As when 
incisions are made to the vastus medialis, prob-
lems such as bleeding, pain, and fibrosis of the 
muscles may arise, incisions are usually made 
in the medial 1/3 of the quadriceps tendon. The 

downside is that blood vessels from the medial 
side can be damaged and it may bring postopera-
tive extension weakness.

Subvastus Approach
Subvastus approach is made along the medial 
side of the vastus medialis obliquus instead of 
making an incision on the quadriceps tendon, and 
then the entire extension mechanism is dislocated 
laterally. The skin incision is the same as the 
anterior midline incision, after that, an incision is 
made as the superficial fascia covering the vastus 
medialis and the incision reaches to the medial 
side of the vastus medialis. The vastus medialis 
can be elevated by blunt dissection from the inter-
muscular septum, which is approximately 10 cm 
above the adductor tubercle. Attention should be 
paid to avoid injury to the neurovascular contents 
of adductor canal. This method has several mer-
its. There is no damage to the superior genicu-
lar artery going to the medial side of the patella. 
Furthermore, it might be helpful to the postopera-
tive patella tracking because there is no damage 
to the extension mechanism. Curtin et  al. [61] 
reported that with this approach, the extension 
mechanism was not impaired, thereby decreasing 
pain until 6 weeks after surgery. Tomek et al. [62] 
compared the subvastus approach to the medial 
parapatellar and found that in the group using the 
subvastus approach, there was less pain at rest on 
day 1 after surgery and at activity on day 3 after 
surgery, but still there was no meaningful differ-
ence in other factors.

Midvastus Approach
The midvastus muscle splitting arthrotomy is 
that the middle part of the vastus medialis is split 
in the direction of the muscle fibers at 4–5  cm 
of the superomedial part of the patella, and the 
joint incision is extended to the medial part of 
the patellar tendon. It is easier to evert the patella 
with midvastus approach than with the subvas-
tus approach. This approach has the advantage 
of maintaining the extension mechanism as it 
preserves the nerves going to the quadriceps ten-
don of the upper patella and the vastus medialis, 
and the blood flow to the patella is preserved to 

Fig. 14.8 The relationship between the distribution of 
blood vessels around the patella and joint incision method. 
(A) Anterolateral approach, (B) Medial parapatellar 
arthrotomy, (C) Midvastus arthrotomy, (D) Subvastus 
arthrotomy, (E) Quadriceps-sparing appraoch
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some extent. White et al. [63] reported that this 
approach can be applied to obese patients or 
patients with severe deformity and even patients 
who have previously operated with this incision 
approach. Dalury et al. [64] reported that midvas-
tus approach, compared to the medial parapatellar 
approach, has merits in that fewer lateral retinac-
ular releases are required, and has advantages in 
terms of postoperative pain and earlier return to 
function for the first 6  months. However, there 
was no such difference after the first 6 months.

Anterolateral Approach
This approach opens the joint from the lat-
eral part of the patella and is limitedly used in 
patients with valgus deformity. With an antero-
lateral incision of the skin, an incision is made 
from the lateral margin of the quadriceps tendon, 
along the patella and the lateral part of the patel-
lar tendon, to the lateral part of the tibial tuber-
osity. This approach allows the blood circulation 
of the medial part to be preserved and correction 
to be made by directly reaching the deformity 
area. In addition, it enables less peeling of the 
skin and the gradual release of soft tissue in the 
lateral side. However, it is difficult to make ever-
sion of the patella medially, not easy to obtain a 
good surgical view, and it might cause soft tissue 
defects in the lateral part. If necessary, the lateral 
arthrotomy can be used as a lateral release to help 
the patella tracking by leaving it opened.

Medial Trivector Retaining Approach
This approach aims to maintain the normal 
tracking of the patella by preserving the ana-
tomic trivector arrangement of quadriceps. This 
approach is designed to retain the quadriceps 
muscle by cutting the medial vastus vertically 
at the medial part of the quadriceps tendon and 
by making an incision on the medial part of the 
patellar tendon and tibial tuberosity at the distal 
part. This approach is performed with the knee 
flexed 90°–110° so that the quadriceps muscle is 
under maximal tension and thinned out as much 
as possible during the incision. However, in fact, 
it is not often recommended as it weakens muscle 
strength by cutting the medial vastus, thus result-

ing in subluxation of the patella more often and 
blocks blood flow from the inside (Fig. 14.9).

14.4.3.3  Extensile Approach
In the case with ankylosed knee joint, there is 
always a risk of rupture of the extensor mecha-
nism on performing TKA.  If excessive force is 
applied to evert the patella or flex the knee for 
joint exposure in stiff knees, it may cause rupture 
of the patellar tendon and/or quadriceps tendon, 
or a patellar fracture. This tendency is particu-
larly common in rheumatic patients or patients 

Fig. 14.9 Location relationship between Medial trivector 
retaining arthrotomy and other approach methods. (a) 
paramedial arthrotomy, (b) trivector retaining arthrotomy, 
(c) subvastus arthrotomy
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with severe osteopenia. Since injury to the knee 
extensor mechanism can seriously deteriorate the 
function of the knee joint, it must be avoided. 
Extensile approach is indicated when there is a 
risk of damage to extension mechanism during 
capsular approach. Extensile approaches include 
rectus snip, V–Y or Z-quadricepsplasty, tibial 
tubercle osteotomy.

Rectus Snip
This technique extends the proximal incision of 
the medial parapatellar approach to the proximal 
part, and then creates a 45° oblique incision lat-
erally across the quadriceps tendon to the vastus 
lateralis. As the tibia is externally rotated and 
patella subluxated laterally, the joint is exposed 
without tension on the extensor mechanism. This 
technique has merits in that it is simple, prevents 
extensor lag and preserves the vastus medialis and 
the superior lateral genicular artery (Fig. 14.10a).

VY Quadricepsplasty, Quadriceps 
Turndown and Z-plasty
VY quadricepsplasty is a technique developed 
by Coonse and Adams that involves creating an 
inverted V-shaped incision with the proximal part 
of the quadriceps tendon as the apex and the distal 
part as the base. It allows the quadriceps tendon 
to be moved to the distal part, so it is useful for 
restoring the knee flexion movement when there 
has been contraction of the quadriceps tendon 
due to the limitation of flexion for a long time. 
While it has the advantage of securing a suffi-
cient field of view as the patella can be turned 
down, the disadvantages include that blood sup-
ply to the patella is blocked, which increases the 
frequency of avascular necrosis of the patella and 
that the weakening of the quadriceps strength or 
the extension lag is inevitable. There is modifica-
tion of the quadriceps turndown approach to pre-
serve inferior lateral genicular artery. A medial 
parapatellar arthrotomy was performed, and sec-
ond incision was made at an inclination of 45 
degrees from the apex of the quadriceps tendon 
and extended distally and laterally through the 
vastus lateralis and the upper part of the iliotibial 
tract. This lateral incision must stop short of the 
inferior lateral geniculate artery (Fig. 14.10b).

Tibia Tubercle Osteotomy
This technique is useful for patients with severe 
contracture or fibrous ankylosis. Whiteside et al. 
[65] recommended elevating about 8–10  cm 
length fragment including the tibial tuberosity 
and the anterior tibial crest with anterolateral soft 
tissue attachment. It is desirable that the bone 
fragment be approximately 8–10  cm long with 
2 cm in mediolateral (ML) width, in which the 
thickness would be about 1 cm from the anterior 
to the posterior, and the distal part be gradually 
beveled. During osteotomy, the soft tissue should 
be kept attached to the bone fragment in the lat-
eral part in order to preserve blood supply as 
possible. If there is patella baja, improvement is 
expected by relocating the tibial tuberosity to the 
proximal part when fixating the tibial tuberosity. 
The advantages include that it offers great visu-
alization, the position of the tibial tuberosity is 
adjustable, and it can be used to remove the tib-
ial prosthesis during revision surgery. However, 
the disadvantages are that there is postoperative 
anterior knee pain and that it accompanies com-
plications such as nonunion of osteotomy site, 
a fracture of the bone fragment, rupture of the 
patella tendon, or infection. It is recommended to 
use a wire for the revision TKA for less compli-
cation than to use a screw (Fig. 14.10c, d).

14.4.4  Soft Tissue Management 
Before Bone Resection

After joint exposure, the soft tissue in the knee 
joint must be properly managed to ensure a 
proper implementation of TKA such as bone 
resection and ligament balancing. Soft tissue 
management before bone resection includes 
removal of infrapatellar fat pad, resection of 
both menisci, removal of anterior cruciate liga-
ment (ACL), and preliminary medial or lateral 
soft tissue release. The first soft tissue encoun-
tered after joint exposure is the infrapatellar fat 
pad. If TKA is performed with infrapatellar fat 
pad left, it has the advantage of preserving the 
blood supply at the anterior knee joint. On the 
other hand, leaving the fat pad blocks the surgi-
cal field and interferes with the surgical process. 
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Therefore, in order to obtain an appropriate visu-
alization and prevent the fat pad impingement, it 
is inevitable to remove it to some extent and in 
particular, the anteromedial fat pad (Fig. 14.11). 
However, removing fat pad too much results in 
shortening of the patellar tendon, thereby lead-
ing to patella baja that might cause anterior 

knee pain. Preliminary medial or lateral soft 
tissue release should be performed just for the 
surgical exposure but not for full correction of 
deformity. If contacted medial or lateral soft tis-
sues release fully during surgical exposure, it 
might induce ligamentous imbalance after bone 
resection. Therefore, preliminary soft tissue 

a b

dc

Fig. 14.10 Extensile approach. (a) Rectus snip, (b) VY quadricepsplasty, (c, d) Tibia tubercle osteotomy
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release should be performed only to a certain 
extent, and after implantation, a fine adjustment 
should be done to finally balance the ligaments. 
Ligament tissues should not cut transversely, but 
are released subperiosteally in a sleeved form. 
In modern designed TKA, the anterior cruci-
ate ligament (ACL) is removed first. If CR type 
prosthesis is to be used, PCL should be carefully 
preserved. If the PCL shows a severe degenera-
tive changes or has become thin and weak, PS 
type prosthesis should be considered to use. If 
PCL is too tight, recession is still possible, but it 
is desirable to make decision whether to use CR 
type or PS type after inserting the provisional 
prosthesis. During the resection of the liga-
ment, the middle genicular artery is inevitably 
severed, therefore it is better to find the bleed-
ing site and immediately cauterize it. Since the 
medial meniscus is firmly attached to the deep 
MCL, the peripheral margin is not easily dis-
tinguishable with naked eye. For this reason, if 
it is cut too much, the MCL may be weakened, 
while if it is cut too less, the remaining menis-
cal tissue impinges with prosthesis. As for the 
lateral meniscus too, if it is cut too less, remain-
ing tissue impinges with the prosthesis, while if 
it is cut too much, the lateral inferior genicular 
artery may be injured, causing a serious loss of 
blood (Fig. 14.12). It is important to note that all 
the bleeding part should be cauterized.

14.4.5  Principles of Bone Resection 
and Prosthesis Alignment

One of the most important factors in the longev-
ity of a prosthesis in TKA is the alignment of the 
lower limb. In order to make an accurate restora-
tion of the lower limb alignment, every effort to 
improve accuracy and reproducibility by using 
specialized surgical instruments should be made. 
Furthermore, it is necessary for understanding 
normal anatomy and biomechanics of the normal 
lower limb to enhance an accurate restoration of 
the lower limb alignment.

14.4.5.1  Theoretical Basis for Lower 
Limb Alignment

Lower Limb Alignment
The lower limb alignment should be considered 
based on the coronal, sagittal, and axial plane. 
The important concepts for the coronal alignment 
include the mechanical axis and the anatomical 
axis. The mechanical axis is a line connecting 
from center of the femoral head to center of the 
talus on the lower extremity scanogram with 
patients in full weight bearing, erect position. 
Normally, this line passes through center of the 
knee. Anatomical axis is the line passing center 

Fig. 14.11 Removing method of infrapatellar fat pad. 
Catching by Kocher forceps (♦) and excise appropriate 
amount for visualization

Fig. 14.12 Lateral inferior genicular artery

14 Total Knee Arthroplasty



294

of the femoral and tibial shaft, respectively. The 
angle between the mechanical and anatomical 
axes in the femur is known to be approximately 
60° and in the two axes coincides in the tibia. The 
center of body weight in an upright position is 
located in more medial than the femoral head, 
and the angle between the mechanical axis and 
the body weight axis is known to be about 3°. The 
tibial plateau is rather varus 3° to the mechani-
cal axis, so the axis of the body weight forms a 
right angle to the tibia plateau. The axis of the 
body weight moves medially from the part where 
it forms about 3° angle form the tibia plateau, and 
this can vary depending on the length and shape 
of each person’s pelvis, femur, and tibia.

In terms of the sagittal plane, the mechanical 
axis does not bear much significance as the center 
of weight-bearing axis greatly depends on the flex-
ion angle of the ankle or knee. For this reason, 
making alignment in terms of the sagittal plane has 
not been paid much attention. The bony tibial pla-
teau is known to form a posterior inclination angle 
of about 10° in sagittal plane. The posterior incli-
nation angle of the tibia joint surface with menis-
cus is less than 10° and almost horizontal. This is 
because the posterior horn of the meniscus is 
thicker than the anterior horn, moderating the pure 
posterior inclination of the bone. The rotational 
alignment is associated with the medial and lateral 
balancing during flexion and is related to patello-
femoral alignment (Fig. 14.13).

Resection Method to Restore Lower Limb 
Alignment
There are classical and anatomical methods 
for performing bone resection in the coronal 
plane during TKA (Fig.  14.14a, b). The classi-
cal method is the most widely used method, in 
which the distal femur and the proximal tibia 
are cut perpendicular to the mechanical axis. 
As a result, the line connecting the center of the 
hip joint and the center of the ankle joint passes 
through the center of the knee joint. The classical 
method has the advantage in that it has excellent 
reproducibility. Classical method occasionally 
resulted in valgus alignment. However, valgus 
alignment should be avoided as it may cause 

gait disturbance. According to Bellemans et  al. 
[66], constitutional varus with 3 degrees or more 
was found in 22% in males and 17% in females, 
and if bone resection is performed to fit with the 
mechanical axis, patients could complain of a 
significant discomfort, though it may be helpful 
for long-term survivorship. Therefore, a minor 
varus rather fits with biomechanics, thereby 
reducing discomfort. The anatomical method was 
introduced by Hungerford et al. [67], and since 
the tibial plateau is 3° varus with respect to the 
anatomical axis, the proximal tibia is cut to be 3° 
varus to the tibial long axis, and the distal femur 
is cut 3° valgus than the mechanical axis accord-
ingly. Anatomical method has the advantage of 
cutting the proximal tibia parallel to the ground 

Fig. 14.13 Anatomical 
and mechanical 
alignment of lower 
extremities
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to maintain a physiological joint function dur-
ing gait. However, cutting 3° varus with respect 
to the tibia long axis reduces reproducibility. 
3° varus resection of the proximal tibia is often 
resulted in more varus deformity with more than 
3° and there is high risk of damage to the lateral 
collateral ligament since much of the lateral side 
of distal femur is resected with 3° valgus cut. If 
a tibial prosthesis is placed parallel to tibial pla-
teau which has 3° varus to mechanical axis, it is 
highly likely that a more load concentrate to the 
medial side and wear can progress in the medial 
side. For these reasons, this method is not widely 
used at present.

Kinematic Alignment
Kinematic alignment refers to restoring of the 
alignment between the femur, tibia, and patella to 
the state before arthritis in terms of the coronal, 
sagittal, and axial planes. 20% of patients who 
had received TKA using traditional mechani-
cal alignment methods resulted in unsatisfac-
tory outcomes. Bone resection using kinematic 
alignment reduced pain, motion limitation, and 

instability, etc. compared to bone resection with 
the mechanical method [68]. Kinematic align-
ment TKA restores the natural pre-arthritic joint 
lines of the knee by performing distal femur and 
proximal tibia cut to restore the natural angle 
and level of the joint lines, which means the tib-
ial component is aligned in natural varus. Bone 
resection based on the kinematic alignment also 
bears several problems. Without a patient specific 
templating system, the above-mentioned method 
cannot be used, and the kinematics may change 
after surgical removal of the meniscus, ACL, or 
PCL. The kinematics in unloading status differs 
from the weight-loaded state. Since, when bal-
ancing, the kinematic alignment is prioritized 
over the mechanical alignment, the mechanical 
alignment may change, resulting in negative out-
come, such as the tibial component might result 
in early failure. One other problem is that there 
is no result of long-term follow-up examination. 
Howell et  al. [68] reported that no fatal failure 
occurred in the 31-month long-term follow-up 
examination on 214 cases of surgery performed 
by the kinematic alignment method.

a b
Fig. 14.14 Resection 
method. (a) traditional 
method, (b) anatomic 
method
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14.4.5.2  Theories of Surgical 
Technique

In the early development of surgical techniques of 
TKA, there were two distinct surgical techniques. 
It is a gap balancing technique and measured 
resection technique. With the recent develop-
ment of surgical instruments and techniques, the 
two techniques have been used in combination. 
Gap balancing techniques are mainly used for PS 
type implants, and surgeons who prefer to use 
CR type implants mainly use measured resection 
techniques.

Measured Resection Technique
Measured resection technique is a method of 
resecting a bone in accordance with a predeter-
mined angle and resection amount (Fig. 14.15). 
The method traditionally used in the CR type is 
to make the amount of the proximal tibia bone 
resection be equivalent to the thickness of the 
tibial prosthesis containing the PE insert. Distal 
femoral bone resection shall be generally per-
formed to be 5–7° valgus to the anatomical axis, 
and the amount of distal femoral and posterior 

condyle bone resection shall be equivalent to the 
thickness of the prosthesis to maintain the joint 
surface. When resecting the anterior and posterior 
femoral bone, the rotation degree of the femoral 
component should be determined, and the bone 
resection should be performed in accordance with 
various anatomical indicators (transepicondylar 
axis, posterior condylar axis, anterior-posterior 
axis, tibial axis). This method has merit in that 
it is easy and convenient, but also has the draw-
back that the soft tissue may not be balanced after 
resection because the femur and the tibia bone 
resection is performed independently.

Gap Technique
This is a method of determining the amount and 
angle of bone resection according to the balance 
of the flexion and extension gap. In this method, 
the femur and tibia bone resection is performed in 
relation to each other, and although depending on 
a surgeon, the resection order may differ, many 
surgeons perform tibia resection first. In this 
method, the proximal tibia is resected first and 
then the posterior femoral condyle is resected, 
then after aligning appropriate flexion spacing, 
the distal femur is resected to maintain the gap 
of the extension as much as the gap of the flex-
ion. As an advantage, the condylar lift off may 
be reduced as it allows better balance in the liga-
ments. Another advantage is easy to obtain the 
gap balance between the flexion and extension. 
It also has the disadvantage that may occur in the 
rotational malalignment of the femoral compo-
nent when the ligament is in an unbalanced state 
due to inaccurate tibial resection or remaining 
osteophytes. Further disadvantage is that bone 
resection may be performed excessively, and in 
certain cases, mid-flexion instability may occur 
because the ligament is balanced based on 90 
degrees flexion and full extension. In addition, 
in case there is severe flexion contracture, more 
resection may occur in the distal femur, causing 
elevation of the joint line. Surgeons who prefer 
the gap technique claim that this method has 
excellent flexion stability, patella alignment, and 
reproducibility. However, it should be noted that 
the rotation degree of the femoral component 
might vary depending on the degree of ligament 

Fig. 14.15 Measured resection technique. Method of 
performing bone resection in accordance with a predeter-
mined angle and amount of resected bone

C.-W. Kim et al.



297

release and status of bone resection of the proxi-
mal tibia in coronal plane. If the proximal tibia 
is resected varus with respect to the mechanical 
axis, the femoral prosthesis will be inserted while 
being rotated internally, whereas if the proximal 
tibia is resected valgus, the femoral prosthesis 
will be inserted while being rotated externally. It 
is also affected by the condition of the collateral 
ligament. If the medial collateral ligament (MCL) 
is damaged or released, the medial flexion gap 
will be large and the femoral prosthesis will be 
inserted when being excessively rotated inter-
nally. Whereas if the lateral collateral ligament or 
the popliteus muscle is damaged and weakened, 
the lateral flexion gap will be large and the femo-
ral prosthesis will be inserted when being rotated 
externally. In order to measure an accurate gap 
between femur and tibia, various devices such as 
a spacer block or tensor device are used.

Modified Gap Technique
This is a method in which the distal femur and the 
proximal tibia are resected based on a measured 
resection technique, and the rotational alignment 
of the femur, the balance of the mediolateral lig-
ament, and the balance of the flexion-extension 
gap are performed using the gap technique. The 
distal femur and the proximal tibia are resected 
perpendicular to the mechanical axis with the 
predetermined thickness of a prosthesis. After 
removing the nearby osteophytes, then the soft 
tissue is released so that the tension of the varus 
and valgus becomes the same. At this time, mark 
the line that maintains the rectangular-shaped 
flexion and extension gap on the distal femur 
using tension devices. The rotation degree of 
the femoral bone resection area should be deter-
mined in knee 90° flexion, and after determin-
ing the anterior and posterior resection amount, 
the anterior-posterior referencing cutting guide 
should be placed on a marked line, then the resec-
tion is performed. The advantage of this modi-
fied gap technique is that it is simple because the 
balance of the soft tissue is achieved by forming 
a rectangular extension gap. After creating the 
extension gap, the flexion gap is freely deter-
mined by the rotation of the cutting guide and 
the anterior and posterior moves.

14.4.5.3  Preparation for Bone 
Resection and Fixation 
for Each Part

Since bone resection of the femur, the tibia and 
the patella is performed in relation to each other, 
it is hard to explain bone resection for each part 
separately, but in the following, surgical tech-
niques for bone resection will be explained in the 
general surgical order of the femur, the tibia, and 
the patella.

Osteophytes Resection
Osteophytes in knee OA hinder accurate bone 
resection, ligament balancing, good motion, and 
secure implant fixation. It is advisable to remove 
the osteophyte before starting bone resection 
as possible, this step provides that the size and 
shape of the actual bone is accurately found and 
it reduces possibility of inaccurate attachment of 
the cutting guide due to the bony spur. If there 
are many protruding osteophytes around and they 
become the basis for bone resection, the bone 
will be resected less than the desired amount, 
which can be an obstacle when determining the 
gap between the flexion and extension and the 
size of the prosthesis. Since the osteophytes in 
the medial tibia and femur affect the postopera-
tive pain as well as the postoperative ligament 
imbalance, it must be thoroughly removed. After 
all bone resection, the osteophytes remaining in 
the posterior part of the femoral posterior condyle 
must be removed too. The osteophytes remaining 
in the posterior femoral condyle not only cause 
pain but also can interfere with flexion by caus-
ing a collision with the PE insert. It is important 
to make sure to check if there is any remaining 
osteophytes or loose body on the  preoperative 
radiograph. It is important to make sure to check 
whether a trial implant is in close contact with 
the resection surface and whether the flexion is 
not disturbed by the posterior condyle resection 
surface that is not covered by the osteophytes or 
trial implant. If there is any area not in close con-
tact, trimming should be performed for such area 
where bone resection is insufficient by using a 
saw or rasp, and the osteophytes of the uncov-
ered posterior condyle flexion surface should be 
removed.
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Femur
The bone resection order for the femur may vary 
depending on the type of prosthesis and surgeons; 
nevertheless, the following steps shall include a 
description for bone resection in the order of the 
distal femur, anterior and posterior, and intercon-
dylar bone resection, which is the most general 
order of the PS type.

Resection of Distal Femur
The insertion position of the rod in the marrow 
cavity in order to install the cutting guide in the 
femur should be determined. The insertion posi-
tion should be within 10  mm anterior from the 
apex of intercondylar notch and slightly medial 
considering that bone resection of the distal femur 
tends to be valgus (Fig. 14.16). However, there 
may be individual differences, and in some cases, 
the insertion position is adjusted laterally if there 
is lateral bowing of the femur. When reaming, the 
reamer should naturally follow into the marrow 
cavity after piercing the cortical bone. In order 
to prevent fat embolism, the insertion position 
is sufficiently widened, but if it is too large, the 

valgus angle or the flexion- extension angle may 
become inaccurate, requiring much attention. 
It is also desirable to use a fluted-shape reamer 
as possible to prevent fat embolism and to suc-
tion and wash the marrow cavity before insert-
ing the cutting rod. Prior to inserting a femoral 
prosthesis, bleeding from the marrow cavity can 
be reduced by blocking the intramedullary guide 
hole by bone plug (Fig. 14.17a, b).

Fig. 14.16 Insertion position of cutting guide in the fem-
oral marrow cavity. If located medially, resection shall be 
varus and if located laterally, resection shall be valgus

a b

Fig. 14.17 Blocking of the guide hole in the femoral marrow cavity. (a) the autogenous bone plug harvested during 
bone resection is used, (b) put the bone block into the entry point and fix it with the impactor
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In principle, distal femoral bone resection 
should be performed which coincides with the 
mechanical axis when viewed from the coronal 
plane. Bardakos et  al. [69] reported that the 
angle between the femoral mechanical axis and 
the anatomical axis was 5.6 ± 0.5 degrees, but 
showed a wide range of 2–9° and 30–51% of 
patients were less than or more than 5–6°. They 
also claimed that the angle between the femoral 
anatomical axis and the mechanical axis is 
affected by gender, femoral neck-shaft angle 
and hip joint offset, and in male or, patients 
with small femoral neck-shaft angle and large 
hip joint offset, the femoral valgus resection 
angle should be larger. However, Kharwadkar 
et al. [70] reported that the angle between the 
femoral anatomical axis and the mechanical 
axis was 5.4  ±  0.6 degrees (range, 3.3–7.6 
degrees) and showed the range of 5.2–5.6° in 
the 95% confidence interval, therefore, it is safe 
to uniformly cut the distal femur 5–6° valgus to 
the distal femoral anatomical axis. According 
to Deakin et  al. [71], however, by comparing 
the group that received a uniformed bone resec-
tion with individual patients who received tai-
lored bone resection, it was concluded that the 
uniformed bone resection is not an appropriate 
method. There are several methods to obtain an 
ideal mechanical alignment on resecting distal 
femur, which are a method of uniformly install-
ing a cutting guide 5–6° valgus to the anatomi-
cal axis of the distal femur, a method of 
adjusting the valgus angle by predetermining 
the angle through preoperative radiographs or 
computed tomography, and a method of using a 
navigation device or robotics. In most cases, 
surgeons install a cutting guide on the rod in the 
marrow cavity 5–6° valgus, but in case the fem-
oral curvature is severe, the neck- shaft angle is 
small, or the femoral neck offset is long, the 
femoral valgus resection angle is adjusted by 
measuring the angle between the femoral ana-
tomical axis and the mechanical axis. On per-
forming distal femoral resection, it is important 
to double check whether an extramedullary rod 
passes through the medial part 2–3 inches from 
the anterior superior iliac spine to increase the 
accuracy.

The amount of bone resection of the distal 
femur should generally correspond to the thick-
ness of the distal part of a femoral prosthesis and 
is usually based on the thickness from the less 
affected femur. In order to make sure an accurate 
measurement of the bone resection amount, the 
distal cutting guide must be closely attached to 
the distal femur. Since the medial femoral con-
dyle is more prominent distally than the lateral 
femoral condyle, the distal cutting guide only 
reaches the medial condyle, while failing to reach 
the lateral condyle in many cases. However, in 
case the varus deformity and the cartilage erosion 
of the femoral medial condyle are severe, the 
guide may reach both or may contact with lateral 
femoral condyle. If there is a flexion contracture 
of 15° or more, it is necessary to increase the 
extension gap by moving the distal cutting guide 
by one scale to the proximal part to increase the 
bone resection amount a little more. However, in 
order to avoid mid-flexion instability and changes 
in the dynamics of the knee joint due to joint line 
elevation, CR type and PS type should be limited 
to within 4 mm and 8 mm changes of joint line, 
respectively. During distal bone resection, the 
medial and lateral collateral ligaments should be 
protected. After resecting the distal femur, it is 
necessary to check whether the resection surface 
is flat, and if a notch is hard and cut small, it 
could bring about a seesaw effect mediolaterally, 
resulting in decrease in the stability of the femo-
ral prosthesis; therefore, much attention should 
be paid.

Errors in distal femoral bone resection occur 
when a distal cutting guide is installed through 
rod insertion in the femoral marrow cavity and 
when bone resection is made using a saw blade. 
The femur normally has anterior bowing, the 
degree of which is affected by race, age, and bone 
density. Medial or lateral bowing of the femur 
may cause inaccurate insertion of the rod into the 
marrow cavity. It is important to be aware of vari-
ous femoral anatomical characteristics in advance 
through preoperative radiographs. According to 
Reed et  al. [72], there is a difference between 
proximal errors and distal errors when inserting a 
rod into the femoral marrow cavity. As for the 
proximal error, the wider the marrow cavity is 
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and the thinner and shorter the rod used is, the 
more difficult the central position of the rod is in 
the femoral marrow cavity, thus errors tend to 
occur more. As for the distal errors, the greater 
the distance between the femoral intercondylar 
notch and the distal femoral articular surface pas-
sage point of the femoral anatomical axis, the 
more likely it is to occur. As mentioned above, 
the ideal insertion position of the rod in the mar-
row cavity is known to be anterior, central, or 
slightly medial to the top of intercondylar notch, 
but if located laterally, it is prone to valgus bony 
resection, while if located medially, it is prone to 
varus bony resection. Since errors often occur 
during the installation of the distal femoral cut-
ting guide and during bone resection, experi-
enced surgeons use various solutions to evaluate 
lower extremities alignment without relying 
entirely on the cutting guide. Using a navigation 
device or measuring and checking the amount of 
bone resection using a caliper will also be consid-
ered a good solution to avoid errors [73].

Anteroposterior Bone Resection of Femur
If the femoral rotation is inaccurate, the patella 
tracking deteriorates, causing the inclination 
or dislocation of the patella as well as anterior 
knee pain [74]. In addition, an inaccurate rotation 
affects the flexion gap, so if sufficient or exces-
sive, it may cause wear of the PE insert, loosening 
of the prosthesis and instability of the knee joint, 
therefore, requiring much attention. The refer-
ence line of external rotation of femoral compo-
nent includes the transepicondylar axis (TEA), 
the posterior condylar axis (PCA), the anteropos-
terior (AP) axis (Whiteside’s line), and the trans-
tibial axis (Fig. 14.18). The transepicondylar axis 
is a line connecting the medial and lateral epicon-
dyle, and since it is where the medial and lateral 
collateral ligaments are attached, it is the basis 
for determining the amount of external rotation 
in that it accurately reflects the axis of flexion and 
extension movement. It is often used when there 
is valgus deformity or other anatomical indica-
tors are not in a normal shape including revision 
surgery. The lateral epicondyle is the most pro-
truding point where the lateral collateral liga-
ment is attached and can be easily palpable. On 

the other hand, the medial epicondyle, although 
protruding, is flat and covered with soft tissue, so 
it is often not easy to palpate it (Fig. 14.19a, b). 
Berger et  al. [75] classified TEA into a clinical 
TEA which connects the most protruding point 
of the lateral epicondyle and the most protrud-
ing point of the medial epicondyle to which the 
superficial MCL is attached, and a surgical TEA 
which connects the most protruding point of the 
lateral epicondyle and the sulcus to which the 
deep MCL is attached. Here, the angle between 
the clinical TEA and PCA was defined as a con-
dylar twist angle, and they reported that the angle 
was an average of 4.7° for males and 5.3° for 
females. The angle between the surgical TEA and 
the PCA was defined as the posterior condylar 
angle and the average angle was 3.5° for male 
and 0.3° for female. They also claimed that the 
surgical TEA was more accurate than the clinical 
TEA in TKA.

Based on a study that the TEA is externally 
rotated by an average of 3–4° to the PCA, the 
method of externally rotating 3° based on the 
PCA is most widely used as it is easy and simple. 
However, in the situation of hypoplasia or severely 
chondral loss of the femoral lateral condyle, the 
AP femoral cutting guide may be inserted inter-
nally rotated in this method. This phenomenon is 
common in genu valgum, and in this case, it is 
better to set the TEA or AP axis as a reference 
instead of PCA. 3° of external rotation base on the 

Fig. 14.18 The axis for rotation alignment of the femoral 
prosthesis. When other anatomical indicators are not in a 
normal shape, the surgical transepicondylar axis is the 
most preferred. TEA = transepicondylar axis
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PCA is insufficient, and especially when there is 
severe varus deformity of the knee joint or medial 
obliquity of the joint surface [76].

The AP axis is a line that extends from the 
center of the femoral intercondylar notch to the 
deepest point of the femoral trochlear groove, 
and when bone resection is performed perpen-
dicular to this axis, it usually coincides with the 
TEA. However, there are wide variations depend-
ing on each individual, and the result may come 
out inaccurate if the femoral trochlear groove is 
destroyed by the patellar femoral arthritis, if 
there are many spurs in the intercondylar notch, 
or if there is condylar dysplasia [77]. The trans-
tibial axis technique is a method of resecting the 
bone at a perpendicular angle to the long axis of 
the tibia, and it shares the same context as the gap 
technique. Transtibial axis technique is used after 
bone resection of the tibia is performed first, and 
then the flexion gap and the degree of external 
rotation of the femoral prosthesis are determined. 
Transtibial axis is useful in revision surgery, 
TKA in valgus deformity or TKA using a mobile 
bearing prosthesis.

In the step of determining the amount of 
external rotation and performing the AP femoral 
bone resection, the size of a femoral prosthesis 
should also be determined. Typically, the ante-
rior and posterior (AP) size is more important 
than the medial and lateral (ML) size, but over-
sizing of a prosthesis is not desirable. The aspect 

(ML/AP) ratio differs for each individual and 
also varies depending on the type and size of the 
prosthesis. The AP placement and flexion gap of 
a femoral prosthesis is determined using ante-
rior (AR) or posterior reference (PR) systems. 
AR system is to resect AP femoral bone based 
on anterior femoral cortex. AR system has mer-
its to prevent anterior cortical notching but has 
disadvantages such as inconsistent flexion gap. 
PR system provides a consistent flexion gap but 
sometimes produces anterior femoral notching 
or overstuffing. If the AP length of a femoral 
prosthesis is the same as the AP length of a 
patient’s femur condyle, the AP location of the 
femoral prosthesis and flexion gap will be the 
same regardless of which reference system is 
used, but a problem arises for the between size. 
In most cases, the anterior reference system is 
used, but if a mobile bearing prosthesis where 
maintenance of the flexion gap is important to 
prevent dislocation of the PE insert after sur-
gery, the posterior reference system is preferred. 
When the anterior reference system is used and 
if the size of a prosthesis is between size, CR 
type is less effective in increasing the flexion 
gap due to the retained PCL, thus it is recom-
mended to use a smaller size of prosthesis. As 
for the PS type, if the posterior cruciate liga-
ment is removed, the flexion gap gets wider than 
the extension gap, thus it is recommended to use 
a larger sized femoral component.

a b

Fig. 14.19 The medial and lateral epicondyles have dif-
ferent morphologies. (a) the medial epicondyle epicon-
dyle (♦) is covered with soft tissue and is relatively flat so 

difficult to find. (b) the lateral epicondyle (♦) is the pro-
truding and attachment site of the lateral collateral 
ligament

14 Total Knee Arthroplasty



302

Once the size and degree of external rotation 
of the femoral AP cutting guide is determined, 
bone resection is performed with the cutting 
guide being stably fixed to the distal femoral 
bone resection surface, and when performing, 
much care is required as errors in bone resection 
may occur due to differences in bone density 
and toggling of the saw blade. In general, bone 
resection is performed in the order of anterior, 
posterior, anterior chamfer, and posterior cham-
fer in order to make the bone and the cutting 
guide stably contact as many areas as possible 
during sawing. During the anterior bone resec-
tion, as the saw blade must proceed from the 
cancellous bone to the hard cortical bone, the 
cortical bone resection is likely to be inadequate 
and bone resection may be insufficient as the 
bone of the medial posterior edge is hard in the 
case of varus deformity. Due to an inadequate 
amount of bone resection in the aforementioned 
areas, the fitting of a femoral prosthesis might 
not be good, which requires much attention. 
When anterior bone resection is performed, the 
resected bony surface usually shows a bimodal 
curve with the lateral part higher and the medial 
part lower (grand piano sign), and this shape is 
also used to determine whether the bone has 
been properly resected. The amount of external 
rotation can be estimated by comparing the size 
of the posterior condyles after resection 
(Fig. 14.20). Generally, when external rotation 
is made 3° with respect to the PCA, the medial 
posterior condyle is resected 2–3 mm more than 
the lateral posterior condyle.

Intercondylar Bone Resection
It is a step necessary to create a space for the 
post-cam mechanism when using the PS type, 
and care should be taken as it affects the medial 
and lateral displacement of a femoral prosthesis. 
In order to position the femoral prosthesis in the 
center of the resected surface more accurately, 
measure the area of the distal femoral bone 
resection surface with a caliper at the height of 
the femoral TEA, and then install the intercon-
dylar cutting guide after marking the middle 
part of the measured area with a marking pen or 
electrocautery device.

Tibia
There are two proximal tibial resection methods: 
one is using the extramedullary (EM) guide, the 
other is using the intramedullary (IM) guide. The 
advantages of using the EM method are that it can 
be used even there is extra-articular deformity, 
reduces the frequency of fat embolism, and the 
proximal tibial cutting angle is adjustable in any 
side, such as the posterior slope or varus- valgus 
tilting, while the disadvantage is that it may be 
misaligned in obese patients. The IM method has 
the advantage that bone resection is relatively 
accurate in case of no bowing or offset to the 
tibial shaft but it cannot apply to extra- articular 
deformed tibia. The entry point is critical to align-
ment using IM guide. Templating to determine the 
proper entry point for the tibial guide on the tibial 
surface will minimize the risk of creating a varus 
tibial cut based on a medial entry point and a 
bowed tibia. A central entry hole often will cause 
the IM rod to impact against the tibial cortex, and 
placing the entry hole so that this does not happen 
alters the angle of the proximal guide. When using 

Fig. 14.20 Grand piano sign (♦) of the anterior bone 
resection area
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the EM method, the pinning point at the proximal 
part is not the center of the plateau, but the point 
where the mechanical axis of the tibia meets the 
plateau. Therefore, where the varus deformity 
is severe, the proximal pinning point moves lat-
erally by such amount. The tibial crest 2 inches 
above the ankle joint is a reference point at the 
distal part, and this reference point slightly moves 
medially than the center of the ankle joint. The 
center of the ankle does not exactly correspond to 
the midpoint between the malleoli but instead is 
medial to this point (5–10 mm). This is because 
the lateral malleolus of the ankle joint is larger 
than the medial malleolus. Therefore, the center 
of the ankle joint and the center of the tibial axis 
do not fit into each other (Fig. 14.21a). In some 
cases, the second toe is used as a reference, but 
since the position of the second toe changes by 
the rotation of the foot, an accurate result cannot 
be obtained with this reference.

Severe varus deformity is accompanied by the 
rotational deformity of the proximal tibia. If the 
posterior tilt angle is given without considering 
the rotational deformity, the posterior tilt angle 
cannot be obtained as much as intended or the 
tibial alignment on the coronal surface is changed. 
According to Tsukeoka et al. [78], if 10° of exter-
nal or internal rotational error occurred in the 
situation of 8 cm or more distance between bone-
cutting guide and tibia can result in more than 3° 
of axial deviation in coronal plane. Therefore, it 
is important to make an accurate placement of 
tibial cutting guide and to make the distance 
between the guide and the bone short as much as 
possible.

With respect to the axis on the sagittal plane, a 
line connecting the fibular head and the lateral 
malleolus of the ankle joint is parallel to the tibial 
axis. The recommended angle for the posterior 
slope varies depending on each prosthesis 
(Fig. 14.21b). The recommended posterior incli-
nation angle varies depending on each prosthesis, 
but typically, it is determined at between 3–7° but 
it is often performed at 0° on performing revision 
TKA. The posterior inclination of the tibial pla-
teau is closely related to the knee flexion angle. 
According to Bellemans et  al. [66], with 1° 
increase of the tibial posterior inclination angle, 
the range of flexion is also increased by 1.7°. 
Singh et al. [79] reported that in the PS type, if 
alignment in the coronal surface is well achieved, 
the maximum flexion could be obtained by creat-
ing an anatomical posterior tilt. The more knee 
flexion can be obtained by forming the posterior 
inclination angle to some extent, but excessive 
inclination angle is a risk factor that causes abra-
sion and fracture of the posterior part of PE insert. 
In particular, in the PS type, surgeon should pay 
much attention to the posterior inclination angle, 
and it has been known that when the posterior 
inclination angle is more than 7°, PE wear and 
post fracture occur more frequently.

Proximal Tibial Bone Resection
The depth of proximal tibial resection is deter-
mined such that enough bone is removed to 
accommodate the tibial component depending on 
implant type. Given the few additional millime-

a b

Fig. 14.21 Measuring of the tibial alignment. (a) center 
of the tibial axis (point A) is slightly more medial than 
center of the ankle joint (point B) in coronal plane, (b) 
tibial axis and posterior inclination angle on the sagittal 
plane
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ters of laxity produced following PCL excision, 
1  cm of proximal tibia is excised to accommo-
date at least a 10-mm tibial component when 
a cruciate substituting knee is performed. The 
10 mm of resection is typically measured using 
a stylus placed on the articular surface with the 
most residual cartilage; alternatively, the stylus 
can measure 2  mm of resection from the most 
eroded articular surface. The gap between flexion 
and extension widens or narrows depending on 
the amount of bone resection at the tibial side. If 
resection is performed too small, the gap between 
flexion and extension also is narrowed, making it 
difficult to operate, and since the thickness of PE 
becomes thin, PE wear may drastically increase. 
On the contrary, where proximal tibial bone is 
resected too much, small size of the prosthesis 
is chosen inevitably, which increases the load 
of force put on the prosthesis and decreases the 
mechanical strength of the trabecular bone result-
ing in weakened support for the prosthesis.

Determination of Size, Location, 
and Rotation
In determining the size for the tibia, it is desir-
able to have good medial-lateral coverage, but 
since the lateral plateau is about 2–3 mm smaller 
than the medial plateau, if the size is adjusted for 
the medial part, the overhang in the lateral side 
occurs. According to Martin et  al. [80], effort 
for maximum coverage tibial resection surface 
increases malrotation of tibial prosthesis, and 
such malrotations were lessened using the asym-
metrical tibial prosthesis. For deciding the tibial 
prosthesis rotation, there have been reported sev-
eral methods with anatomical reference point; 
the method based on the line connecting the most 
medial and lateral parts of the tibial plateau; the 
method based on both posterior condyles of the 
tibial plateau; the method in which a reference 
is adjusted to the line connecting the two points 
of the attachment point of PCL for the back and 
the center of the plateau for the front; the method 
based on the point of the medial 1/3 of the tib-
ial tuberosity; the method according to the line 
connecting the center of the PCL and the medial 
 border of the patella tendon as well as the TEA 
of the femur [81]. In addition, the anterior corti-

cal line can be also used as a reference for tibial 
rotational alignment. In PS type TKA, the rota-
tional alignment is determined as occurring self- 
rotation of PE liner while flexion and extension 
of the knee with the trial implant inserted (free 
floating technique). There is no established the-
ory for the axis of rotation; however, in general, 
the method of dividing the front part of the tibial 
tuberosity into 3 equal parts and using the medial 
1/3 as a reference is widely used. In summary, it 
is desirable to try various methods stated above 
and consider the transverse axis of the proximal 
tibia, flex and extend the knee. However, tibial 
prosthesis should not be fixed with internal rota-
tion state. Nicoll et  al. [82] and Barrack et  al. 
[83] said that internal rotation is closely related 
to abnormal tracking of the patella and postop-
erative pain. On the contrary, excessive exter-
nal rotation deteriorates the patella tracking and 
causes changes in kinematics between the femur 
and the tibia, which may result in a post-cam col-
lision in PS type.

Patella
It has been debated for a long time whether 
patellar resurfaced or not on implementing 
TKA. Resurfacing of the patella aims to reduce 
anterior pain and improve the patella-femur 
alignment. However, as complications from 
resurfacing of the patella increased, the number 
of surgeons performing resurfacing the patella 
gradually decreased. The basis for claiming 
patella resurfacing is that it reduces anterior knee 
pain, which increases satisfaction of patients, the 
overall function is improved, and the complica-
tions from resurfacing occur less. The basis for 
claiming patella non-resurfacing is shorter opera-
tion time, lower cost, and lower complication 
rate on the patella. In some cases, selective patel-
lar resurfacing is performed in cases of severe 
arthritis of the patellar femoral joint, RA or other 
inflammatory arthritis or crystalline diseases, 
poor alignment of the patellar femoral joint, and 
non-anatomical patella and preoperative anterior 
knee pain. Many surgeons agree that if preopera-
tive pain in the patella is more severe than men-
tioned above, resurfacing needs to be performed. 
Since the modulus of metal and cartilage is differ-
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ent, the joint surface of the patella is adjusted to 
fit the trochlea, which is called a “stress contour-
ing” phenomenon. This phenomenon progresses 
gradually, and according to Keblish et al. [84], if 
the trochlea is anatomical, much remodeling is 
not required, but if it is not anatomical, a lot of 
remodeling is required; therefore, the trochlea of 
a femoral prosthesis and the form of the patella 
are important factors in determining whether to 
perform resurfacing. Even surgeons who prefer 
patella resurfacing do not tend to perform resur-
facing for young and active patients with well- 
preserved articular cartilage or for patients whose 
patella is less than 15 mm in thickness or the bone 
stock is poor or patients with morbid obesity.

Patella Bone Resection
The purpose of patella resection is to restore 
thickness and the alignment of the patellofemoral 
joint. The amount of patella bone resection is usu-
ally 8–10 mm thickness, and it should be ensured 
that total thickness of patellar bone- prosthesis 
composite is the same or less than the patellar 
thickness before surgery. Greenfield et  al. [85] 
reported that the frequency of performing lateral 
retinacular release was reduced from 55% to 12% 
by making the postoperative thickness the same 
or less than the thickness before surgery. Gerber 
et al. [86] reported that the thickness after surgery 
should not be thicker than before to reduce the 
frequency of the patellar tilt. If resurfaced patella 
is too thick, the pressure applied to the patella 
increases, causing anterior knee pain, premature 
wear, and loosening. Moreover, as the align-
ment between the patella and femur becomes 
unbalanced, ROM may decrease. According 

to Abolghasemian et  al. [87], as the thickness 
of the patella increases, the joint movement 
drastically decreases. However, if it is too thin, 
although the alignment may become better, the 
strength of the quadriceps weakens and extensor 
disruption is easily caused, which brings about 
complications such as patella fracture. For this 
reason, many surgeons recommended that after 
the patella resection, the thickness of remaining 
bone should be at least 12 mm. Since the lateral 
part is thinner than the medial part, if the lateral 
and medial part is cut to the same thickness, it is 
resected asymmetrically. The medial part should 
be resected more to make the balance between 
medial and lateral part of patella (Fig.  14.22). 
Yao et al. [88] reported that the patella tracking 
becomes more appropriate if it is cut obliquely 
so that the medial part becomes thicker as in the 
shape of the patella.

Selection of Position and Size
Since the vertical ridge is located in the medial 
part, it is important to place a patellar prosthesis 
slightly medial to the center. However, Anglin 
et  al. [89] reported that a patellar prosthesis 
should not be placed more than 2.5  mm to the 
medial part, this is because if it is positioned too 
medial, the lateral patella is exposed too much, 
thereby causing pain due to collision with the 
femur. In an anatomical shape of patella pros-
thesis, as the asymmetry is already reflected in 
a prosthesis, even if it is placed in the center, 
the ridge will be located in the medial part as 
is in the normal anatomy. If TKA is performed, 
about 50% experience patella baja. Patella baja 
increases compressive force on the patella-

a

b

c

Fig. 14.22 Patella bone 
resection. (a) 
appropriate thickness of 
patella osteotomy, (b) if 
the medial and lateral 
side are cut to the same 
thickness, asymmetrical 
thickness may occur. (c) 
thickness of medial and 
lateral facet becomes 
symmetric by cutting 
medial side more
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femur joint during initial flexion and decreases 
ROM.  On the contrary, patella alta may cause 
instability of the patella. Therefore, it is desir-
able to place the patella prosthesis in the middle 
or slightly proximal site of the resected patella 
surface. If the patellar prosthesis is too large, it 
may cause the patella-femur impingement, while 
if it is too small, the stress put on the prosthesis 
increases as well as the lateral bone of the patella 
due to medially placed prosthesis is excessively 
exposed. In case the patellar prosthesis is oval- 
shaped or in an anatomical form, wrong placing 
of the patella worsens the patella tracking, thus, 
the rotation alignment must be adjusted. The axis 
of rotation is considered fit if the long axis of the 
patella is parallel to the femoral prosthesis. If the 
patella is not resurfaced, patelloplasty is recom-
mended. This is a procedure that makes the shape 
of the patella and joint surface as normal as pos-
sible. In this procedure, osteophytes are removed, 
the joint surface is smoothened and the patellar 
rim is sometimes cauterized to block nerves.

14.4.6  Balancing

Knee function after TKA is closely related 
with ligamentous balancing. Knee ROM can be 
restricted by excessive collateral or PCL tension, 
and excessive laxity may lead to clinically unac-
ceptable instability. Unbalanced TKA causes 
unexplained pain, recurrent joint effusion, and 
gait disturbance in the early postoperative period. 
Furthermore, it induces PE wear and implant 
loosening in the long term. Therefore, soft tis-
sue balancing is essential to providing a stable, 
functional joint after TKA.  Before release of 
any tightened soft tissue structure, all peripheral 
osteophytes should be removed from the femur 
and tibia. The removal of osteophytes alone may 
be enough to balance existing coronal or sagit-
tal plane deformities. After bone preparation is 
completed, the flexion-extension or medial-lat-
eral gaps should be evaluated for symmetry for 
equal height in flexion and extension or medial-
lateral side. Basic principle for good balancing 
on performing TKA is to obtain a rectangular 
medial- lateral gap and an equal extension-flexion 

gap. However, this principle is difficult to real-
ize in real clinical practice. In general, 1–2 mm 
of balanced varus-valgus motion in the prosthetic 
knee is a reasonable goal. Regardless of the type 
of deformity being corrected, stability should be 
checked after each stage of soft tissue release 
because over-release can lead to excessive coro-
nal plane instability and require conversion to a 
constrained prosthesis. Ligamentous balancing 
in performing TKA with specific types of severe 
deformity will be described in the later section, 
and in this section, general principles regard-
ing the ligamentous balancing in TKA will be 
described. Balancing procedures on performing 
TKA should be implemented in sagittal plane, 
coronal plane, and patella-femoral joint.

14.4.6.1  Extension-Flexion Gap 
Balancing

Factors affecting extension-flexion gap imbalance 
is the amount of distal femoral bone resection, 
AP size of a femoral prosthesis, PCL, and pos-
terior joint capsule, etc. Depth of distal femoral 
bone resection relates to the extension gap. When 
extension gap is narrower than flexion gap, it can 
be solved with a more resection of distal femur 
bone or posterior capsular release or using larger 
size of femoral component that decreases flexion 
gap. Although bone resection of distal femur is a 
powerful solution for increasing extension gap, 
additional bone resection of 4 mm in the distal 
femur only increased the extension joint gap by 
a mean of 2 mm [90]. Excessive bone resection 
of distal femur has several disadvantages, such 
as joint line elevation, patella baja, and mid-
flexion instability. Therefore, more than 4  mm 
resection from initial bone-cutting level in the 
distal femur is not recommended. Posterior cap-
sular release is helpful for increasing extension 
gap (Fig. 14.23). Mitsuyasu et al. [91] reported 
that the extension gap increased by 2–3  mm 
with osteophyte removal and release of the deep 
medial collateral ligament or posteromedial cap-
sule. However, where the flexion gap is slightly 
wider, it shows rather better flexion movement. 
Ismailidis et  al. [92] reported that a controlled 
flexion gap increase of 2.5 mm may have a posi-
tive effect on postoperative flexion and patient 
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satisfaction after TKA. This is because the flex-
ion gap narrows when the patella is located in a 
right place during the flexion gap test. Gejo et al. 
[93] reported that with the patella reduced, when 
the knee is bent 90 degrees, the flexion gap is 
reduced by 1.9 mm, and when the knee is bent 
135 degrees, the gap is reduced by 5.5 mm.

When extension gap is wider than flexion gap, 
it can be solved with a less resection of distal 
femur bone or using a smaller size of femoral 
component or resection of PCL. However, if the 
distal femur is resected less, there is a risk such as 
patella alta or patellofemoral instability. If a 
smaller size of femoral component is used, a pos-
terior condylar offset can be decreased, which 
might affect adversely in knee flexion motion. 
Mihalko et  al. [94] reported that when PCL in 
cadaveric knees is removed, flexion gap at 90° 
flexion increased to 5.26 mm at rest and 6.4 mm 
under tension. Kayani et  al. [95] reported that 
PCL resection in OA patients undergoing TKA 

increased the flexion gap in the medial (2.4 mm) 
and lateral (3.3 mm) compartments. Thus, PCL 
resection increased the flexion gap and useful 
solution for increasing gap. If CR type prosthesis 
is used, it needs a different approach. In the CR 
type, tight flexion gap can be solved by recession 
of the PCL. However, excessive recession is not 
recommended due to its low reproducibility and 
late flexion instability. Scott et al. [96] proposed 
the POLO (pull-out, lift off) test to determining 
the flexion gap in the CR type. According to 
POLO test, a good flexion gap should be that 
after inserting the trial prosthesis, with the knee 
bent 80–100 degrees, PE liner should not be 
pulled out or lifted off (Fig. 14.24).

However, a more bone resection of the tibia or 
change of PE thickness should be avoided in case 
of an imbalance between the extension and flex-
ion gap because it effects on both the extension 
and flexion gap. Despite these measures, if there 
still remains instability due to imbalance, a con-
strained prosthesis should be used.

Fig. 14.23 Releasing posterior joint capsule for widen-
ing extension gap. Should be careful with posterior neuro-
vascular injury

Fig. 14.24 In case the flexion gap is narrow, the front 
part of PE insert is lifted off
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14.4.6.2  Medial-Lateral Balancing
Goal for ligament balancing in TKA is to obtain 
a rectangular space in coronal plane and an equal 
extension-flexion gap in sagittal plane. The main 
principle of equal gap is that when the leg is 
pulled in extension and flexion position after bone 
resection, the medial-lateral gap of the knee joint 
should be the same so that it does not form a trap-
ezoid but a rectangular (Fig. 14.25). However, this 
goal hardly realizes in surgical theater. A perfect 
soft tissue balance is not always obtained during 
TKA because it can be obtained just in 7.7% of 
the knee undergoing TKAs [97]. Obsession for 
perfect soft tissue balance might lead to the cata-
strophic results. Over-release of contracted soft 
tissue can cause iatrogenic ligamentous rupture, 
increasing operation time that might relate to 
increase risk of infection. Therefore, understand-
ing the medial-lateral ligament balance in normal 
knees helps to obtain stable ligament balance on 
performing TKA.  Markolf et  al. [98] reported 
that varus- valgus laxity was increased with knee 
flexion in normal cadaveric knees, which was 2 

degrees in extension and 8 degrees in full flex-
ion. Moreover, normal knee tends to be slightly 
more lax laterally than medially, especially in 
flexion. Tokuhara et al. [99] investigated to assess 
varus and valgus joint laxity of the normal liv-
ing knee in 90 degrees flexion using MRI. Their 
result showed that the lateral joint gap opened by 
6.7 ± 1.9 mm with varus stress whereas the medial 
joint gap opened by a mean of 2.1 ± 1.1 mm with 
valgus stress. They concluded that the tibiofemo-
ral flexion gap in the normal knee is not rectan-
gular and that the lateral joint gap is significantly 
lax. Even if a complete medial-lateral balance is 
not obtained, it does not affect clinical outcomes 
after TKA, but rather, clinical outcomes are bet-
ter if there is some degrees of lateral laxity at the 
knee flexion position [100]. Okazaki et al. [101] 
reported that the widening of the lateral part is 
better than the widening of the medial part, which 
is caused by a compensatory mechanism by the 
dynamic stability of the long ligament. Although 
lateral laxity has good clinical results, it is con-
troversial as to how much lateral laxity will be 
allowed. Matsuda et  al. [102] allowed a lateral 
laxity of less than 2 degrees, Kuster et al. [103] 
allowed 4 degrees in knee flexion of 30 degrees, 
and Yoshihara et al. [104] allowed a lateral laxity 
of less than 5 degrees in knee extension and flex-
ion of 90 degrees.

14.4.6.3  Methods of Balancing

Medial Release
When correcting the varus deformity of knee, 
anatomic structures contributing to the defor-
mity and the function of each structure accord-
ing to the extension and flexion position of the 
joint should be understood. In other words, very 
careful not to cause valgus instability. Soft tis-
sue structures contributing to varus deformity 
of the knee joint are superficial and deep MCL, 
pes anserinus, semimembranosus tendon, pos-
teromedial joint capsule, and posterior oblique 
ligament. These structures play a different role 
in contributing to medial stability depending on 
the extension and flexion of the knee. Release 
of semimembranosus tendon and posteromedial 
capsule increases the medial laxity in extended 

Fig. 14.25 By insufficient medial release, the medial 
side is tight and the lateral side is loose
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position of the knee joint. Superficial MCL 
release is the most effective method for the cor-
rection of varus deformity in both extension and 
flexion. According to Whiteside [105], selec-
tive release of the superficial MCL can be use-
ful when correcting the varus deformity. Medial 
tightness in flexion can help with correction by 
removing the anterior part of the superficial MCL 
whereas medial tightness in extension might help 
with release of posterior part of superficial MCL 
including posteromedial capsule and posterior 
oblique ligament. Medial soft tissue should be 
subperiosteally released from medial metaphysis 
of proximal tibia in a sleeve fashion. If soft tissue 
is subperiosteally released in a sleeve fashion, it 
will be healed into thick connective tissue, which 
will not interfere with function, but transverse 
cut of soft tissue structure will cause significant 
instability, so transverse cut should be avoided. 
The extent of medial soft tissue release generally 
depends on the degree of balance with the lat-
eral structure, and during surgery, reevaluation of 
deformity correction should be performed at each 
stage of soft tissue release to avoid creating unde-
sired instability due to over-release. However, 
if the superficial MCL released incompletely, 
the medial part becomes too tight, which may 
restrict movement or rather cause lateral instabil-
ity. Although there is concern about medial insta-
bility after complete release of superficial MCL, 
if the superficial MCL is completely released 
from proximal tibia according to the rule such as 
a subperiosteal sleeve fashion, medial instability 
would not occur.

When correcting severe varus deformity, com-
plete release of the medial soft tissue structures, 
including the superficial MCL, may be necessary, 
which may cause problems such as medial insta-
bility in knee flexion. There are several surgical 
techniques to avoid this. If CR type prosthesis is 
used in severe varus deformity, PCL itself inhib-
its deformity correction. In this case, conversion 
CR type to PS type prosthesis is helpful for 
deformity correction. Verdonk et  al. [106] pro-
posed that MCL could be extended by approxi-
mately 6–8 mm with puncturing using a knife No 
11 several times. This method has the advantage 
of selectively releasing the medial soft tissue. 

However, using a knife can cause the MCL to cut 
transversely, so another modification method is 
to use large bore needle such as 18G to make 
multiple punctures. Dixon et al. [107] proposed 
surgical technique called “shift & resect” as an 
alternative to medial release. This is a method of 
further resecting the medial side of tibial condyle 
and placing a little smaller tibial prosthesis on the 
lateral side of tibial plateau (Fig. 14.26a, b). This 
technique is useful for above 20 degrees varus 

a

b

Fig. 14.26 Shift and resection method by Dixon. (a) 
tibial prosthesis moved laterally (b) amount of bone 
resected on the medial plateau
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deformed knees. Engh [108] introduced medial 
epicondylar osteotomy rather than performing 
complete release of the MCL. This is a method of 
detaching the medial epicondyle attached with 
the collateral ligament, of which detached bony 
fragment leave alone or fix with screws or suture. 
It has the advantage of not damaging to the soft 
tissue. It can be used for ankylosing joints, revi-
sion TKA, or extreme varus deformity.

Lateral Release
Valgus deformity of the knee is usually associ-
ated with lateral soft tissue contracture. The lat-
eral soft tissue structures contributing to valgus 
deformity include the lateral collateral ligament, 
popliteus tendon, posterolateral capsule, iliotibial 
band, posterior joint capsule, biceps femoris, and 
lateral gastrocnemius tendon. When correcting the 
valgus deformity with lateral soft tissue release, it 
is necessary to distinguish between the structures 
involved in the extension and flexion of the knee 
joint. The iliotibial band and posterior joint cap-
sule are responsible for stabilizing the lateral side 
in full extension state. The lateral collateral liga-
ment is an effective lateral stabilizer in range of 
0–90° flexion, and in the absence of this ligament, 
the popliteus tendon and posterolateral capsule 
play a role. In particular, the popliteus tendon con-
tributes mainly to the lateral stability in knee flex-
ion state, and the posterolateral capsule contributes 
to the lateral stability in near extension state.

Whiteside et al. [109] reported that lateral col-
lateral ligament and popliteus tendon should be 
released when lateral structures are tense in both 
extension and flexion or only in flexion, and ilio-
tibial band and posterior capsule should be 
released when lateral structures are tight in exten-
sion. When performing the valgus deformity cor-
rection, the joint capsule should be released at the 
tibial attachment and the iliotibial band be 
released at the Gerdy’s tubercle. Clarke et  al. 
[110] introduced pie-crusting techniques, in 
which, after inserting lamina spreader between 
joint space, multiple perforation or stabbing inci-
sion using No 11 blade was performed on the 
iliotibial band, lateral collateral ligament, and 
posterolateral joint capsule. Krackow et al. [111] 
reported that in some exceptional cases where a 

deformity cannot be corrected only by release, 
advancement can be done on the loose ligaments 
on the medial side. They proposed a new fixation 
method for advancement. Engh [108] introduced 
lateral epicondylar osteotomy with detaching the 
lateral epicondyle attached with the lateral col-
lateral ligament and popliteus tendon for correc-
tion of severe valgus deformity. If balancing 
cannot be achieved with these methods, con-
strained prosthesis should be used.

14.4.6.4  Balance of Patellofemoral 
Joint

The balance of the patellofemoral joint is closely 
related to function, pain, and long-term survival of 
the prosthesis. There are several factors affecting 
patellofemoral malalignment, which are patient 
related, implant design related, and surgical tech-
nique-related factors. As for patient’s related fac-
tors, condylar dysplasia of distal femur, valgus or 
rotational deformity of the knee joint, or tilting 
or dislocation of the patella are closely related to 
the patellofemoral malalignment after TKA.  If 
the preoperative patellofemoral tracking is not 
good, the postoperative tracking is also bad [86, 
112]. As for implant design related factors, the 
depth and shape of the trochlea of a femoral pros-
thesis and design of a patellar prosthesis should 
be considered. Recently, the patellar groove of a 
femoral prosthesis has been changed to be later-
ally tilted, deepened and the height of the lateral 
ridge was increased, and the direction of the track 
in which it descends slightly diagonally along the 
direction of the movement of the patella has also 
been changed. As for surgical technique-related 
factors, subvastus, midvastus, and medial-trivec-
tor retaining approach and release of the lateral 
patellofemoral ligament are beneficial for patel-
lofemoral alignment. The size, rotation, and 
position of a prosthesis are also important. If a 
femoral component is oversized, lateral reti-
naculum is tensed and patellofemoral malalign-
ment occur. Improper rotational alignment of the 
femur and the tibia may lead to malalignment of 
the patellofemoral joint. It is better to perform 
external rotation of both the femur and the tibia 
but excessive external rotation should be avoided 
because it accelerates PE wear and accompanies 
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postoperative toe-in gait. The position of a pros-
thesis is also closely related to the patellofemoral 
alignment. It is better to place a femoral prosthe-
sis to the center area or the lateral side of distal 
femoral cutting surface as possible. A tibial pros-
thesis should be placed on the lateral side of the 
tibial bone-cutting surface for better alignment. 
On the contrary, a patellar prosthesis should be 
placed to the medial side of patella bone-cutting 
surface. Use of thicker patella prosthesis than 
resected bone thickness might cause patellofem-
oral malalignment.

The patellofemoral alignment should be 
assessed intraoperatively after implant insertion 
and must be evaluated after tourniquet release. 
The evaluation methods are no thumb technique, 
towel clip technique, and one stitch technique. 
No thumb technique and towel clip technique are 
commonly used (Fig. 14.27).

The no thumb technique is a method of exam-
ining the patellofemoral tracking without apply-
ing any external force to the patella when the 
knee is bend after implant insertion. However, 
there is a concern that the incidence of lateral 
retinacular release may be increased because no 
thumb technique induces frequently overdiagno-
sis of the patella maltracking. The towel clip 
technique is a method in which the towel clip 
holds the incised quadriceps tendon at 8  cm 
above the patella, and then the patellofemoral 
tracking is evaluated with bending the knee to 
60–90 degrees. Towel clip technique reduces the 

incidence of unnecessary lateral retinacular 
release because it can more strictly determine the 
patellofemoral maltracking. If the patella mal-
tracking is found after implant insertion, the 
cause should be found and corrected. The lateral 
retinacular release is widely used for correction 
of patellofemoral maltracking. Care should be 
taken when attempting lateral retinacular release 
to avoid damaging the vessels supplying to the 
patella, such as superior lateral genicular artery. 
If blood vessels are damaged, postoperative 
hematoma occurs, causing persistent swelling 
and wound healing problems. In severe cases, the 
patella may be accompanied by complications 
such as avascular necrosis or fractures. Instead of 
lateral retinacular release, the lateral patellofem-
oral ligament can be released. When releasing, 
the thick lateral patellofemoral ligament in the 
middle part must be completely cut.

14.4.7  Implant Fixation

Implants using TKA can be fixed with cement-
less or cemented method. The advantages of 
cementless fixation are bone stock preservation, 
cement debris protection, and the potential to 
achieve biologic fixation. The disadvantages of 
cementless fixation are expensive, limitation of 
use in osteoporotic bone, and delayed weight 
bearing. The advantages of cemented fixation are 
it provides firm fixation regardless of bone qual-
ity, early return to activity of daily life, reduces 
bleeding and acceptance of slightly inaccurate 
bone resection. The disadvantages of cemented 
fixation are late breakdown between bone and 
cement interface, cement debris induced inflam-
mation. The use of cement in TKAs has been 
associated with excellent clinical outcomes 
and low rates of aseptic loosening at long-term 
follow- up, and it is the gold standard method of 
fixation in TKA.

The cementing techniques in TKA catego-
rized into three groups such as preparation of the 
bone surface, cement choice and mixing, and 
cement implantation. During the preparation of 
the bone surface, washing or cleaning the entire 
bone surface using devices, such as pulsatile 

Fig. 14.27 Check-up the patella tracking with towel clip 
technique
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lavage will remove loose cancellous bone debris, 
blood, fat, and marrow, which allow uniform 
penetration of bone cement into the bone, there-
fore resulting in a stronger micro-interlock at the 
cement–bone interface. All bone surfaces should 
be clean and dry prior to applying the cement. In 
addition, cement contaminating with blood 
should be avoided because it reduces the mechan-
ical strength of the cement. In areas of sclerotic 
bone, making multiple drilling holes is helpful 
for creating a greater degree of cement interdigi-
tation. When choosing a type of cement, consider 
the characteristics of cement, such as viscosity, 
hardening time, etc. The selected cement can be 
mixed in room air or mixed under vacuum, but 
vacuum mixing is preferred. The thickness of the 
cement mantle should be considered for cement 
implantation because better cement penetration 
increases the tensile and shear strength of the 
cement–bone interface. If the cement mantle 
beneath the tibial baseplate was increased to 
3 mm, excellent stability of the implant was seen 
regardless of whether the tibial stem was 
cemented or not [113]. However, deep penetra-
tion of cement more than 5 mm provokes thermal 
injury to the cancellous bone [114]. Therefore, a 
penetration depth between 3 and 5 mm seems to 
be ideal [115]. When applying cement, there is a 
debate about whether cement application to bone 
surface or prosthesis or both is better. Vanlommel 
et al. [116] reported that applying cement to both 
the prosthesis and bone, whether the cement 
applied to the bone with a finger or spatula, leads 
to an optimal cement penetration of 3–5 mm. As 
for cementing the femoral component, the tech-
nique which included cement application onto 
the anterior and distal bone surfaces, as well as 
the posterior flanges of the prosthesis, is superior 
to the other techniques [117].

14.5  Arthroplasty in Special Cases

14.5.1  Total Knee Arthroplasty 
in Bone Defect

The causes of bone defects in primary TKA are 
very various including angular deformity due to 
severe arthritis, hypoplastic condyle, osteone-

crosis, trauma, etc. The treatment of bone defect 
depends on the location and size of the bone 
defect. Bone defects on the medial or posterior 
medial side of the tibia are common in varus 
deformity, whereas it may be defective in the dis-
tal part and posterior part of lateral femoral con-
dyle in the case of valgus deformity. Management 
methods for bone defect are cementing, autolo-
gous bone graft, allograft, modular metal block, 
trabecular metal augmentation, etc. If there is a 
bone defect, an accurate evaluation and treatment 
plan for the defect area should be established, 
and the advantages and disadvantages of each 
technique should be identified to select an appro-
priate treatment method. Bone defects can be 
evaluated with a simple radiograph. Severe and 
complicated bone defects should be evaluated 
with CT. Final decision for bone defect manage-
ment in the primary TKA should be made after 
standard bone resection. Bone defect classifica-
tion is based on location, size, and shape. Most 
classification methods classify into a contained 
defect, in which the defect is surrounded by corti-
cal bone, or a non-contained defect, in which the 
cortical bone surrounding the defect is not pres-
ent (Fig. 14.28a, b).

14.5.1.1  Bone Cement
When there is a bone defect of less than 5 mm 
in elderly patients, bone cement is recommended 
regardless of the type of bone defect. Cement has 
the advantage that it can easily fill as shape of the 
bone defect and is inexpensive, but its modulus of 
elasticity is smaller than that of cortical bone, so 
it is difficult to use when there is a large defect or 
a segmental defect as its function fails in presence 
of shearing force. Brooks et al. [118] showed poor 
results when axial load was applied to the tibia 
with peripheral defect filled with cement. When 
used cement volume was large, bone necrosis 
caused by thermal injury due to cement, and pro-
gressive radiolucent line under the cement, poor 
clinical results could be expected. Furthermore, 
cementation of bone defects is not recommended 
for young and active patients because they are 
mechanically vulnerable. Therefore, the use of 
cement for bone defects is recommended for 
elderly patients with low activity. The use of 
cement alone or cement with metal screws for 
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bone defects shows relatively favorable clinical 
results (Fig. 14.29a, b, c). Ritter et al. [119] con-
ducted a retrospective study for evaluation of the 
clinical results of using cement alone or cement 
with metal screw for tibial defects in primary 
TKA and found a non- progressive radiolucent 
line in 27% of patients. However, there was no 
evidence of implant loosening or cement failure 
and it gave good clinical outcomes.

After initial bone resection, the size and loca-
tion of bone defect is evaluated, the sclerotic 
bone is removed using a burr, etc., and multiple 
drillings are made for facilitating interdigitation 
of the cement. In the case of using a cancellous 
bone screw, after inserting the screw, check if the 
screw head does not impinge the prosthesis, and 
then apply cement when the cement is in doughy 
state.

a b
Fig. 14.28 Two types 
of bone defect. (a) 
contained defect has 
intact rim of cortical 
bone, (b) non-contained 
defect has a defect in the 
bony cortical rim

a b c

Fig. 14.29 Bone cement with metal screws for bone 
defect site. (a) the load is supported with screws and 
cement is filled, (b) care should be taken to ensure that the 

screw head does not irritate the prosthesis, (c) screw head 
should not interfere with the implant placement
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14.5.1.2  Bone Graft
Bone grafts are recommended in young and 
active patients, and Dorr et al. [120] argued that 
bone grafts could be applied to defects of more 
than 5 mm in depth and 50% of the surface of 
one compartment. When performing bone graft, 
autogenous bone or allogeneic bone as the form 
of a structural bone or a morselized chip bone 
can be used. In the case of autologous bone 
graft, the amount of available autogenous bone 
is limited, but it is the best material to fill the 
defect. Autogenous bones are more easily fused 
than allogeneic bones and are effective in heal-
ing process. The sclerotic bone of the defect base 
is resected, exposing the cancellous bone, and is 
filled with chip or block bone. After that, the trial 
component is placed to check whether the bone 
graft fixation is not affected by the stem or keel 
of tibial prosthesis. The cancellous bones must 
adjoin well, and for secure fixation, the cement 
should not be caught between the graft bone and 
the host bone. Yoon et al. [121] reported a clinical 
results of bone defect management using autog-
enous bone in primary TKA. They showed good 
clinical results and autogenous bone union within 
1 year after surgery in 96% of patients. In the case 
of allogeneic bone, it has the advantage of being 
able to obtain as much as it is necessary, thereby 
it can be used for contained or segmental defects 
with large defects. However, as it only has bone 
conduction without any bone induction, a longer 
incorporation period is required, and the bone 
union is inferior to autogenous bone. In addition, 
it is vulnerable to infection, and if it is too large, 

allogeneic bones are not incorporated into host 
bones, but only serve as space filler, increasing 
the possibility of fatigue fractures over a long 
period. Wang et  al. [122] reported that bone 
graft using the allogenic femoral head in revi-
sion TKA showed good results in the mid- term 
follow-up without collapse, nonunion, infection, 
and dissociation of the prosthesis. Samuelson 
[123] reported that there was no clinical failure 
after using morselized cancellous chip bone in 22 
patients with revision TKA.

14.5.1.3  Metal Augmentation
The advantage of metal augmentation is easy, 
convenient, and can avoid bone graft related 
complications such as nonunion, revasculariza-
tion, and collapse. Modular metal augmentation 
can be used in wedge or block type. As for the 
wedge type, the advantage is that more bones can 
be preserved, but there is a disadvantage that the 
contact surface is oblique, making it more prone 
to shear force instead of compression force and 
increasing risk of implant loosening. To over-
come this shortcoming, an extension stem is 
sometimes used. As for the block type, there is a 
disadvantage in that it requires more bone resec-
tion than the wedge type, but the block type has 
the advantage that it is easier to operate and is 
mechanically more stable than the wedge type. 
When the cavitary defect is severe, the defect 
is augmented using a metal trabecular system 
(Fig. 14.30). The metal trabecular system has a 
porosity of about 80%, has strong fixation as it is 
fixed to the host bone by press fit, and allows bio-

Fig. 14.30 Various 
shape of trabecular 
metal augments can be 
used according to the 
shape of the cavitary 
defect
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logically appropriate fixation as bone ingrowth 
into the prosthesis is facilitated. There are several 
types of metal trabecular system to fit the defect. 
Disadvantage of metal trabecular system is that 
the contact surface must be accurately aligned, 
so it takes time to process the host bone, and 
the technique itself is difficult. However, it can 
reduce the risk of infection, and bone resorption 
does not occur, so it is used for bone augmen-
tation when accompanied by a large cavitary or 
segmental defect.

14.5.1.4  Stem
If massive bone graft or large, prefabricated metal 
augmentations are needed, it is recommended 
to use an intramedullary stem that bypasses the 
defect. If massive bone graft or large, prefabri-
cated metal augmentations are needed, it is rec-
ommended to use an intramedullary stem that 
bypasses the defect. There are two methods for 
stem usage, press-fit fixation or cemented fixa-
tion, and its usage is determined by considering 
the effect of the stem on the implant and limb 
alignment, as well as the bone quality and degree 
of bone loss at the metaphysis. In general, cement 
is used around the proximal part of the stem and 
stem-prosthesis, but the stem itself is fixed with 
a press-fit concept. However, the press-fit stem is 
not suitable for use in cases with osteopenia or 
severe metaphyseal deformity and in cases where 
the stem causes incorrect alignment or incorrect 
positioning of the prosthesis.

14.5.2  Deformity

14.5.2.1  Total Knee Arthroplasty 
in Flexion Contracture

A flexion contracture occurs due to various 
causes such as contracture of ligament and joint 
capsule, large osteophytes and bone defects. In 
the arthritis, when movement is reduced due to 
synovitis, joint swelling, and pain, the posterior 
joint capsule shows adhesion and turns into a scar 
tissue, and secondarily causes contracture of cru-
ciate ligaments and muscles. In addition, osteo-
phytes cause contracture as mechanical block 
(Fig.  14.31). When the posterior osteophyte 

develops, it does not only limit flexion, but also 
extension as joint capsule is captured posteriorly. 
If the knee joint continues to bear weight in flex-
ion contracture position, the load is concentrated 
in the posterior part of the femoral condyle and 
the shape of posterior condyle is flattened. As 
a result, a collision occurs between the femoral 
intercondylar notch and the tibial intercondy-
lar ridge, acting as a mechanical obstacle in the 
extension process. If there is flexion contracture 
and disability in extension, gait becomes diffi-
cult. Murphy et al. [124] reported that in patients 
who underwent TKA, if there was a flexion con-
tracture of 20 degrees or more, the energy con-
sumption during walking significantly increased.

The degree of flexion contracture should be 
classified based on physical and radiographic 
examination before surgery. There are disagree-
ments in the classification based on the degree of 
flexion contracture, but generally it can be classi-
fied into 15 degrees or less (first stage, mild), 
15–30 degrees (second stage, moderate), and 30 
degrees or more (third stage, severe). The preop-
erative evaluation of the flexion contracture angle 
should be performed under anesthesia as ROM 

Fig. 14.31 Lateral knee X-ray shows multiple osteo-
phytes. Posterior osteophytes lead to flexion contracture
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may be less than actual due to pain in an outpa-
tient visit. In addition, plain radiographs should 
be taken to check the size and location of the 
osteophyte and bone defects and malalignment of 
both legs.

Contracture commonly occurs in soft tissue at 
the back of the joint, causing a narrow extension 
gap. First, the osteophytes should be thoroughly 
removed, and the extension gap should be wid-
ened with soft tissue release in the posterior com-
partment. Since most of the flexion contractures 
are complex contracture accompanied by valgus- 
varus deformity, there is a possibility that the 
flexion contracture is corrected by correcting the 
valgus-varus deformity. It is better not to give the 
posterior inclination angle of the tibia if possible 
on tibial bone resection. Both anterior and poste-
rior osteophytes can occur, and the anterior 
osteophytes in the intercondylar notch interfere 
with extension by causing collisions to adjacent 
bones, whereas posterior osteophytes accompany 
commonly with varus deformities and generally 
develop in the medial side.

Mild flexion contracture can be resolved only 
with removal of the osteophytes and conventional 
bone resection. In the case of the anterior osteo-
phyte, it is easily removed from the anterior side, 
and the posterior osteophyte removed in posterior 
femoral bone resection not covered by the femo-
ral components using curved osteotome after 
resecting femoral. In the case of moderate flexion 
contracture, as with mild cases, removal of the 
osteophytes and conventional bone resection is 
performed. If the extension is insufficient despite 
the foregoing procedure, the posterior joint 
 capsule and origin of the gastrocnemius are 
released. If the flexion contracture persists after 
the release, additional bone resection is per-
formed, considering that 15 degrees of flexion 
contracture is recovered for every 2 mm of distal 
femur resection. However, bone resection of 
6  mm or more is not recommended because it 
causes damage to the attachment point of the col-
lateral ligament, as well as increases the elevation 
of the joint line, which seriously affects the bio-
mechanics of the knee joint. It is necessary to use 
a more constrained prosthesis such as PS type or 

VVC (CCK) type for such severe flexion 
contracture.

When there is a severe contracture of more 
than 30 degrees, both soft tissue release and bone 
resection are required, but still the goal is often 
not achieved. In such case, both normal joint 
mechanics and full extension of the knee cannot 
be achieved, so it is necessary to sacrifice one of 
them to some extent. Usually it is preferable to 
make the knee fully extendable although at 
expense of joint mechanics. To achieve such 
goal, restraint type prosthesis might be generally 
required and surgery can be performed as one- 
stage surgery or staged operation. If performed at 
one stage, the distal femur is removed by 2–4 mm 
more than the usual resection, and then posterior 
capsular release and PCL removal are performed. 
One-stage operation will suddenly increase the 
angle of correction, so one must be careful not to 
damage the neurovascular structures. In staged 
operation, flexion contracture is corrected with 
releasing the soft tissue and improved to some 
extent after traction or plaster fixation, then TKA 
is performed. In staged operation, it has the 
advantage of gradually stretching the nerve and 
blood vessels, which causes less paralysis or 
blood circulation disorder, but the contracture 
may not be completely improved, and the risk of 
infection by repeated surgery increases. Patients 
who have had flexion contracture for a long time 
generally suffer from disuse osteoporosis, and 
excessive extension without sufficient extension 
gap can cause compression fracture in front of 
the tibia. After the surgery, treatment of patient 
with flexion contracture must be focused on 
extension. Patients with flexion contracture 
require more active rehabilitation and education. 
Regular rehabilitation program and extension 
exercise 3–4 times a day must be instructed, and 
the patient must be educated not to carry out 
daily activities in flexed state.

14.5.2.2  Total Knee Arthroplasty 
in Varus Deformity

Varus deformities of the lower extremities are 
very common in patients with knee OA.  Varus 
deformity can be confirmed through a standing 
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whole leg AP and refers to a case where the knee 
joint is bent outward than the normal mechani-
cal axis of the lower limb (Fig. 14.32). In other 
words, the normal femoro-tibial shaft angle 
shows valgus of 4–7°, whereas valgus less than 
4° is considered a varus deformity. When knee 
arthritis progresses, the femoro-tibial shaft angle 
shows increased varus, which in turn worsens 
medial wear and further increases the varus.

If the varus deformity is severe, cause of the 
deformity must be identified first. There are two 
causes of varus deformity: dynamic deformity 
that occurs when walking due to the laxity of the 
lateral ligament, and static deformity accompa-

nied by the contracture of the medial soft tissue 
with bone defects. In severe varus deformity, lat-
eral soft tissue laxity is sometimes accompanied 
by bone loss in the medial tibial condyle. 
Deformity due to bone defect occurs primarily in 
the medial tibial condyle, as a result, medial joint 
space is narrowed, which causes medial soft tis-
sue contracture secondarily. Therefore, ligament 
must be balanced while the bone defect is 
restored. The principle of correction of varus 
deformity is to release the medial contracted soft 
tissue after removing medial osteophyte firstly, 
and if lateral soft tissue slacks too much, then 
reinforce the weakened or loosened lateral tissue 
as necessary. In the case of minor varus defor-
mity, bone resection or medial release is not dif-
ferent from those in general cases. However, it 
should be obtained a neutral alignment of lower 
extremity by releasing the medial soft tissue in 
moderate to severe varus deformities. The soft 
tissues around the knee joint that cause varus 
deformity are deep and superficial MCLs, semi- 
membranous tendons, pes anserinus, and medial 
and posterior medial joint capsule (Fig.  14.33). 
Order of medial soft tissue release is different 
from surgeons. Recently, the pie-crusting tech-
nique for medial soft tissue release is widely used 
to perform small multiple puncture using a scal-
pel or large bore needle without removing or 
peeling the ligament directly from the periosteum 
in a sleeve (Fig. 14.34a, b). However, it must be 
carefully performed without transecting the 
medial structures. In addition to releasing the 
medial tissue, the correction of the varus defor-
mity includes reinforcing the lateral tissue. If the 
degree of deformity is severe and the lateral tis-
sue is severely loose, the proximal fibula, which 
has the insertion of the lateral collateral ligament, 
is partially removed, and then the position is 
adjusted and reattached using a screw, or femoral 
origin of the lateral collateral ligament can be 
relocated more proximal. If such correction fails, 
a method of reconstructing the lateral collateral 
ligament can also be used. In order to correct 
varus deformity, if medial-lateral instability per-
sists even after performing various methods of 
the above to balance the medial-lateral soft tis-
sues, PS type or more constraint-type prosthesis 

Fig. 14.32 Whole leg standing AP X-ray shows varus 
deformity of the lower extremities
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will also be another solution. In severe varus 
deformity medial epicondylar osteotomy can be 
used for correction. For more detailed explana-
tion, see Sect. 14.4.6.2.

14.5.2.3  Total Knee Arthroplasty 
in Valgus Deformity

Valgus deformity is not common in knee OA 
whereas it is occasionally observed in RA or 
traumatic arthritis. Although the criteria for clas-

sifying the degree of valgus deformity are not 
precisely established, the case where the ana-
tomical femoro-tibial angle shows valgus more 
than 10 degrees is defined as valgus deformity. 
Valgus up to 10 degrees is classified as mild, 
10–20, moderate, and more than 20 degrees, 
severe. As anatomic characteristics of the val-
gus deformity, the medial ligament becomes 
lax, while the lateral soft tissue is contracted, 
and hypoplasia of lateral femoral condyle or 

Fig. 14.33 Soft tissue 
structures around the 
knee joint that can cause 
varus deformity

a b
Fig. 14.34 Pie-crusting 
technique for medial 
release. (a) palpate the 
MCL and check the 
degree of tightness and 
the tightest point, (b) 
carefully puncture with 
a needle to release, and 
concurrently check the 
tension with the opposite 
finger. Care must be 
taken not to complete 
transect of MCL
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depression in the lateral tibial condyle occurs 
commonly. Therefore, in valgus deformity, it is 
necessary to release the contracted lateral soft 
tissue and realign it through soft tissue release 
or bone resection.

Structures that cause valgus deformity include 
iliotibial band, arcuate ligament, lateral collateral 
ligament, popliteus tendon, biceps femoris ten-
don, and the lateral and posterolateral joint cap-
sule. There is a lot of controversy over which 
ligaments should be released first. After removal 
of lateral osteophyte, the lateral and posterolat-
eral joint capsule and iliotibial band should be 
released first because they are the main ligaments 
that cause valgus deformity in the most cases. A 
pie-crusting technique can be used if necessary 
(Fig. 14.35). Then, it is released in order of pop-
liteus tendon and lateral collateral ligament. Even 
if there is more than moderate valgus deformity, 
the deformity must be corrected by releasing the 
iliotibial band so that the primary correction of 
the deformity is achieved, and the peroneal nerve 
damage due to excessive traction is also 
prevented.

In valgus deformity, erosion of the distal lat-
eral condyle is often accompanied, so care should 
be taken not to resect too much of the distal 
femur. If genu recurvatum or medial laxity is 
accompanied, the joint line may be raised or too 
wide extension gap may be created, so the distal 
femoral resection should be minimized as much 
as possible. Since it is inappropriate to determine 
the rotation of the femur based on the PCA due to 
hypoplastic femoral condyle, the decision for 
femoral component rotation must be made based 
on the anteroposterior axis of the femur, the cut 
surface of the tibia and mediolateral ligamentous 
tension in the valgus deformity. When the valgus 
deformity is corrected, the elongation of the lat-
eral soft tissue occurs. It may provoke peroneal 
nerve stretching injury. Especially, if the valgus 
deformity is accompanied by flexion contracture, 
the risk of paralysis is increased due to rapid cor-
rection of the deformity. To prevent this, the 
peroneal nerve is checked when correcting severe 
deformity, or some degree of flexion contracture 
after surgery is permitted. It is also recommended 
to gradually extend the knee joint after surgery. 
In severe valgus deformity, medial instability 
may accompany the lateral contracture. In this 
case, releasing the lateral side and simultaneous 
reinforcement of the medial side can be used. 
Such complicated surgical procedures might 
cause many problems. Therefore, some surgeons 
favor constrained prosthesis and minimal soft tis-
sue resection. Easley et al. [125] reported that the 
use of constrained-type prosthesis in elderly 
patients with severe valgus deformity led to pain 
relief and improvement of function, and Griffin 
et al. [126] also used constraint-type prosthesis in 
elderly and inactive patients, thereby reducing 
complications of peroneal nerve palsy and insta-
bility. For more detailed explanation, see Sect. 
14.4.6.2.

14.5.3  Total Knee Arthroplasty 
in Genu Recurvatum

Although the incidence of 5 degree or more genu 
recurvatum is relatively rare, if genu recurvatum 
is 15 degrees or more, it is advisable to consider 

Fig. 14.35 Pie-crusting technique for lateral release. 
Make multiple punctures on iliotibial band and posterolat-
eral capsule with needle or scalpel
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surgical correction because alteration in the bio-
mechanics due to hyperextension of the knee 
joint causes muscle weakness, instability, and 
pain. The causes of genu recurvatum include neu-
romuscular disorders such as polio, inflammatory 
diseases such as RA, and a decrease in the poste-
rior tibial slope in patients who have undergone 
trauma or closed wedge high tibial osteotomy. 
Besides radiologic examination, it is important to 
evaluate the strength and function of the quad-
riceps, hamstring muscles, and gastrocnemius 
muscle through physical examination. In genu 
recurvatum, the large extension gap is its cause, 
so reducing the bone resection of the distal femur 
and the proximal tibia during surgery and using 
a thicker PE liner may help reduce the extension 
gap. In addition, by retensioning the posterior 
joint capsule and repositioning the collateral 
ligament to the proximal and posterior part, it 
prevents hyperextension and gives the stability. 
However, soft tissue reconstruction for correction 
of genu recurvatum results in recurrence com-
monly. If instability persists afterwards, the use 
of a constrained prosthesis should be considered. 
However, in patients with a genu recurvatum not 
caused by a neuromuscular disease, in general, 
a constrained-type prosthesis is rarely required 
unless there is a severe ligament laxity. The 
genu recurvatum is often accompanied by valgus 
deformity of the knee joint, which may require 
additional release of the lateral capsular structure 
for lower limb alignment. At this time, the struc-
tures should be released carefully considering the 
flexion-extension gap, gradually, in the order of 
the iliotibial band, lateral joint capsule, arcuate 
complex, and popliteal tendon. If genu recurva-
tum does not correct aforementioned methods, 
surgeon should consider the use of rotating hinge 
prosthesis.

14.5.4  Total Knee Arthroplasty 
in Ankylosed Knee

If the flexion contracture is more than 20 
degrees and the knee flexion is less than 70 
degrees or the ROM of the knee joint is less than 
60 degrees, it is called ankylosis. Dysfunction 

due to ankylosed knee causes limitations in 
daily life, pain, and interferes walking, thereby 
requiring surgery. Knees can be ankylosed 
in flexion or in extension. Knee joint may be 
ankylosed in flexion because of contracture 
of posterior soft tissue structures, mechanical 
bone block, post-high tibial osteotomy or juxta-
articular adhesions; or it may be so in extension 
because of quadriceps contracture, heterotopic 
ossification, patella baja, or intra- articular adhe-
sions. Patella baja can be both a cause and a 
consequence of a stiff knee. It reduces the lever 
arm of the quadriceps and consequently its effi-
ciency. Ankylosis in a flexed state may result in 
an extension lag after surgery, and ankylosis in 
an extended state may result in shortening of the 
quadriceps tendon, which is liable to ROM limi-
tation and weakened muscle strength. As requi-
sites for the surgery, extension mechanism of 
knee must exist to recover extension. Therefore, 
preoperative MRI should be used to evaluate the 
status of quadriceps tendon and patellar tendon. 
The fused knee is accompanied by fibrous soft 
tissue around the joint and deformity, making 
it difficult to procure the surgical field of view 
and carry out the operation, and the results after 
surgery are often unsatisfactory than expected. 
Moreover, bony ankylosis due to the sequelae of 
infection is not only difficult to expose or heal 
the surgery wounds, but also increases the risk 
of recurrence of infection. In addition, it is dif-
ficult to obtain a satisfactory ROM of the knee 
after surgery despite the detachment of soft tis-
sue that causes ankylosis and additional bone 
resection. Moreover, neurovascular structures 
are highly likely to be damaged during osteot-
omy or soft tissue release. As such, the surgi-
cal process itself is difficult, and it is difficult to 
obtain satisfactory surgical results. More severe 
and longer the ankylosis is, the more difficult 
the operation and the poorer the prognosis is, so 
it should be sufficiently explained to the patient 
before the operation regarding postoperative 
results and complications. It is generally recom-
mended for young workers to live without cor-
recting ankylosis.

There is a lot of difficulty in procuring the sur-
gical field of view in correction of ankylosis, 
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therefore, an extensile approach such as rectus 
snip, V–Y advancement technique, or tibial 
tubercle osteotomy is needed. After joint expo-
sure, the fibrous tissue between the patella and 
the femoral condyle is excised. If the patella does 
not evert with the standard approach, it is prefer-
able to proceed to an extensile approach. It is 
important to obtain maximum joint motion before 
bone resection, and when performing adhesioly-
sis primarily, all tissues that restrict joint motion 
should be resected or released (Fig. 14.36). When 
brisement is attempted after adhesiolysis, if 
excessive force is applied to break adhesion, 
avulsion fracture and rupture of the quadriceps 
tendon or patellar tendon may occur. Complete 
ankylosis in the extended state is accompanied by 
shortening of the tendon, and the patella adheres 
to the distal femur with fibrous or osseous tissue. 
In the case of osseous fusion in which the joint 

line has completely disappeared, the patellar and 
tibial rough surfaces are used as the reference or 
it is compared with a plain radiograph of the 
healthy side when determining the osteotomy 
line. In addition, to prevent damage to the blood 
vessels and nerves in the popliteal area, the oste-
otomy line at the rear side should be widened, 
and the two bones should be separated by cutting 
while applying a flexion force. As a landmark for 
osteotomy, the trace of the intercondylar notch 
can be used, and the insertion point of the intra-
medullary guide is decided based on the shape of 
the just above the intercondylar notch. The level 
of distal femur resection should be determined of 
its resection by gradually moving onto the proxi-
mal part while observing the extension gap, but 
the joint line must be maintained as possible. The 
degree of external rotation of the femur can be 
judged on the TEA or the shape of the posterior 

Fig. 14.36 Problems of 
the extension 
mechanism in an 
ankylosed knee. The red 
line indicates area of 
adhesiolysis
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condyle. When selecting a prosthesis in a patient 
with an extension ankyloses, it is recommended 
to select a small one because the flexion gap must 
be widened to increase the flexion. However, 
after releasing the ankylosis, the flexion gap may 
suddenly increase, so large size implants may be 
required, and in some cases constraints or rotat-
ing hinge prosthesis may be required. The tibial 
bone resection is determined using an extramed-
ullary method, but the height of the resection is 
lowered one step at a time. The tibia prosthesis 
should not be inserted internally rotated to pre-
vent dislocation of the patella, and alignment of 
the patella is checked by confirming flexion and 
extension several times. Before inserting the 
prosthesis, ROM is to be checked. When replac-
ing the patella, it is recommended to perform 
non-resurfacing if the patella is too small due to 
long history of ankylosis or if a collision with the 
PE liner is expected due to the presence of patella 
baja.

14.5.5  Total Knee Arthroplasty After 
Osteotomy

Conversion to TKA after high tibial osteotomy 
(HTO) is a troublesome operation, and surgery 
should be performed after considering previous 
surgical incisions, treatment of remaining hard-
ware, change in the angle of the joint surface, 
malunion or nonunion, patella baja, and bone 
defect in lateral tibial plateau. The precautions 
when performing TKA after closed wedge HTO 
are as follows. First, the previous surgical scar 
should be considered when making skin incision. 
Previous surgical scars are usually horizontal or 
vertical in lateral site. If the scar is vertical, the 
incision is made along the previous incision. If a 
median incision or a short oblique incision was 
performed previously, transition to TKA incision 
becomes more convenient as it can use or ignore 
existing surgical scar. Second, due to scarring, the 
patella eversion is difficult. Patients who under-
went HTO have difficulty in patella eversion due 
to limited mobility of infrapatellar fat pad adhe-
sion. In this case, the proximal quadriceps release 

or lateral retinacular release might be needed, or 
the surgery is performed with the patella pulled 
laterally without eversion. Sometimes V–Y 
advancement technique or tibial tubercle osteot-
omy is necessary. Third, it is treatment of remain-
ing hardware. In general, the hardware that was 
fixed during HTO is better to be removed, but 
it may be left as it is if it does not cause symp-
toms or if the position of the hardware does not 
interfere with the prosthesis insertion. Fourth, 
it is possible to have a bone defect. If there is a 
bone defect, in a tibia defect, if the bone defect is 
small, a tibial resection can be performed below 
the defect site. If too excessive bone defects exist, 
other management for bone defect may be con-
sidered. Fifth, it accompanies rotational and/or 
angular deformity. Deformity after HTO is pos-
sible in both the coronal and sagittal planes. In 
general, closed wedge HTO tends to decrease 
the posterior tibial slope, and in severe cases, 
genu recurvatum may occur. On the other hand, 
open wedge HTO may cause an increase in the 
posterior tibial slope or rotational deformity. If 
the posterior tibial slope is increased, the tibia 
can be excised at an angle of 90 degrees to the 
long axis of the tibia on the sagittal plane, but 
it reduces the flexion gap due to the loss of the 
posterior tibial slope. On the contrary, if poste-
rior tibal slope is decreased in close wedge HTO, 
excessive bone resection may be occurred at the 
posterior side of the tibia, and this may increase 
the flexion gap. In addition, bone resection in the 
lateral tibial plateau must be minimized as much 
as possible so that the support of the tibia pros-
thesis can be maintained well. Therefore, in order 
to increase the accuracy of surgery, it is important 
to check the amount of bone resection and align-
ment by performing precise preoperative radio-
graphic planning. Sixth, it is the patella baja. 
The patella baja commonly occurs after HTO. To 
treat this, the distal femur may be resected less 
and the proximal tibia may be resected more, 
which helps in keeping the joint line low but it 
might bring extension-flexion instability. When 
replacing the patella during TKA, the thickness 
of the patella should be made as thin as possible. 
To avoid contacting the distal part of the patellar 
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prosthesis and the anterior part of the tibia, the 
scar tissue where the patellar tendon adjoins to 
PE should be removed. Seventh, it is the insta-
bility caused by overcorrection of valgus defor-
mity. There are several difficulties in performing 
TKA after excessive valgus correction. The val-
gus deformity of the articular surface can cause 
abnormalities in the collateral ligaments and PCL 
when the lower limbs are aligned after surgery.

14.5.6  Total Knee Arthroplasty 
in Extra-articular Deformity

Cause of extra-articular deformities of the 
lower limbs includes metabolic bone diseases, 
congenital abnormalities, posttraumatic mal-
union, and previous osteotomies. When correct-
ing extra- articular deformity, it is important to 
obtain a good alignment of the lower limbs for 
long-term survival of the prosthesis. Therefore, 
it is imperative to evaluate the deformity with 
a precise radiographic examination, set up and 
execute an accurate preoperative planning. Full-
length weight-bearing radiographs in the AP and 
lateral planes are essential for accurate preopera-
tive planning and assessment of an extra-artic-
ular deformity and a CT scan can also be used 
to determine rotational deformity. Preoperative 
planning for TKA with extra-articular deformity 
in lower extremity should include the magnitude 
of the extra-articular deformity and the location 
of the deformity in relation to the knee joint. The 
surgical management options for correction of an 
extra-articular deformity include a method that 
performs TKA in conjunction with intra-artic-
ular correction of deformity and a method that 
performs TKA in conjunction with simultaneous 
or staged extra-articular corrective osteotomy. 
Advantages of TKA in conjunction with intra- 
articular correction include no additional skin 
incision, earlier rehabilitation, and avoidance of 
complications such as nonunion, delayed union, 
failure of the hardware, and infection of the 
osteotomy site. According to Wang et al. [127], 
a preoperative line drawing on a full-length 
weight-bearing radiograph of the limb should be 

done to decide whether an intra-articular resec-
tion is enough or not. If the line perpendicular to 
the mechanical axis of the femur at the femoral 
condyle did not pass through the insertions of 
the collateral ligaments, correction of the extra-
articular deformity by intra-articular bone resec-
tion at the time of the TKA was indicated. If the 
line drawn from the medullary canal of the tibia 
distal to the angular deformity passed within the 
tibial condyle, correction of the extra-articular 
deformity by intra- articular bone resection at the 
time of the TKA is feasible. They concluded that 
TKA in conjunction with intra-articular bone 
resection is an effective procedure for patients 
with extra- articular varus deformity of <20° 
in the femur or ≤30° in the tibia in the coro-
nal plane. If the correction cannot be achieved 
intra-articularly, an additional osteotomy should 
be performed at the deformed site, and the oste-
otomy level is the point where the axis of defor-
mity meets, not the site with deformity. If the 
deformity is moderate or severe, this method 
better preserves the mechanics of the prosthetic 
joint. There are two methods of correction: 
simultaneous and stage operation. If TKA and 
extra-articular correction are performed simulta-
neously, time and cost are reduced, and autog-
enous bone grafts can be performed using the 
remaining bones after bone resection, but there 
are disadvantages in that surgery is difficult and 
there is higher incidence of complications. On 
the other hand, if it is corrected in two stages, 
the operation is relatively easy, but the patient 
has to wait until bone union after the osteotomy 
and complications of nonunion may occur [128].

14.6  Postoperative Management

Providing an appropriate postoperative care to 
TKA patients is very important for obtaining a 
good clinical outcomes, enhancing patient satis-
faction, and preventing postoperative complica-
tions. Postoperative management includes pain 
management, wound care, prevention infection 
and thromboembolism, rehabilitation and dis-
charge plan.
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14.6.1  Postoperative Pain 
Management

The pain peaks at 2–3 days after TKA, and then 
declines, but it may usually persist for 3 months. 
Uncontrolled pain after TKA hinders patient 
from appropriate rehabilitation and negatively 
affects not only functional aspects such as motion 
limitation and gait disturbance but also patient’s 
satisfaction. Therefore, postoperative pain man-
agement is necessary for successful rehabilita-
tion and return to daily living. Various methods 
are being attempted for postoperative pain man-
agement. Postoperative pain is caused by tissue 
damage, nervous stimulus, and consequent acti-
vation of nerve-hormonal system. Bone and soft 
tissue damage from surgery causes secretion of 
transmitters like prostaglandin and bradykinin 
that further induces secretion of substance P1, a 
pain- causing substance. Once it stimulates noci-
receptor that exists near damaged tissue, the pain 
signal is transmitted via dorsal root ganglion and 
enters dorsal horn. Then, it enters spinothalamic 
tract in the spines and finally is transmitted to 
cerebral cortex to be recognized of pain. In addi-
tion, if the postoperative pain is not appropriately 
managed, stress reaction may stimulate catabolic 
hormones like cortisol, glucagon, growth hor-
mone, catecholamine, causing hyperglycemia, 
muscular weakness, debilitated immune system, 
and stimulate sympathetic nervous system.

14.6.1.1  Preoperative Analgesic 
Regimens

Preoperative education can alleviate patients’ 
fears about surgery, improve patients’ 
 satisfaction, and shorten hospitalization and 
rehabilitation periods through realistic explana-
tions of the results of surgery. Educational con-
tents should include overall surgical procedures, 
postoperative pain levels and patterns, methods 
of pain management, and rehabilitation proto-
cols. Early drug administration before sensi-
tization of the pain has been known to reduce 
sensitivity of neural tissue toward pain stimulus 
and block transmission of pain from peripheral 
nerve to spine and brain for maximum analgesia. 
The prerequisite of the drug used for preemptive 

analgesia should be easy to administer, fast to 
action, and free from side effects that may inter-
fere with planned surgery. Most commonly used 
medications include COX-2 selective inhibitors, 
gabapentinoids, and acetaminophen, and usu-
ally administered 1–2  h before surgery begins. 
In some cases, glucocorticoids are used, which 
reduces postoperative inflammatory reactions, 
helps to suppress postoperative pain, and reduces 
the frequency of nausea and vomiting, and it has 
been reported that the incidence of infection is 
not particularly increased when used for a short 
time [129].

14.6.1.2  Intraoperative Analgesic 
Regimens

Regional anesthesia, such as spinal or epidural 
anesthesia, is recommended rather than general 
anesthesia if there are no specific contraindica-
tions, such as coagulopathy. Regional anesthesia 
reduces systolic pressure, reduces intraoperative 
bleeding, postoperative nausea and vomiting, and 
cardiovascular and pulmonary complications. 
It provides excellent pain relief and improves 
patient satisfaction. In addition, the epidural 
anesthesia also allows continuous infusion of 
painkillers via a catheter. However, as there is a 
risk of epidural hematoma and paraplegia, care 
should be taken not to initiate chemical prophy-
laxis for deep venous thrombosis up to 12 hours 
after removing the epidural catheter.

Peripheral nerve block is currently one of the 
most commonly used pain control techniques 
after TKA. It generally blocks femoral or sciatic 
nerve. Femoral nerve is located 1–2 cm exterior 
to femoral artery in inguinal ligament, and its 
block can prevent pain from upper-anterior leg 
and medial side of lower leg. Sciatic nerve block 
can be used simultaneously with femoral block, 
and sciatic nerve block can prevent pain from 
upper-posterior leg and posterior of lower leg. 
Disadvantage of peripheral nerve block is post-
operative motor weakness. It prohibits early 
mobilization of patient. Meanwhile, adductor 
canal block was introduced to prevent the motor 
weakness from femoral or sciatic nerve block. 
Schnabel et al. [130] argued that adductor canal 
block can reduce pain after TKA.  Recently, a 
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procedure using ultrasound guided local anes-
thetic infiltration between the popliteal artery and 
the capsule of the knee (IPACK) is being per-
formed to reduce pain in the back of the knee 
after TKA [131]. IPACK block has little risk of 
nerve or blood vessel injury and anesthetizes 
popliteal plexus and terminal branches of genicu-
lar nerves that innervate the posterior capsule of 
the knee joint, and is used with other peripheral 
nerve block methods.

Periarticular multimodal drug injection offers 
minimal risk of general side effect, but its effec-
tiveness is still controversial. Many authors [132, 
133] have argued that initial pain can be reduced 
by injecting local anesthesia to periarticular tis-
sue before closing the surgical site. Chang and 
Cho [134] have reported that among methods for 
postoperative pain control, periarticular multi-
modal drug injection and peripheral nerve block 
are the most effective pain control methods for 
first 2 days after TKA.

14.6.1.3  Postoperative Analgesic 
Regimens

Patient controlled analgesia (PCA) is commonly 
used for postoperative pain control, which the 
patient administers appropriate dose of anal-
gesic to oneself depending on the level of pain. 
However, disadvantage of PCA is that it is dif-
ficult to be administered while controlling the 
dosage. General dosage is 1 mg of morphine or 
40 μg of fentanyl, but if it is less than appropriate, 
analgesic effect is insufficient, and if excessive, 
risk of side effect, such as nausea, vomiting, per-
sists. Appropriate interval between the dosage is 
known to be 5–10 min.

Acetaminophen, NSAIDs, tramadol, and opi-
oid are commonly used as analgesic after surgery. 
The first choice of analgesic is acetaminophen 
that is known to suppress synthesis of prostaglan-
din in central nervous system of which complica-
tion rate is relatively low. Acetaminophen has 
hepatotoxicity, and patients with liver disease 
must be cautious. NSAIDs inhibits COX path-
way to inhibit synthesis of prostaglandin. COX 
pathways include COX-1 and COX-2, and 
COX-1 pathway is related to gastric mucosal pro-
tection mediated by prostaglandin E2 and coagu-

lation by thromboxane. Once COX-1 inhibitor is 
used, it may cause gastrointestinal bleeding or 
bleeding tendency. COX-2 inhibitors include 
celecoxib, and when using COX-2 inhibitor, it 
does not have side effects like gastrointestinal 
bleeding but increases cardiovascular risk. 
Furthermore, one of the major side effects of 
NSAIDs is nephrotoxicity. Therefore, patient 
with poor renal function or chronic renal failure 
must be prescribed with caution. Tramadol works 
on central nervous system and binds to opioid 
receptor, suppressing serotonin and norepineph-
rine. It is effective in moderate postoperative pain 
management, with less risk of respiratory sup-
pression, major organ toxicity, and reduced gas-
trointestinal motility. Opioid can be administered 
intravenous (IV), muscular (IM), and oral. It is 
generally administered IV initially, but later, oral. 
Oral opioid includes morphine, hydromorphone, 
oxycodone, hydrocodone, and codeine, with 
common side effects of nausea, vomiting, and 
constipation.

14.6.2  General Postoperative 
Management

14.6.2.1  Observation of General 
Status, Nerve, 
and Vascularity

After the surgery, the patient must be moved to 
recovery room to check vital signs and patient’s 
consciousness and neurologic status. Once the 
consciousness of the patient is recovered, neuro-
logic status must be checked, especially peroneal 
nerve. As peroneal nerve is located posterolateral 
side of the knee, it may be stretched due to cor-
rection of valgus deformity or be compressed 
or damaged due to wrong posture during the 
surgery, causing paralysis. If it is diagnosed 
to be paralyzed, it must be recalled if there 
has been any process that may have damaged 
peroneal nerve, and if the peroneal nerve dam-
age is suspected, the patient must be inspected 
in the operating room again. Once the patient 
returns to ward, the patient is checked for vital 
signs again. Furthermore, it is crucial to main-
tain adequate blood circulation all the times by 
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conducting postoperative evaluation. Appropriate 
management of blood may hasten recovery of 
the patient’s general health and reduce medical 
complications.

14.6.2.2  Surgical Wound 
Management

The surgical site must be inspected 1 or 2 days 
after the surgery. If the patient has thin skin due 
to underlying disease or the suture is too tight, 
the suture site poses risk of skin necrosis. In addi-
tion, insufficient hemostasis may cause hema-
toma, which the surgical site must be inspected 
1–2 days after the surgery. Afterwards, dressing 
change is recommended every 3–4 days. In each 
dressing, it must be thoroughly inspected of any 
skin necrosis, pus from incision or drainage, or 
inflammation. If there was wound problem dur-
ing early postoperative period, more aggressive 
care must be taken to prevent deep infection and 
preserve the prosthesis. As hematoma occurs 
in all patients in early stage, it is crucial to dis-
cern if it is excessive. Excessive hematoma may 
cause pain and even compartment syndrome. It 
may also tense the skin and form blisters, hinder-
ing healing of the wound. If joint motion is lim-
ited due to constant bleeding or severe pain and 
swelling, it must be dealt with some precautions. 
Continuous passive movement (CPM) device, if 
it use, is first restricted, and if using thrombolytic 
agent, its cessation must be considered with cau-
tion. Bulla may form occasionally, and this is due 
to less vascular circulation from too much ban-
dage compression or leg swelling. In such case, 
it is recovered once it is dried cleanly after loos-
ening the bandage and popping the blister with 
needle or removing exudate.

14.6.2.3  Venous Thromboembolism 
Management

Venous thromboembolism (VTE) is one of the 
most common complications of TKA. In the west-
ern population, its occurrence ranges 41–85%, 
with pulmonary thromboembolism, 15–20%. 
Though Western population has higher risk of 
VTE, some research have reported similar inci-
dence in Asian population comparing with west. 
Piovella et al. [135] have investigated occurrence 

of VTE in Asian peoples, using bilateral venog-
raphy. After surveying 295 venography included 
in the analysis, overall frequency of deep vein 
thrombosis (DVT) was 41%, with proximal deep 
vein thrombosis, 10.2%. Preventive measures 
for DVT after TKA include lifestyle modifica-
tion, mechanical and pharmacological measures. 
Early ambulation is very important for DVT 
prevention. As for early ambulation, the patient 
is induced of lower limb muscle contraction 
with ankle motion without any special equip-
ment. Mechanical measures can be used safely 
without risk of bleeding and include compres-
sion stocking, and intermittent pneumatic com-
pression device. Compression stocking also has 
its advantage in its safety and low price, but its 
effectiveness in its sole use has not been proven 
in high-risk DVT patients. The most effective 
mechanical measure is an intermittent pneumatic 
compression device that applies intermittent 
compression with a cuff to increase intravascular 
circulation and reduce DVT risk. Pharmacologic 
measures include warfarin, low molecular weight 
heparin (LWMH), fondaparinux, and rivaroxa-
ban. Aspirin has been reported to be less effective 
in preventing VTE and provides more protection 
against heart attack and stroke than against DVT, 
which its sole use is not recommended. Warfarin 
is a vitamin K antagonist that shows anticoagula-
tory effect by inhibiting synthesis of coagulation 
factor II, VII, IX, and X, and when compared 
to non-warfarin, warfarin has reduced risk of 
VTE by 60% and proximal DVT by about 70%. 
However, oral dosage is possible, but non-oral 
administration is recommended for initial usage 
as its onset is slow. INR of 2–3 is recommended. 
LWMH is a fractionated heparin with molecular 
weight of 1000–10,000  Da. It shows high bio-
availability compared to unfractionated heparin 
and longer half-life, allowing equal biological 
effect in patients with different body weight. 
Such characteristic allows oral dosage without 
monitoring.

14.6.2.4  Infection Prevention
Periprosthetic infections are a devastating com-
plication. Incidence of deep infection after TKA 
is 0.5–2.0%. Every effort should be made for pre-
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vention of postoperative infection. Risk of infec-
tion must be minimized before, during, and after 
the surgery. Preoperative factors increasing risk 
of infection, such as malnutrition, DM, and obe-
sity, should be treated or corrected. Any modi-
fiable systemic factor that may affect infection 
must be resolved before the surgery. Preventive 
use of antibiotics just before the surgery is imper-
ative to reduce the risk of infection. AlBuhairan 
et  al. [136] reported that antibiotic prophylaxis 
should be routine in joint replacement but the 
choice of agent should be made on the basis of 
cost and local availability. Prophylactic antibiot-
ics could be continued if there is risk of infection 
or reimplantation is performed due to infection. 
First generation cephalosporin is proposed as 
a drug of choice for prophylactic antibiotics. 
Meanwhile, in patients with history of MRSA 
infection, vancomycin is recommended.  Smith 
et al. [137] have argued that prophylactic use of 
vancomycin can effectively reduce infection and 
infection by toxic resistant bacteria. However, 
Ponce et al. [138] argued spectrum of vancomy-
cin is narrow, making its sole use less effective in 
prophylactic use than sole cefazolin treatment or 
combination of cefazolin and vancomycin. There 
is no consensus on the duration of postoperative 
antibiotics use and current study recommends 
use of prophylactic antibiotics for postopera-
tive one day. Classen et al. [139] recommended 
prophylactic antibiotics use 30–40  min before 
surgery and to be no longer than 48 h after the 
surgery to reduce risk of urinary tract infection. 
Surgery must be simple and precise to shorten the 
surgical time. However, if the surgery has lasted 
too long, if the patient has recent history knee 
surgery, acupuncture or moxibustion, or intra-
articular steroid infection, or if the patient has 
rheumatism or high risk of other infection, the 
antibiotics can be used for another 3–4 days or 
longer. Operating room environment should also 
be improved. The use of body exhaust suits, lami-
nar flow rooms, and limit operating room traffic 
are important. A proper skin preparation, clean 
and meticulous wound closure are also helpful 
for decreasing infection rates. Blood transfusion 
increases risk of infection after TKA, therefore, 
rate of blood transfusion should be reduced as 

possible. In addition, proper management of 
indwelling urinary catheters and wound drainage 
also may decrease infection rates [140].

14.6.2.5  Rehabilitation
Rehabilitation aims to normalize physical and 
joint function and reduce any complication. 
Rehabilitation program is classified into 3 phases 
with goal for each phase of postoperative man-
agement. First week after the surgery is phase 
I, and the goal is to balance oneself by climb-
ing out of the bed by oneself, walk by oneself 
with walker, and a complete full extension and 
90-degree or more flexion. Phase II is 2–5 weeks 
after the surgery, with a goal of recovering motor 
and sensory of the operated leg, full function 
at home, and 0–110° ROM.  In Phase III which 
is 6–8 weeks after the surgery, the goal is to be 
able to do house chores without help of orthosis 
and achieve 0–120° ROM. However, rehabilita-
tion schedule varies depending on the individual 
capacity or situation, which must be planned by 
clinician. In most of arthroplasty, respiratory 
muscle exercise must be encouraged to prevent 
postoperative atelectasis, especially, if performed 
under general anesthesia, and inspirometer can 
be used for such exercise. In addition, to prevent 
DVT and muscle weakness, it is recommended to 
perform straight leg raise exercise or ankle pump 
during ambulation period (Fig.  14.37). Straight 
leg raise exercise is the most fundamental exer-
cise that lifts the extended operated leg up and 

a

b

Fig. 14.37 Exercises to prevent DVT. (a) ankle pump, 
(b) straight leg raising exercise
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down. Its effects can be maximized by slowly 
putting down the leg after holding its position in 
midair for about 10 s. Ankle pumping is to flick 
the ankle upward and downward, facilitating 
muscular strength growth and lower limb circula-
tion to prevent DVT.

ROM exercise can be classified into active 
and passive exercise. Passive exercise can be 
started from the day of the surgery. CPM 
machine is the most commonly used device for 
passive ROM exercise. CPM executes joint 
exercise in an appropriate speed by a machine, 
allowing ROM exercise with less pain. Johnson 
et al. [141] have reported that the use of CPM is 
excellent in recovery of ROM in longer follow-
up, while Colwell et al. [142] argued using CPM 
did not affect ROM but reduces pain and hospi-
talization period. When using CPM, it starts 
from 30° and the angle is increased until the 
patient can withstand it. If ROM is too limited, 
brisement can be performed under anesthesia. 
Yang et  al. [143] have reported performing 
brisement in patients showing flexion less than 
90° brought better outcome. Ambulation with 
walking aids is permitted at immediate postop-
erative period. If tolerable, waking aids can be 
discarded. However, careful attention should be 
paid to prevent fall accidents when the patient is 
walking.

14.6.3  Discharge Plan

Duration of hospital stay depends on health care 
system in each country, patient’s physical status, 
and social environment. Generally, discharge is 
to be made about 7 days postoperatively if the 
patient shows no problem in the surgical site and 
is capable of more than 90 degrees knee ROM 
and walking in assist of walker. Before being 
discharged, the patient must be educated of knee 
rehabilitation, return to daily living activity, and 
precaution for knee and general health problem. 
The patient must be extensively educated to visit 
the hospital if the operation site shows redness 
or exudate.

14.7  Complications

Postoperative complications after TKA are the 
main cause for impediment of pain relief and 
functional recovery. Complications include 
systemic complications and knee related com-
plications. The Knee Society had defined 22 stan-
dardized complications in TKA to improve the 
evaluation and reporting of results of arthroplasty 
(Table 14.3) [144].

14.7.1  Wound Complications

Among the local complications of TKA, 
wound complications can be the first red flag 
to healthy prognosis. Wound complications 
include wound drainage, delayed wound heal-
ing, hematoma, and skin necrosis, and the inci-
dence rate is known to be quite high, with about 
10–20% [145]. The most plausible explanation 
for such wound complications is partly due to 
the anatomy characteristics of its blood circula-
tion (Fig. 14.38). Arterial supplies to the ante-
rior soft tissue of the knee joint branches off to 
arterioles penetrating the subcutaneous fascia, 
forming a dermal plexus to supply blood to the 
skin. The superficial fascia must remain intact 
to the subcutaneous tissue so that the superficial 
arterial network can supply blood to the skin. 
Therefore, if a skin flap is made on the fascia, it 
may cause vascular disruption, resulting in skin 
necrosis [146].

To prevent wound complication, it is impor-
tant to screen risk factors of wound complication, 
and risk factors include surgical technique- 
related factor and patient factor [147]. Risk factor 
for postoperative wound complication generally 
includes previous knee surgery history, skin scar-
ring after trauma, smoking, steroid use, hypovo-
lemia, DM, obesity, malnutrition, rheumatic 
arthritis, anemia, NSAIDs use, and old age [148]. 
Wound complications consist of 4 categories: (A) 
delayed wound healing or persistent drainage, 
(B) mild skin necrosis or superficial infection, 
(C) massive hematoma, and (D) extensive skin 
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necrosis [149]. It can cause superficial or deep 
infection in any case, and treatment for infection 
must be always considered [150]. If infection is 
suspected, early bacteria culture and more active, 
aggressive treatment is necessary, such as margin 
resection and antibiotics treatment.

14.7.1.1  Delayed Wound Healing or 
Persistent Drainage

Most of wound problem rarely progresses onto 
severe problem if treated early, but if the recov-
ery is delayed or significant drainage persists, it 
is a red flag. Generally, wound must not show 

Table 14.3 TKA complications and adverse events

Phase
Complication/Adverse 
events Comments

Intraoperative/
Acute

Blood loss Bleeding tolerance is low in patients with comorbid disease. 
Tranexamic acid application can be considered

Wound complication Detailed anamnesis (diabetes, hypertension, smoking, rheumatic 
arthritis, etc.) and physical exam should be done before surgery

Thromboembolism Thromboprophylaxis can reduce the prevalence of venous 
thromboembolism significantly. Symptomatic thromboembolic event 
requires intensive treatment during the first 3 months after TKA

Neural deficit Peroneal nerve injury is most common. Difficult to detect during 
operation

Vascular injury Intraoperative vascular injury requires tourniquet deflating and surgical 
repair

MCL injury Important for medial stabilization and intraoperative MCL injury 
requires operative treatment such as direct repair, reconstruction, 
constrained prosthesis use, and revision surgery

Extensor mechanism 
injury

Disruption of the patellar tendon, quadriceps tendon, and patellar 
fracture are included. Operative treatment should be required

Intermediate/
Late

Periprosthetic joint 
infection

Debridement with retention of the prosthesis is required for early 
postoperative or acute hematogenous infection, and prosthesis removal 
with two-stage revision is required for late chronic infection with 
appropriate antibiotics treatment

Patellofemoral 
dislocation

Advanced valgus alignment, previous high tibial osteotomy and 
malrotation of implants can be the cause of patellofemoral dislocation

Tibiofemoral 
dislocation

Because of polyethylene damage or ligamentous incompetence. 
Re-dislocation is common if treated with closed reduction alone.

Bearing surface wear Symptomatic wearing of the bearing surface should be required 
revision operation

Osteolysis Expansile lytic lesion adjacent to one of the implants ≥1 cm in any 
one dimension or increasing in size on serial radiographs/CT scans

Implant loosening Loosening of implant is identified radiographically as a change in 
implant position or a progressive radiolucent line at the bone–cement 
or bone–implant interface

Implant fracture or 
tibial insert dissociation

Implant design and malposition can be the cause of implant fracture or 
insert dissociation

Periprosthetic fracture Operative or nonoperative treatment would be selected by type of 
periprosthetic fracture. Revision TKA should be required for unstable 
implant.

Instability Symptomatic instability requires operative treatment such as gap 
balancing, thick insert change, and revision TKA

Malalignment Symptomatic malalignment confirmed radiographically with angular 
deformity in the coronal plane >10° from the mechanical axis

Stiffness If limited ROM continues despite CPM and manipulation, surgical 
release can be considered.

ROM range of motion, CPM continuous passive motion
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flare, tenderness, or pus. If the drainage persists, 
dressing must be performed frequently to dry the 
wound and create a sterile site so that it won’t 
be contaminated [150]. After TKA, a persistent 
drainage is diagnosed if it lasts 72 h or longer with 
drainage larger than 2 cm × 2 cm gauze from the 
wound [151]. CPM or physical therapy is to be 
stopped briefly to rest the patient’s knee and there 
is no need to prescribe antibiotics before bacte-
ria culture or sensitivity test with joint aspiration. 
Such wound can be yet infected, and in case of 
deep infection, such use of antibiotics is not rec-
ommended as it can alter normal flora and sensi-
tivity. Figure 14.39 shows treatment algorithm for 
acute wound problems after TKAs [152].

14.7.1.2  Mild Skin Necrosis or 
Superficial Infection

It ranges from pus formation around sutured site 
to cellulitis such as soft tissue infection, without 
any intra-articular infection. In general, debride-
ment and dressing are sufficient for treatment 
of suture site infection. In superficial infection, 
bacteria culture must be performed. If it is sus-
pected of deep infection, culture or biochemical 
test using joint aspiration must be considered. In 
such case, broad-spectrum antibiotics for antici-
pated infective organism must be started and 
may change depending on the culture result. The 
wound site should be immobilized and elevated 
until the drainage stops or the wound site shows 
improvement. However, skin necrosis may be 

worse than such superficial infection. If the 
necrosis is 3 cm or less, conservative treatments 
such as dressing are still available options, but if 
it does not respond to the treatment or necrosis 
is far beyond that size, debridement is required, 
removing all dead tissue thoroughly (Fig. 14.40). 
If the necrotized tissue involves intra-articular 
space and exposes prosthesis, muscular flap may 
be considered [153]. If it is only limited to super-
ficial infection, it can be treated with debride-
ment and simple suture, but suture after margin 
resection is decided based on size of the necro-
sis and elasticity of surrounding skin. If suture 
is difficult due to extensive necrosis or recurrent 
skin necrosis after re-suture, flap surgery may be 
needed. Depending on the case, local fasciocu-
taneous flap or gastrocnemius flap is reported to 
bring great outcomes [153].

14.7.1.3  Massive Hematoma
Massive hematoma can cause serious problems 
to the skin due to compression or toxicity of 
hemoglobin by-products. In addition, if these 
hematomas are contaminated and infected, it can 
be the optimal environment for bacteria to grow. 
If hemorrhage is too severe than expected during 
initial dressing of the wound after the surgery, or 
if the patient complains of more severe pain than 
expected postoperative pain, severe swelling, or 
discoloration in the wound area, it highly pro-
poses presence of a hematoma [149]. In order to 
reduce subcutaneous hematoma and prevent leak-
age of synovial fluid, it is especially important 
to minimize the resection of the infrapatellar fat 
and to properly and delicately close lower inci-
sion around patellar tendon, as it is where most 
of the synovial drainage is placed [152]. Even 
though meticulous hemostasis before skin suture 
is performed, it must be reminded that hematoma 
can still occur. Use of tranexamic acid is helpful 
to reduce the postoperative bleeding and prevent 
hematoma. If a massive hematoma is diagnosed, 
reoperation is scheduled immediately to open the 
wound again, remove the hematoma, find bleed-
ing site, and perform a thorough hemostasis.

14.7.1.4  Extensive Skin Necrosis
Despite the rarity of extensive   necrosis induc-
ing the prosthesis exposure, it is the most seri-

Fig. 14.38 Microvascular structure of soft tissue around 
knee
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ous complication and is difficult to establish a 
specific treatment plan. In a worst case, removal 
of the prosthesis may be considered, but the first 
step in retaining the prosthesis is to open the inci-
sion and perform debridement. In most cases, it 
is impossible to re-suture the skin without ten-
sion, and flap reconstruction is generally required 
[154]. Type of the flap includes local, random 
pattern, and axial-type flap and gastrocnemius 
flap, fascia skin flap, and free flap. Success of the 
surgery depends on how viable these flaps are. 
Medial gastrocnemius is commonly used because 
medial head is longer and more viable than lat-
eral head, and it is less likely to damage the pero-
neal nerve [155] (Fig. 14.41).

14.7.2  Periprosthetic Joint Infection 
(PJI)

PJI is a devastating complication that mostly 
needs reoperation and is the most common 
cause of revision TKA.  Overall incidence of 
PJI has been known as 0.5–2% and in high-risk 
group or revision TKA, the incidence of infec-
tion increases further [156–158]. Early diagno-
sis and treatment is imperative for a favorable 
outcome. Infection must be treated with proper 
antibiotics. However, PJIs are difficult to treat 
without removing the prosthesis as bacteria 
continue to exist even after continuous use of 
antibiotics.

Fig. 14.39 Treatment algorithm for wound problems in acute postoperative stage. I&D incision and drainage, NPWT 
negative pressure wound therapy, OR operating room. (Reproduced from Simmons et al. 2017)
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14.7.2.1  Classification
Traditionally, PJI was classified according to its 
onset, such as acute, subacute, and chronic [159]. 
However, classification according to disease 
onset does not help determine treatment plan. 
New classification based on clinical presentation 
helping determine treatment plan is proposed. 
Type 1 is positive intraoperative culture, which 
might represent contamination or true infection. 
Multiple specimens should be obtained for iden-
tifying true infection at the time of revision sur-
gery. Diagnosis of infection is made only if the 
same pathogen is isolated from more than one 
specimen. This type can be treated with antibi-
otics alone, without further operation. Type 2 is 
early postoperative infection occurring within 
one month after TKA.  Type 2 includes superfi-
cial and deep infection. Superficial suture infec-
tion usually can be treated with oral antibiotics. 
Deep infection needs operative treatment, such 
as debridement, implant retention. Type 3 is an 
acute hematogenous infection that has a sudden 
onset of acute septic symptoms in patients who 
had no symptoms after TKA. An acute hematog-
enous infection represents hematogenous seeding 
of organisms from distant site of infection. This 
type also needs operative debridement. Surgical 
treatment should be performed as soon as pos-
sible in early postoperative deep infection and 
acute hematogenous infection. Type 4 is a delayed 
chronic infection with inflammation persisting for 
more than a month, which accompanies often 
with no fever or leukocytosis, should be treated 
with removal of all implants [160] (Table 14.4).

Fig. 14.40 Skin defects due to extensive necrosis are 
observed, and aggressive surgery such as flap is required

Fig. 14.41 Gastrocnemius flap using medial head of 
gastrocnemius

Table 14.4 Classification of periprosthetic joint infection according to the time of occurrence and cause of infection

Type Clinical Presentation Definition Treatment
I Positive intraoperative 

culture
≥2 positive intraoperative cultures A course of appropriate antibiotics

II Early postoperative 
infection

Acute infection within 4 weeks after the 
operation

Debridement with retention of the 
prosthesis, intravenous antibiotics

III Acute hematogenous 
infection

Acute onset of infection at the site of a 
previously well-functioning joint 
replacement

Debridement with retention of the 
prosthesis, intravenous antibiotics

IV Late chronic infection Chronic indolent infection, ≥4 weeks 
after the operation

Prosthesis removal with two-stage 
revision
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14.7.2.2  Diagnosis
Diagnosis begins with a careful medical his-
tory taking and physical examination. Infection 
requires quick and accurate diagnosis. Any pain, 
swelling, redness, drainage that occurs irrelevant 
to the timing of surgery should be suspected of 
infection. Infection-related pain is suspected 
when unexpectedly severe pain persists after 
surgery or when pain occurs even at rest regard-
less of joint movement. However, if it is chronic, 
the pain may not be severe. Teller et  al. [161] 
reported that sensitivity to the infection was 9% 
and specificity was 96% in presence of a fever of 
37.5 degrees or higher, while sensitivity was 18% 
and specificity 100% in presence of a hot flash or 
redness in the joint.

If clinical symptoms suggest infection, hema-
tologic test, microscopic inspection or culture of 
joint aspiration, or biopsy must be performed. In 
hematologic test, there may be an elevation in 
leukocyte count, erythrocyte sedimentation rate 
(ESR), or C-reactive protein (CRP), but this is 
not a confirmative finding and should be inter-
preted in comparison with other tests [162]. CRP 
is a more reliable indicator of acute inflammation 
than ESR or white blood cell (WBC) count [163]. 
It reaches its highest peak in 48–72 h after TKA 
and recovers to normal within 3  weeks [164]. 
However, there are cases where it gradually nor-
malizes in 3 weeks or more due to the patient’s 
age or preoperative medical conditions [165]. 
However, if CRP falls and rises again, a closer 
observation is needed [166].

Joint aspiration is a standard and mandatory 
test for diagnosing infection after TKA [167]. 
The sensitivity varies from 45 to 100% depend-
ing on the author, but the sensitivity can be 
increased with repeated tests [168]. Biochemical 
analysis is required along with visual inspection 
of the aspiration. Visual inspection includes vol-
ume, viscosity, color, and transparency. The nor-
mal properties of the aspiration are volume of 
about 4  cc, high viscosity, colorless or slightly 
straw-colored color with transparency. 
Biochemical tests mainly include WBC count, 
polymorphonuclear leukocyte (PMNL) or neu-
trophil ratio, bacterial culture, mucin clot, and 
glucose. Normal references are WBC <200/mm3, 

neutrophils <25%, negative bacterial culture, 
film-like mucin clots, and glucose levels almost 
same as in hematological tests. However, after 
TKA, minor alterations may occur within normal 
range, but as there is no accurate analysis data, it 
is necessary to refer to normal synovial fluid find-
ings before surgery. Infectious arthritis is diag-
nosed once synovial leukocyte count is 50,000/
mm3 or more, but 28,000/mm3 or less, in immu-
nocompromised patients. There may be various 
explanation for WBC count and PMNL ratio 
after TKA, but in general, infection is very likely 
in patients with the leukocyte count of 5000/mm3 
or more and PMNL ratio higher than 65%. 
Trampuz et al. [169] reported the sensitivity and 
specificity for diagnosis of PJI were high if ratio 
of synovial neutrophil is 65% or higher or syno-
vial WBC count is 1700/mm3 or higher. Mason 
et al. [170] reported that TKA patient with syno-
vial WBC count of 2500/mm3 or higher and 
PMNL ratio of 60% or higher is to be suspected 
of infection. Synovial WBC count of >1700/
mm3/μL (1100–3000/mm3/μL) or synovial WBC 
ratio of 65% (64–80%) is a strong indicator of 
chronic infection. However, this guideline is yet 
to be established for synovial WBC count and 
ratio reference in acute infection occurring within 
6 weeks after the surgery, making it difficult to 
employ such references in diagnosis of acute 
infection [171]. According to the 2013 
Proceedings of the International Consensus on 
PJI [151, 172], in case of acute infection, the 
threshold of ESR in the joint fluid within postop-
erative 6  weeks is not determined, whereas the 
CRP was 100 mg/L or more and leukocyte count 
10,000/mm3, synovial PMNL ratio 90% was 
checked. In the case of chronic TKA infection, 
the ESR of 30 mm/hr or more, CRP 10 mg/L or 
more, synovial leukocyte count of 3000/mm3 or 
more, and synovial PMNL ratio of 80% or more 
was checked in the joint fluid 6  weeks after 
surgery.

Even though a blood test, image study, or clin-
ical sign confirms the infection, it is difficult to 
start treatment with appropriate antibiotics 
because causative organisms are not found. 
Bacteria culture should be timely appropriate and 
the specimen for culture should be acquired from 
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an appropriate site [157]. Bacteria culture must 
be performed before using antibiotics due to sus-
pected infection. When deep infection is sus-
pected, culturing samples from exudate in 
superficial layer or sinus tract can result in poly-
microbial contamination, which cannot be con-
cluded as the causative pathogen of the deep 
infection. The most effective specimen is joint 
aspirates, or deep wound biopsy or curettage 
specimens. Gram staining is very useful for dis-
tinguishing whether the pathogen is Gram- 
positive or negative. Benston et al. [173] reported 
that Staphylococcus was most common (52.9%) 
in knee aspiration and bacterial culture tests per-
formed in the operating room, followed by E. coli 
(5.9%). However, 41.2% of cases did not show 
any bacterial growth in the culture.

In plain radiography, no findings regarding PJI 
are available in early stage but can be only found 
in only advanced stages. Findings of advanced 
inflammation include bone absorption in bone 
cement, periosteal new bone formation, and gas 
formation in soft tissue [174]. Bone scans can be 
more helpful in early diagnosing infections after 
TKA than plain radiology and ultrasound. The 
indium labeled WBC scan has higher sensitivity 
and specificity than conventional bone scan, 
making it more useful when the results are arbi-
trary on physical, hematological, and radio-
graphic studies [175]. In some cases, technetium 
and WBC scan are performed simultaneously to 
increase the diagnosis rate.

Diagnosis Algorithm
The clear diagnosis of PJI can be challenging 
because the definition is not standardized and 
is determined by the combination of criteria. 
However, as most of the criteria used for diag-
nosis of PJI use test results, they have limitations 
(such as false-positive tests) and there are some 
cases that need to be judged within the clinical 
context.

To standardize the definition of PJI, a number 
of diagnostic criteria such as the Musculoskeletal 
Infection Society (MSIS) criteria, the Infectious 
Disease Society of America (IDSA) guidelines, 
the International Consensus Meeting (ICM) cri-
teria, European Bone and Joint Infection Society 

(EBJIS) criteria have been proposed [172, 176–
179]. Among them, the MSIS diagnostic criteria 
remain widely accepted worldwide and have 
been endorsed at international consensus meet-
ings [151, 180, 181] (Table 14.5).

Subsequently, a new evidence-based and vali-
dated criteria were developed in 2018 based on 
MSIS and ICM criteria [151, 177, 178, 180]. This 
new diagnostic criteria consists of major and 
minor criteria (Table 14.6) [178]. Major criteria 
include cases, in which there are two consecutive 
positive cultures of the same organism, or if there 
is a sinus tract exposed to the prosthesis, and if 
this is satisfied, it can be diagnosed with 
PJI. Minor criteria include serum CRP, D-dimer, 
ESR levels, non-synovial WBC, PMNL percent-
age, leukocyte esterase, alpha-defensin, and 
synovial CRP levels. When the reference value of 
each item exceeds the specified value, the score 
assigned is added to determine whether to diag-
nose with PJI. Parvizi et al. [178] also suggested 
some cases that may not be true infection even if 
the above criteria are satisfied and vice versa, 
which is nominated as a red flag sign. These 
include adverse local tissue reactions (ALTR), 
crystalline deposition arthropathy, inflammatory 
arthropathy flares, and infections due to slow 
growing organisms such as Propionibacterium 

Table 14.5 Major criteria and minor criteria for diagnos-
ing PJI

Diagnostic criteria for the periprosthetic joint infection 
(PJI)*

Major 
Criteria

1.  Pathogen isolated by periprosthetic 
culture from two separated samples

2.  A sinus tract communicating with the 
joint

Minor 
Criteria

1.  Elevated serum ESR AND CRP 
concentration

2.  Elevated synovial fluid leukocyte 
count OR ++result on leukocyte 
esterase test strip

3. Elevated synovial fluid PMN%
4.  Positive histological analysis of 

periprosthetic tissue
5.  Pathogen isolated by culture in one 

sample

ESR erythrocyte sedimentation rate, CRP C-reactive pro-
tein, PMN polymorphonuclear neutrophil
*Diagnosis when one major criteria or three out of five 
minor criteria present
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acnes, coagulase negative Staphylococcus, and 
others. The algorithm for diagnosing PJI has 
been summarized in Fig. 14.42 [181].

14.7.2.3  Treatment
The use of susceptible antibiotics and surgery is 
imperative for PJI treatment. Treatment methods 
for PJI include antibiotic suppression, debride-
ment, antibiotics and implant retention, one-
stage reimplantation, two-stage reimplantation, 
fusion and amputation. In some cases, the treat-
ment is time-consuming and expensive because 
the infection can recur even after several surger-
ies. Even if the infection has eradicated, making 
a joint with good function is technically more 
difficult than non-infectious revision surgery, 
rendering its prognosis to be lower than that of 
non- infectious revision surgery. Therefore, in 
the treatment of infection, not only the problem 
of the knee itself, but also the patient’s medical 
 condition or comorbidity, social and economic 
conditions must be considered. The type of infec-
tion by onset, the timing of treatment, strain and 
antimicrobial susceptibility, the degree of loos-
ening of the prosthesis, and presence of a drain-
ing sinus must be considered for treatment of 
PJI. Any form of surgery must be conducted to 

eradicate infection, and how well debridement is 
performed during surgery is closely related to the 
recurrence rate of infection. In order to maintain 
good function after surgery, reconstruction of 
bone defect, maintenance of extension and flex-
ion gaps, and balancing of ligaments are impor-
tant as in non-infectious revision surgery.

Principle of Antibiotics Administration
Fulkerson et al. [182] provided a general guide-
line for empiric antibiotic use for suspected PJI 
by the class of the infection and the findings of 
Gram staining. Acute hematogenous infections 
should initially be treated by a combination of 
cefazolin and gentamicin therapy until the final 
culture results are available. Acute and chronic 
postoperative infections with Gram-positive 
bacteria or failing to identify bacteria with 
Gram stain should be treated with vancomycin. 
Infections with Gram-negative bacteria should be 
treated with a third or fourth-generation cephalo-
sporin. Infections with mixed Gram-positive and 
Gram-negative bacteria should be treated with a 
combination of vancomycin and a third or fourth- 
generation cephalosporin. If culture results and 
other confirmatory tests are not positive by the 
fourth postoperative day, termination of empiric 

Table 14.6 New scoring based definition for periprosthetic joint infection (PJI). Proceed with caution in adverse local 
tissue reaction, crystal deposition disease, slow growing organisms

Major criteria (at least one) Decision
Pathogen isolated by periprosthetic culture from two separated samples Infected
A sinus tract communicating with the joint

Minor criteria Score Decision
Preoperative Diagnosis Serum Increased CRP or D-dimer 2 6 ≥ Infected

2–5 Possibly infected*
0–1 Not infected

Increased ESR 1
Synovial Increased synovial WBC count or LE 3

Positive alpha-defensin 3
Increased synovial PMN (%) 2
Increased synovial CRP 1

Inconclusive preop score or dry tab Score Decision
Intraoperative diagnosis Preoperative score – 6 ≥ Infected

4–5 Inconclusivea

≤3 Not infected
Positive histology 3
Positive purulence 3
Single positive culture 2

CRP C-reactive protein, ESR erythrocyte sedimentation rate, WBC white blood cell, LE leukocyte esterase, PMN poly-
morphonuclear neutrophil
*For patients with inconclusive minor criteria, operative criteria can also be used to fulfill definition for PJI
aConsider further molecular diagnostics such as next-generation sequencing
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antibiotic therapy should be considered. The 
general principle of antibiotic use is that if 
gram- positive bacteria are found in the smear 
before cultivation, vancomycin is recommended 

as it is highly likely to be methicillin resistant 
Staphylococcus aureus (MRSA) [183]. Although 
MRSA poses a formidable clinical threat, with 
persistently high morbidity and mortality, the 

Fig. 14.42 Algorithm for diagnosis of PJI (Reproduced from Zmistowski et al. 2014)

C.-W. Kim et al.



337

choice of antibiotics should consider data regard-
ing local infection control since S. aureus strains 
may have different prevalence (esp. for MRSA) 
and antibiotics sensitivity profiles for each region 
[182, 184]. In regions with low MRSA preva-
lence, parenteral agents including nafcillin, oxa-
cillin, and cefazolin can be used in response to 
methicillin-sensitive S. aureus (MSSA), and 
ceftriaxone can be considered for oxacillin- 
susceptible staphylococcal PJIs [185, 186].

In the case of chronic infection caused by 
staphylococcus, etc., it should be considered that 
the bacteria create a biofilm on the surface of the 
prosthesis, thus making it unpassable with gen-
eral concentration of antibiotics. This biofilm is 
supposed to form in 3  weeks after infection. 
Zimmerli et  al. [187] recommended mixed 
administration of rifampin in chronic infections 
as rifampin facilitates passage of antibiotics 
through the biofilm. Quinolone is not recom-
mended for Staphylococcus infections because 
Staphylococcus is more likely to develop a resis-
tant strain. As infection by Mycobacterium tuber-
culosis takes too long to eradicate, 
anti-tuberculosis drugs should be prescribed for 
at least 1 year to 1 year and a half after revision 
surgery. In fungal infection, patients tend to have 
specific causes, that the patient may have history 
of malignant tumor, immunodepressant usage, or 
antibiotics overdose, or have implant (e.g., 
indwelling catheter). The fungal infection is 
mostly due to Candida, and though there is no 
established guideline of antifungal agent, ampho-
tericin or fluconazole is commonly used. It is rec-
ommended to be used for at least 6 months up to 
1  year with consistent follow-up of renal and 
hepatic function.

Antibiotic Suppression
If the patient is in poor health condition that 
cannot go through a surgery or refuses to have 
a surgery, antibiotics suppression is another treat-
ment option for PJI.  It can be used if the pros-
thesis shows no loosening, and the infectious 
strain shows minimal toxicity and responds to 
oral antibiotics. Though there is a report that con-
tinuous antibiotics administration has cured the 
infection, but it is only true for 10–25% of all the 

cases. It is just a temporary measure to alleviate 
symptom or stop debilitation of the symptoms. 
Duggal et al. [188] reported that after treating 74 
infected patients with antibiotics in outpatient 
clinic, 58% of the patients recurred and 9% were 
re- hospitalized due to systemic problem.

Debridement, Antibiotics, and Implant 
Retention
This method is employed for acute postoperative 
or hematogenous infection without loosening of 
the prosthesis. Acute postoperative or hematog-
enous infections can be classified into superfi-
cial infections and deep infections, which are 
treated with antibiotics after debridement and 
implant retention. Debridement removes all fis-
tulas including subcutaneous fat and joint cap-
sule, resects skin margin in an elliptical shape, 
thoroughly cleans the wound. Appropriate anti-
biotics were prescribed. If there is no loosening 
of the prosthesis, prosthesis can be preserved. 
Debridement can be performed under arthros-
copy or open method. Arthroscopic debridement 
resulted in high recurrence rate. Most surgeons 
preferred open debridement.

The outcomes of debridement and drainage 
show great differences between authors. It 
depends on mode of infection, duration of infec-
tion, infected organism, and surgical timing. 
Mirra et  al. [189] and Chiu et  al. [190] have 
reported relatively high success rates of 100% 
and 70% in acute postoperative infection, 71% 
and 50% in acute hematogenous infection, 
respectively. Gardner et al. [191] reported a rein-
fection rate of 57%, while Silva et al. [192] have 
reported a poor success rate of about 33%. Such 
difference is closely related to which strain was 
infected. In the case of MRSA, Bradbury et  al. 
[193] reported a low success rate of 18% and 
argued that MRSA infection showed worse prog-
nosis regardless of its onset, so that the prosthesis 
must be removed if infected by the strains with 
strong toxicity, even in acute infection. 
Deirmengian et al. [194] reported success rate of 
35% in less toxic bacteria such as Staphylococcus 
epidermidis and streptococcus species and only 
8% in Staphylococcus aureus with strong toxic-
ity. It is also related to the timing of the surgery. 
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Comparing between within 2 weeks and thereaf-
ter in acute infection, Teeny et al. [195] reported 
that the success rate was high if the surgery was 
performed within 2 weeks, but 71% failed after 
2 weeks. Hartman et al. [196] stated that chronic 
infections over 4 weeks have a high risk of failure 
and should not be operated with debridement.

Various methods have been introduced to 
increase success rate of the surgical method of 
preserving the original prosthesis. Mont et  al. 
[197] have chosen a method of re-draping and re- 
wearing gloves when closing the surgical site 
after debridement. In addition, another surgical 
technique is to implant cement beads after 
debridement and remove those 1–2 weeks later 
via small incision. Estes et al. [198] reported suc-
cess rate of about 90% by performing secondary 
debridement within 7  days of inserting cement 
beads after initial debridement. Tsumura et  al. 
[199] reported the infection to be eradicated in 8 
out of 10 cases except 2 cases of MRSA after con-
tinuous irrigation for 10–14  days after debride-
ment until the culture is negative. Debridement is 
very vital in success of the surgery and it is crucial 
to remove infected tissue and pseudomembrane. 
Though the prosthesis is not removed, PE can be 
changed for easier debridement. However, if the 
implant-retention method fails, the prosthesis 
facilitates deeper invasion of bacteria and 
increases risk of recurrence.

One-Stage Reimplantation
In older and less active patients with susceptible 
acute infection, reimplantation can be sometimes 
performed immediately after removal of the pros-
thesis. This method has the advantage of reduc-
ing duration of the disease and time and cost by 
performing a single operation. However, while 
this method removes the prosthesis anyway, the 
success rate is lower than that of the two-stage 
reimplantation, which poses a limitation in its 
implementation. In comparative reviews by sev-
eral authors, Hanssen et al. [156] reported that the 
success rate was 74% when the prosthesis was 
immediately replaced and antibiotic- impregnated 
cement was used and 72% when reimplantation 
using cement without antibiotics is performed 
within 3  weeks after removal. The success rate 
was 88% when using cement without antibiot-

ics after 6  weeks and 91% when using antibi-
otic-impregnated cement after 6 weeks. Factors 
related to the success include onset of the symp-
toms within 4  weeks, Gram-positive bacteria 
susceptible to antibiotics, no osteomyelitis, well-
fixated prosthesis, and young and healthy patient. 
Though it has higher recurrence rate than two-
stage reimplantation, careful selection of patient 
and thorough debridement increase success rate 
of one-stage reimplantation up to 70–80%. For 
one-stage reimplantation, intravenous antibi-
otics injections are recommended for at least 
6 weeks. There are various methods to reduce the 
recurrence rate. Buechel et  al. [200] introduced 
a method of soaking the wound with povidone 
mixture for 30 min and injecting antibiotics intra-
venously before releasing tourniquet and closing 
the wound. Their method was able to eradicate 
infection in 91% of 22 patients in 10-year follow-
up, and argued that the patient’s health status was 
a very important factor.

Two-stage Reimplantation
Two-stage reimplantation is the gold standard 
treatment for PJI.  The surgery is performed in 
2 stages as it has significantly lower recurrence 
infection. In first surgery, a thorough debridement 
of necrotized tissue including pseudomembrane 
is performed along with removal of prosthe-
sis and cement. In 4–6  weeks after antibiotic- 
impregnated cement spacer and/or bead insertion, 
second stage surgery is performed based on clini-
cal symptom and blood test. Contraindication of 
the second stage reimplantation includes residual 
infection, extension mechanism disruption, and 
inability to withstand multiple surgery. The poor 
skin condition can be a relative contraindication 
as it raises risk of failure and must be treated with 
skin flap after consultation with plastic surgeon.

At first stage surgery, a meticulous and thor-
ough debridement should be performed. If the 
joint motion was restricted, a more extensile cap-
sular approach is recommended. If the prosthesis 
fixed firmly, maximum care must be exerted to its 
removal as it may not be easy and can accompany 
weakening and destruction of the bone. Thorough 
debridement of infected soft tissue and granula-
tion tissue after removal of the prosthesis and 
cement is essential to prevent recurrence of 
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inflammation and to obtain a good ROM. Debrided 
joint should be clean with copious saline or povi-
done mixed saline irrigation.

Antibiotic-impregnated cement insertion After 
the debridement, an antibiotic-impregnated 
cement is inserted. Role of antibiotic- impregnated 
cement maintains the length of the leg to ensure 
proper joint spacing during reoperation, facilitate 
reimplantation by minimizing contracture of soft 
tissue, increase the intra-articular concentration 
of antibiotics, eliminate dead space, and promote 
joint stability. Only antibiotics that are heat- 
stable and water-soluble are used, which includes 
gentamycin, cefazolin, tobramycin, and vanco-
mycin. Infection by tuberculosis can be treated 
with streptomycin. It is recommended to use sus-
ceptible antibiotics, but it is more common prac-
tice to use multiple antibiotics simultaneously 
due to uncertainty of the causative bacteria and 
multiple infection. Antifungal agent is to be used 
for fungal infection. As for the dosage of antibi-
otics, up to 3.0–4.0 gm of vancomycin or 3.6 gm 
of tobramycin can be mixed in each pack of 
cement (40 mg). The use of such high concentra-
tions of antibiotics does not seem to have a sig-
nificant effect on the body. Factors affecting the 
release of antibiotics from the cement include 
type and dose of antibiotics, type and surface area 
of   the cement. The time for the cement to release 
antibiotic properly after insertion varies from a 
day to 80  days after surgery, depending on the 
type of cement, type of antibiotic, and concentra-
tion of antibiotics. Palacos® is known to release 
antibiotics longer than any other cement, and 
high-dose tobramycin as well. Antibiotic- 
impregnated cement has cement bead type, static 
type, and articulating type. Cement bead is used 
to fill the dead space while static or articulating 
type cement is used in the space between femur 
and tibia. Selection of static type or articulating 
type depends on bone defect, soft tissue, neces-
sity of joint movement, utility of the cement 
product, and operator’s preference. Complication 
of antibiotic-impregnated cement includes insta-
bility, dislocation, prosthesis protrusion, over-
stuffing of joint spacing, and fracture.

Management between first stage and second 
stage surgery After the first stage surgery, 
patients with static type cement spacer are 
allowed of body weight loading only after wear-
ing an orthosis, and if the patient has articulating 
cement spacer, joint exercise is also conducted. 
Intravenous antibiotics must be used for at least 
4–6  weeks, and revision surgery is scheduled 
based on clinical symptom and hematologic 
 findings. If the infection does not subside after 
3  months, it is advisable to remove the cement 
and perform debridement again.

Follow-up of infection control and scheduling 
of second stage surgery In general, if the surgi-
cal scar has well healed, with no heat sensation or 
erythema at the surgical site and normal CRP and 
ESR, the infection is considered to have eradi-
cated. Mont et  al. [201] emphasized the use of 
bacterial culture and susceptibility tests with 
biopsy or articular puncture before the reimplan-
tation. In their work, antibiotics were stopped for 
4–6 weeks after 6 weeks of antibiotics adminis-
tration, and if the culture was negative, reimplan-
tation was performed; if the culture was positive, 
antibiotic therapy was performed again. Such 
treatment brought in better outcomes than reim-
plantation after 4–6 weeks.

Considerations before second stage sur-
gery Before second stage surgery, it must be cer-
tain that the infection is eradicated. If there are no 
conclusive findings of infection after inspection 
during surgery, reimplantation is determined 
based on microscopic findings of the tissue. It is 
called the Mirra criteria [189], which Mirra col-
lected synovial and capsular tissue debris from 5 
different areas and used them to study what 
caused the failure of original prosthesis by exam-
ining the type and number of cells, the presence 
of metal particles, and PE. Infection was highly 
suspected when there were more than 5 PMNL in 
high-power field. Therefore, the theory states that 
reimplantation can be performed only when the 
number of WBCs is less than 5 at high-power 
field in frozen section sampled from five most 
dirty areas.
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Second stage surgery The method of reimplan-
tation is basically identical to that of non- 
infectious reimplantation. The inserted cement is 
carefully removed without damaging the remain-
ing bone. After removing the cement, formation 
of a thin film can be identified. It is better to 
remove it as a whole, and if not possible, it is 
removed thoroughly using a curette. A thorough 
debridement of joint capsule and bone bed should 
be implemented to make clean joint. Bone defects 
management and ligaments reconstruction might 
be necessary after debridement. Constrained type 
implant may be used because bone defects and 
ligamentous imbalance during second stage sur-
gery may be more severe than expected. 
Antibiotic after surgery is to be used for 5–7 days 
until the bacteria culture result come in, and 
henceforth, use of the antibiotic depends upon 
results of the culture. However, in reimplantation 
due to infection, there are many arguments that 
the use of the antibiotic for 4–6 weeks is recom-
mended based on clinical and laboratory test 
results, as it is not a concept of prophylactic anti-
biotic treatment and a recurrence rate is reported 
to be about 10–15% even after the second stage 
surgery.

Outcome of two-stage reimplantation Two- 
stage reimplantation shows about 70–90% of 
success rate in eradicating infection, but it differs 
according to its strain. Kurd et  al. [202] have 
reported 27% of reinfection even after two-stage 
reimplantation, and if infected by MRSA which 
is resistant to antibiotic, reinfection is 3.7 times 
higher than infection by other strains. Mittal et al. 
[203] reported 24% of reinfection after perform-
ing two-stage reimplantation in 37 cases of 
MRSA and MRSE infection, which the outcome 
was worse than outcome of infection eradication 
without considering strain. Fungal infection has 
shown very dismal outcome; Azzam et al. [204] 
have reported that 10 out of 19 patients with fun-
gal infection still have required arthrodesis, 
resection arthroplasty, and amputation despite 
two-stage reimplantation. Therefore, one-stage 
reimplantation is not considered as an option in 
fungal infection, but two-stage reimplantation 
must be performed.

14.7.3  Instability After TKA

Instability is the second most common compli-
cation to cause revision TKAs. Although its’ 
definition is still on debate, instability after TKA 
generally can be defined as patient’s subjective 
feeling of the instability that can affect knee score 
and operator’s sense of knee instability on physi-
cal examination. Some researchers propose that 
some degree of laxity is considered normal up to 
2 mm medially and 3 mm laterally in extension, 
while in flexion, 3 mm medially and 4 mm later-
ally. Generally, patients with unstable TKA sense 
waddling while walking and experience dull pain 
around knee. Severe instability interferes walk-
ing, with joint swelling and dislocation if severe.

14.7.3.1  Classification
Classification of instability is described differ-
ently depending on the author. It may be classi-
fied depending on its direction: anteroposterior, 
varus-valgus, recurvatum, and global [205]. 
Anteroposterior instability is generally induced 
by flexion-extension mismatch. Anterior instabil-
ity may occur in presence of weakened quadriceps 
or subluxation-dislocation of patella. Flexion 
instability is diagnosed if anteroposterior dis-
placement of 5 mm or more or dislocation occurs. 
Flexion instability is also classified into symmet-
ric instability and asymmetric instability, and the 
symptoms may not be so distinctive than exten-
sion instability. Generally, flexion instability is 
based on 90-degree flexion, but flexion instability 
at 30 and 45 degrees flexion induces instability in 
mid swing phase, creating inconvenience in stair 
gait, which can also be classified as mid-flexion 
phase instability [206]. Varus- valgus instability 
is determined by tension of collateral ligament, 
balancing the knee in extension [207]. It can be 
further classified into symmetric or asymmetric 
instability. Extension instability is identified if 
the widening is more than 2  mm to the medial 
and 3 mm to the lateral in stress test. Symmetric 
instability shows both medial and lateral instabil-
ity commonly accompanied by genu recurvatum. 
Asymmetric instability is when instability exists 
in only lateral or medial (Fig. 14.43). Extension 
instability causes severe dysfunction and patient 
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feels even the mildest instability. Recurvatum is 
essentially when knee shows hyperextension of 
0° or higher and often results from a weak quad-
riceps muscle and the necessity of walking with 
hyperextension. However, it has been reported 
that the hyperextension is made about 9.5° at 
average after TKA. Clinically, genu recurvatum 
is diagnosed when hyperextension is 5° or greater 
or patient or examiner does not sense endpoint 
during extension. Multidirectional (global) insta-
bility is when two or more of the mentioned 
instabilities occur simultaneously.

14.7.3.2  Cause of Instability
Instability after TKA is caused by complex 
causes. It mostly consists of patient factors, sur-
gical factors, and postoperative factors. Most of 
instability is caused by wrongfully performed 
surgery, but it may also occur when muscular 
strength to support joint declines despite well- 
executed surgery, when the patient is too exces-
sively active after surgery or gets hurt, or when 
complications such as infection, loosening, or 
wear occur [208–210].

If the patient has already had severe instability 
before surgery and its correction is inadequate, 

instability may occur. If there is deformity or 
stiffness to other lower limb joint or if the patient 
is pathologically obese, abnormal stress is repeti-
tively forced onto knee joint, causing instability. 
CR type TKA performed in patients with RA can 
cause flexion instability due to weakening and 
loss of PCL.  Subsidence of tibia prosthesis in 
osteoporosis patient can cause instability similar 
to instability from using a thin PE. High risk of 
instability exists in case of neurologic or muscu-
loskeletal disease, soft tissue disease such as 
Ehlers-Danlos syndrome, weak quadriceps as a 
sequela of poliomyelitis, neuropathic arthritis 
[205, 211, 212].

Extension instability is further classified into 
symmetric instability and asymmetric instability. 
Both instabilities deteriorate with malalignment 
but disappear with correct alignment. Symmetric 
instability in extension occurs when excessive 
resection is made to distal femur or when pros-
thesis is too large, creating comparatively larger 
extension space. Excessive resection of distal 
femur is more complicated, requiring use of a 
block in femoral component to reduce extension 
gap. Asymmetric instability in extension usually 
occurs when collateral ligament is inadequately 

Fig. 14.43 Severe 
valgus instability is 
shown right side knee
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or excessively released. Flexion instability is also 
classified into symmetric and asymmetric insta-
bility. Symmetric instability in flexion is when 
flexion gap is widened. Especially when per-
forming PS type TKA, flexion gap becomes 
wider when resecting PCL.  If the prosthesis is 
small, flexion instability occurs. Even in CR type 
TKA, the dysfunction of the ligament due to its 
damage or severe degeneration can contribute to 
flexion instability (Fig.  14.44) [213–215]. 
Increased posterior tibial slope can be the cause 
of symptomatic flexion instability. Asymmetric 
instability in flexion is caused by insufficient col-
lateral ligament release or excessive release. 
Malrotation of the femoral prosthesis may cause 
asymmetric flexion instability. Mid-flexion insta-
bility occurs when there is instability at 30 and 45 
degrees flexion, especially when the anterior 
fiber of MCL is weakened. When instability fac-
tors of the above are combined or an instability 
lasts for a long time, it progresses onto multidi-
rectional (global) instability. Multidirectional 
instability occurs if both the extension and  flexion 
gaps are wide. Dislocation can be seen as a more 

severe state of such instability. Patellofemoral 
instability is generally caused by malalignment 
of prosthesis or imbalance of patella retinaculum. 
Malalignment of the prosthesis is more closely 
related to rotational alignment of femoral/tibial 
prosthesis. Computerized tomography is crucial 
in its diagnosis [216–218].

14.7.3.3  Diagnosis
Thorough history taking is crucial. Detailed his-
tory taking of initial cause for TKA, diagnosis, 
preoperative joint deformity and ROM, surgical 
history before TKA, surgical technique, used 
prosthesis, postoperative rehabilitation or his-
tory of trauma is required. It is crucial to iden-
tify accurate etiology of the instability in the 
patient by performing physical examination 
[219]. Though instability of artificial joint due 
to damaged MCL or dysfunctional PCL can be 
easily identified. However, if symptoms of the 
instability are unclear, if patient only complains 
of symptoms such as catching, giving way or 
anterior knee pain, or if the knee shows repetitive 
hemarthrosis or hemorrhagic exudate, accurate 
diagnosis is difficult. Therefore, valgus-varus 
stability must be measured in extension, 30° and 
90° flexion of the knee. Anteroposterior stress 
test must be performed in 90° flexion to assess 
flexion instability. Mid-flexion instability can be 
tested with external rotation-valgus stress test in 
flexion of 45–90°. Radiologic test includes knee 
AP, lateral, and patella axial view to confirm any 
position change of prosthesis and bone defect in 
anterior and posterior femur. In addition, it is to 
be performed to measure mechanical axis and 
anatomical axis with whole leg standing AP view. 
Patellar axial view is used to evaluate location of 
patella and its relative connection to trochlear 
groove of the femur. Radiologic finding with high 
risk of instability includes excessively resected 
posterior femoral condyle, inappropriate distal 
femoral resection, and interval between compo-
nents showing a large difference between weight-
bearing and non-weight bearing condition.

14.7.3.4  Prevention
In presence of neurologic or musculoskeletal 
disease or deformity or stiffness in other joint of 

Fig. 14.44 In the case of CR type TKA when PCL is 
damaged or has little function due to severe degenerative 
lesions, PCL is weakened and function is lost, which 
causes posterior instability during flexion
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lower limb, sufficient consideration and review 
should be undertaken before surgery. Such path-
ological factors are not contraindicated in TKA, 
but since the patient’s condition may worsen 
than before surgery if postoperative instabil-
ity appears, it is recommended to strictly apply 
the indications for the surgery in such patients. 
When selecting a prosthesis, it should be selected 
after considering degree of constraint such as 
constrained, semiconstrained, and unconstrained 
type. In the surgical technique, it is necessary to 
obtain a neutral alignment of the lower extremi-
ties and try to balance the extension and flexion 
during surgery.

Decision for implant choice is made by care-
ful consideration of the degree of restriction of 
articulation, such as constrained, semicon-
strained, or unconstrained. It is not recommended 
to use unconstrained prosthesis in patients with 
severe preoperative deformity or instability. In 
the case of severe deformity, the use of PS type is 
recommended because it is difficult to correct the 
deformity with CR type [94]. The use of PS type 
is also recommended because the PCL is weak-
ened during surgery in severe knee OA, or in the 
case of RA, the PCL function cannot be expected 
over time [212]. In cases where ligament function 
cannot be restored by general methods such as 
chronically stiffed knees, neuropathic arthritis, or 
ligamentous instability cannot be restored intra-
operatively, the quadriceps muscle strength that 
cannot overcome gravity, and the extension and 
flexion gap cannot be matched, hinged prosthesis 
as well as constrained prosthesis should be con-
sidered [220–222]. If the collateral ligament can 
be restored even with the constrained prosthesis, 
it is necessary to restore the collateral ligament as 
much as possible for stability and for long-term 
survival of the prosthesis [223]. Since the size of 
the prosthesis is closely related to the gap between 
flexion and extension, it is better to determine the 
implant size during surgery.

Lower extremity alignment and joint instabil-
ity are closely related [205, 224], but if the liga-
ment balance is inappropriate, malalignment may 
deteriorate instability. If femur and tibial prosthe-
sis forms anterior slope in sagittal plane, it can 
induce genu recurvatum. If rotational alignment 

in axial plane is not accurate, it may cause insta-
bility during flexion and mid-flexion. Therefore, 
besides coronal alignment, it is important to cor-
rect not only sagittal and axial alignment. 
Extension and flexion gap balance is important in 
obtaining a stable joint. There are several meth-
ods for evaluating extension-flexion gap balance. 
It is precise to use a gapper or tensioner to check 
extension and flexion balance. The balance is 
achieved when the extension and flexion gaps are 
the same or when tension is equal while stress is 
applied. A trial prosthesis can also be used for 
assessment for extension and flexion balance. 
After inserting the trial prosthesis, if the anterior 
part of the tibia is lifted off or if the prosthesis 
pulled out during flexion, or there is a limitation 
in flexion, the flexion gap is narrow, whereas 
when tibia prosthesis is inserted without any 
resistance, the flexion gap is wide. In knee exten-
sion position, hyperextension implies the exten-
sion gap to be wide, whereas if the flexion 
contracture remains, it means a narrow extension 
gap. Simultaneous wide gap in flexion and exten-
sion causes multidirectional instability. In this 
case, metal augmentation to the tibial prosthesis 
or exchange to thicker PE might be helpful.

14.7.3.5  Treatment
Treatment of instability after TKAs varies 
depending on the type and degree of instabil-
ity. If mild, conservative treatment is performed 
firstly. Mild instability is felt rarely, allowing the 
patients to live without much difficulty. If the leg 
waddles during the first walking after surgery, it 
is caused by muscular weakness, then rehabilita-
tion exercise or orthosis must be provided. Mid-
flexion instability is rarely felt by the patient. 
If the patient complains discomfort during stair 
gait, muscular strengthening training must be 
performed. If conservative treatment is failed, 
treatment may require revision surgery [207, 
211]. If there is anteroposterior instability dur-
ing flexion, the flexion gap must be narrowed. If 
severe, revision surgery can be performed with 
constrained prosthesis. In case of medial and lat-
eral instability, orthosis is recommended for the 
first 6  weeks after the surgery because it helps 
the fibrous healing of the soft tissue. However, 
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in most cases, revision surgery may be neces-
sary due to high risk of recurrence. Constraint PE 
or rotating hinge-type constrained prosthesis is 
commonly used in revision surgery.

14.7.4  Stiffness After TKA

Limited ROM causes dysfunction and deterio-
rates the patient’s satisfaction. Limited ROM can 
be classified into flexion contracture with incom-
plete extension (ankyloses in extension) and lim-
ited flexion with less flexion angle (ankyloses in 
flexion). Stiffness is not an uncommon compli-
cation that reported to occur in varying rate of 
1.3–12% and serves as 5.6–30% of complica-
tion that requires revision surgery [225–229]. In 
order to prevent stiffness, appropriate selection of 
patient and prosthesis and precise surgical tech-
nique is crucial, and aggressive postoperative 
pain control and motivation to rehabilitation are 
also necessary.

14.7.4.1  Definition
Definition of stiffness after TKA is somewhat 
controversial. It can be defined as flexion con-
tracture of 15 degrees or higher and/or maximum 
flexion of 75 degrees or less, depending on the 
author. It is otherwise variously defined as when 
ROM is 10–90 degrees, when flexion contracture 
is 20 degrees or higher with maximum flexion of 
45 degrees or less, when maximum flexion is 85 
degrees or less, or when maximum flexion angle 
is 70 degrees or less.

14.7.4.2  Cause
Factors affecting stiffness after TKAs include 
patient, surgical technique, chosen prosthesis, 
and postoperative pain management related fac-
tors. The most influential factor to postoperative 
stiffness is the ROM before surgery [230–232]. If 
the preoperative flexion is severely limited (if the 
flexion contracture is severe or the knee is stiff), 
regardless of how well the surgery is performed, 
the surgery would not provide the same outcome 
as a patient with normal ROM.  In the case of 
patients with an ROM of less than 75 degrees, it 
is difficult to obtain a flexion angle of more than 

110 degrees even after arthroplasty. Other patient 
factors include the type of disease, habit, depres-
sion, and low threshold for the pain.

One of the causes of flexion loss is flexion- 
extension gap imbalance. Use of thicker PE com-
pensated for widened extension gap, narrowed 
flexion gap due to oversized or posteriorly placed 
femoral prosthesis can cause bilateral collateral 
ligament to limit flexion. Incorrect position of 
femoral prosthesis can cause limited flexion. If 
femoral prosthesis is placed internally rotated, 
flexion can be limited along with malalignment 
of patella. Elevation of joint line due to excessive 
resection of distal femur can induce excessive 
tension in soft tissue during knee flexion and 
cause limited flexion. Malalignment of the patel-
lofemoral joint also reduces the ROM after sur-
gery. Anterior overstuffness, which caused by 
insufficient resection of the patella, anterior posi-
tioning of the femur prosthesis, and use of the 
large femur prosthesis, can limit the flexion by 
causing excessive tension in the extension mech-
anism [233, 234]. Tibial bone should be resected 
with posterior slope in sagittal plane and tibial 
component should be positioned with a posterior 
slope. Posterior osteophytes incompletely 
removed during the surgery can also induce lim-
ited flexion [235]. Extension loss is more influ-
enced by surgical technique than flexion loss. 
Permanent or excessive stiffness of knee flexor 
muscle can induce extension loss, but in most 
cases, it is because of insufficient release of soft 
tissues such as posterior joint capsule or insuffi-
cient resection of distal femur. Therefore, insert-
ing trial prosthesis to observe alignment, knee 
joint must be extended frequently to assess the 
degree of extension.

ROM can differ depending on the design of the 
prosthesis. PS type prosthesis is known to have 
wider ROM than CR type. Though ROM may be 
assumed to be wider in mobile bearing joint com-
pared to fixed bearing joint, no significant differ-
ence has been reported. In constrained prosthesis, 
extension, flexion, rotation, and varus- valgus have 
shown less motion, and high flex prosthesis has 
been introduced to supplement such disadvantage 
but there are still controversies whether high flex-
ion design increases ROM or not.
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Postoperative wound healing is closely related 
to ROM.  If hematoma is excessive or wound 
healing is impeded at the early stage, the pain 
hinders rehabilitation, limits ROM, and restricts 
exercise, resulting in further exercise restriction. 
In addition, if the patient does not take rehabilita-
tion sufficiently at the early stage of postopera-
tive management, it may cause limitation of 
motion. Infection, arthrofibrosis, and reflex sym-
pathetic dystrophy can be the cause of stiffness. 
Also, if ROM is limited after some time with 
excellent joint movement, infection, synovitis 
due to overuse, synovitis due to RA, and prosthe-
sis damage should be considered.

14.7.4.3  Treatment
Conservative treatment is firstly performed and 
if the desired ROM is not achieved through con-
servative treatment, adhesiolysis or revision sur-
gery should be considered. However, there is 
no guarantee of success if its cause is unknown. 
Aggressive physical therapy is necessary if flex-
ion contracture of 15 degrees or less and flexion 
of more than 90 degrees are not achieved until 
4–6 weeks after the surgery. Pariente et al. [236] 
and Daluga et al. [237] have revealed that flexion 
can be attempted during initial rehabilitation, and 
if flexion is 75 degrees or less after 6–12 weeks, 
brisement can be performed carefully under 
anesthesia for better outcome. Such treatment 
can reduce intra-articular adhesion and risk of 
permanent limitation in ROM. Adhesiolysis with 
arthroscope is the first step of surgical treatment. 
The procedure is optimal within 3–6 months after 
the surgery. It must be performed with care so 
that it may not damage the prosthesis. Diduch 
et al. [238] reported that arthroscopic adhesioly-
sis can achieve further ROM of 26 degrees, and 
Mont et  al. [239] have argued that adhesiolysis 
has brought in great outcome in patients with 
limited ROM but no radiologically abnormal 
finding. However, if a patient has flexion con-
tracture of 20 degrees or more and flexion less 
than 70 degrees, one must consider open adhe-
siolysis. Though open adhesiolysis can be per-
formed over a year, limited ROM is difficult to 
be resolved if not ultimately corrected with revi-
sion surgery. Nelson et  al. [232] reported that 

patient with flexion contracture of 15 degrees or 
more and flexion of less than 75 degrees showed 
improvement in ROM after revision surgery, but 
there was no difference in overall ROM between 
groups. Bellemans et  al. [240] have proposed 
4-stage treatment to correct flexion contracture: 
(1) mediolateral ligament balancing with resec-
tion of all osteophytes and overresection of the 
distal femur by 2 mm; (2) progressive posterior 
capsular release and gastrocnemius release; (3) 
additional resection of the distal femur up to a 
maximum of 4 mm; (4) hamstring tenotomy.

14.7.5  Periprosthetic Fracture 
After TKA

As more patients are receiving TKA due to a lon-
ger lifespan, prevalence of periprosthetic fracture 
is increasing. In periprosthetic fracture treatment, 
it is crucial to achieve bone union in adequate 
alignment without separation of the prosthesis 
and maintain ROM of the knee for 90 degrees 
or more. However, complications have been 
reported in 25–75% of the treatment for peripros-
thetic fractures. It is known that the results of con-
servative treatment are good in fractures without 
displacement, but in fractures with displacement, 
the result is poor due to the high incidence of 
complications. Since most of the patients are old 
and have osteoporosis, the bone quality is poor. 
Moreover, the size or amount of bone for internal 
fixation is insufficient due to prosthesis or bone 
cement. It proposes a great problem of treating 
the periprosthetic fracture while sparing function 
of prosthesis. Periprosthetic fracture includes 
femoral supracondylar fracture, proximal tibia 
fracture, and patella fracture, among them, femo-
ral supracondylar fracture is more common and 
difficult to be treated.

14.7.5.1  Cause
Systemic cause includes osteopenia or any fac-
tors that can induce osteopenia (RA, long-term 
steroid use, neurologic defect, etc.) and local 
cause includes surgical cause and postoperative 
cause. Periprosthetic fracture during surgery 
occurs when a guide rod is inserted incorrectly 
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in the femur, trial prosthesis is inserted with too 
small box cutting in PS type, or bone is weak 
due to excessive bone resection. Medial femoral 
condyle fracture is more common, it is because 
medial condyle width becomes relatively short at 
metaphysis and box cutting can make it smaller 
(Fig. 14.45).

Periprosthetic fracture after surgery is classi-
fied into factures with major trauma history such 
as fall or traffic accident and fractures due to 
repetitive stress and fatigue without major 
trauma. Anterior notching in the distal femur is 
one cause of postoperative fractures of the distal 
femur. Anterior notching is a stress riser because 
most fractures start from anterior notching at 
early recovery of the surgery, especially in 
patients with osteopenia. Lesh et  al. [241] 
reported 18% decrease in bending strength and 
39% decrease in torsional strength in presence of 
anterior notching. Zalzal et  al. [242] reported 
notching with 3 mm or more in depth above the 
tip of femoral prosthesis has higher risk of frac-
ture due to focused stress. Periprosthetic fracture 
around pin site used for navigation might be 
occurred, especially in patient with osteopenia. 
Excessively thick extension stem can induce end-
osteal thinning of reaming in which end of the 
stem may be stuck and induce fracture. If the 
tibial prosthesis is malpositioned or unskilled 
tibial tuberosity osteotomy can induce fracture at 
tibial side. Though patellar fracture can be caused 

by trauma, it is mostly due to stress fracture and 
sometimes asymptomatic (Fig. 14.46). Causes of 
fracture include excessive or insufficient patellar 
resection, bone necrosis due to excessive release 
of lateral patellar retinaculum, patella malalign-
ment, and patellar maltracking. Design of the 
patella prosthesis is closely related to fracture. 
The incidence of fracture has been high with sin-
gle hole at the center to fix patella prosthesis.

14.7.5.2  Classification

Femur
Rorabeck et al. [243] modified the classification 
based on Neer classification for its application to 
periprosthetic fractures (Fig.  14.47). Fractures 
without displacement are Type I, and fractures 
with displacement but stable prosthesis are Type 
II. Type II is further divided into A without com-
minution and B with comminution. In Type III, 
the prosthesis is unstable regardless of displace-
ment. Su et  al. [244] advocated a new, simple, 
but practical classification, taking into account 
that most fractures require surgery and the type 
of fixation used during surgery is important 
(Fig.  14.48). Su has classified fracture accord-

Fig. 14.45 The reason why medial condylar fractures 
occur more often than lateral condylar fractures in PS type 
TKAs. The bony cortex in medial (b) has thinner thick-
ness than lateral (a)

Fig. 14.46 Periprosthetic patella fracture

C.-W. Kim et al.



347

ing to its location. If a fracture has occurred on 
the upper part of the prosthesis, Type I, if started 
around the prosthesis, Type II, and if within the 
prosthesis, Type III.

Tibia
Felix et  al. [245] classified tibial periprosthetic 
fracture according to location of the fracture, 
loosening, and onset (Fig. 14.49). Depending on 
the fracture site, type I is a plateau fracture, type 
II is a fracture adjacent to prosthetic stem, type 
III is a fracture distal to stem, and type IV, a tibial 

tubercle fracture. The fracture onset is classified 
into intraoperative or postoperative fracture, and 
the classification according to the stability of the 
prosthesis is classified as A if it is stable, B if it is 
unstable, and C if it occurs during surgery.

Patella
Goldberg classification [246] is mostly used 
(Fig.  14.50); type 1 is a fracture that does not 
involve the prosthesis-cement composite and 
extensor mechanism, and type 2 is a fracture that 
involves the prosthesis-cement complex or the 

Fig. 14.47 Rorabeck classification in periprosthetic femoral fracture

Fig. 14.48 Su classification in periprosthetic femoral fracture
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extensor mechanism. Type 3A is inferior pole 
fracture without patellar tendon rupture while 
type 3B is inferior pole fracture with patellar ten-
don rupture. Type 4 is fracture-dislocation.

14.7.5.3  Treatment

General Principle of Periprosthetic 
Fracture Treatment
Goal of treatment of periprosthetic fracture is to 
return the knee joint function back before frac-
ture. Intraoperative fractures usually appear in 
split or bursting fractures. Treatment for frac-
tures with stable prosthesis can be largely clas-
sified into conservative treatment and surgical 
treatment. If conservative treatment is performed, 
there is a high risk of complications such as stiff-
ness or bedsores, moreover, treatment results 
are sometimes worse than surgical treatment. 
Fractures other than nondisplaced fractures or 
patella fractures usually require open reduction 
and internal fixation. Surgery is often preferred 
as it can restore alignment, allow early joint 
movement. If the prosthesis is unstable, revision 
arthroplasty combined with fracture treatment 
is required. In this case, advanced surgical tech-
niques are required.

Treatment Depending on the Fracture Site
Distal femur fracture Rorabeck Type I with no 
displacements and no abnormalities with the 
prosthesis can be treated with cast immobiliza-

tion. If the fracture is not linear, open reduction is 
often performed. In Rorabeck Type II with dis-
placement and no abnormality of the prosthesis, 
conservative treatment can be performed after 
reduction by manual reduction or traction, but it 
is mostly treated with open reduction and internal 
fixation (Fig. 14.51). In Rorabeck Type III with 
displacement and unstable prosthesis, revision 
surgery can be performed with an internal fixa-
tion after open reduction. If the fracture is 
severely comminuted, tumor prosthesis can be 
used as a primary choice. Acceptable range of 
malalignment in the femoral side is within 10 
degrees in the anteroposterior, varus-valgus, 
internal-external rotations, and the displacement 
is allowed 5 mm at the maximum. Various kinds 
of internal fixation devices can be used. Locking 
compression plate (LCP) is useful in fractures 
with osteopenia and has relatively excellent fixa-
tion power compared to other options. 
Intramedullary (IM) nails can also be performed 
on fractures, but the risk of nonunion and mal-
union is high. When using a metal plate, non-
union due to loss of fixation may occur. 
Autogenous or allogenic bone graft might be 
needed in comminuted fracture. Bone cement 
may be used if screw fixation is not applicable in 
severe osteoporotic bone. When using bone 
cement, it should be ensured that the cement does 
not get caught between the bone fragments and 
does not leak outside the cortical bone. It is pos-
sible to increase the fixation power when per-
forming bone graft or fixing it with cement with 

Fig. 14.49 Felix 
classification in 
periprosthetic tibial 
fracture
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a window in the condyle region [247] (Fig. 14.52). 
External fixation can also be used, but it has the 
disadvantage that the risk of infection is high and 
it is difficult to withstand the stress in osteopenia. 
If the prosthesis is unstable, revision arthroplasty 

is performed using a femoral prosthesis with a 
long stem. If the fracture is so severe that such 
prosthesis is impractical, allograft prosthesis 
composite (APC) or tumor prosthesis can be 
used.

Fig. 14.50 Goldberg classification in periprosthetic patella fracture
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Proximal tibial fracture Intraoperative frac-
tures are usually vertical fractures and have no 
displacement. It can be treated using lag screw 
fixation or conservatively. If there is a displace-
ment, the prosthesis with extension stem is 
inserted and the bone fragment is fixed with a 
screw. In Felix Type IV with tibial tuberosity 
fracture, conservative treatment is performed 
when displacement is not severe, and surgical 
treatment, if severely displaced. Fractures caused 
by high-velocity injury may be accompanied by 
nerve or vascular damage, and if so, emergency 
surgery is required.

Patella fracture Aim of treatment of peripros-
thetic patella fracture is to restore extensor mech-
anism. The treatment varies depending on 
comminution, remaining extension strength, sta-
bility of the prosthesis and whether patellar resur-
faced or not. Conservative treatment is 
recommended when the displacement is less than 
2  cm, extension mechanism is still intact, and 
there is no loosening of the prosthesis. If the dis-
placement is more than 2 cm, if extension mecha-
nism is severely damaged, or if prosthesis is 
unstable, a surgical treatment may be necessary. 
Even if the fracture gap is wide, the extension 
function can be restored to some extent if the 
medial and lateral ligaments are preserved. If the 
bone fragment is large, bone condition is good, 
and the prosthesis is stable, surgery is performed 
with a tension band wiring. If the bone fragment 
is small and bone quality is poor, removal of the 
small bone fragment and reinforcement of the 
extensor mechanism should be performed. If 
there is loosening of the prosthesis, the prosthesis 
can be removed and a partial or total patellec-
tomy is performed, and then allogeneic tendon 
can be used to reinforce the extension function.

14.7.6  Rupture of the Extensor 
Mechanism After TKA

Rupture of the extensor mechanism in a normal 
knee joint is easily treatable and the results are 
relatively good. However, rupture of the exten-
sion mechanism after TKA is difficult to be 
treated and the postoperative result is also poor, 
which is considered a catastrophic complication. 
It is so catastrophic that the contraindications 
for TKA include incompetence of the extensor 
mechanism, because active extension of the knee 
joint is fundamentally necessary for the prosthe-
sis to function properly. Therefore, the rupture 
of the extension mechanism must be restored 
[248]. Extensor mechanism of knee is composed 
of quadriceps tendon, patella, patellar tendon, 
and tibial tubercle. If any one of the components 
loses continuity, active extension of the knee 
joint becomes impossible [248]. After TKA, con-
sequent postoperative pain and weak extension 

Fig. 14.51 Operative treatment is needed in peripros-
thetic femoral fracture. AP and lateral X-ray show 
Rorabeck type IIA fracture

Fig. 14.52 Healy’s method that managed the fractured 
site using cement or bone graft
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may be confused with the rupture of the extensor 
mechanism, and it is critical to assess active exten-
sion of the knee, and all the components must 
be assessed with physical examination [248]. It 
must be assessed if knee can be extended actively 
in a high sitting position away from the ground, 
or if the patient can maintain knee extension after 
the examiner removes support to the affected leg. 
In a simple lateral radiographic image, it is nec-
essary to check whether the patella is at an abnor-
mally high or low position, and the patella should 
be evaluated with axial images.

14.7.6.1  Disruption of Quadriceps 
Tendon

Disruption of quadriceps after TKA is very rare. 
Dobbs et  al. [249] have reported incidence of 
0.1% after primary TKA. As its incidence is low, 
it is difficult to identify predisposing factor, but 
patient with RA, obesity, steroid use, and DM has 
higher risk [250]. Excessive resection of patella, 
extensile approach such as quadriceps snip or 
V–Y advancement flap, excessive manipulation 
after the surgery, and history of trauma during 
rehabilitation can be the cause of quadriceps ten-
don disruption [251].

Since its treatment is difficult, it is most 
important to avoid the preceding factors of the 
above and prevent it with meticulous surgical 
techniques. Disruption of quadriceps tendon 
should be distinguished of partial and complete 
tear. A partial rupture is when a new extension 
defect is palpable, but the active extension of the 
knee joint is weak, but still possible. In contrast, 
a complete rupture is incapable of active exten-
sion of the knee joint. It has been reported that if 
active extension of the knee joint is possible due 
to partial rupture, favorable results can be 
obtained with only non-surgical treatment [248, 
249, 252]. For non-surgical treatment, the knee 
should be immobilized at full extension for 
4–6 weeks and then carefully started with passive 
joint movement [249, 253].

In the case of a complete rupture in which 
active knee extension is impossible, surgical 
treatment is required, but it is difficult to obtain 
favorable results with only primary repair of dis-
rupted quadriceps. Dobbs et al. [249] reported re- 

rupture in 4 out of 10 cases of completely 
ruptured quadriceps tendon treated with primary 
operative repair. Therefore, an additional rein-
forcement is required after repair of completely 
ruptured quadriceps tendon. It can be reinforced 
with a hamstring tendon or synthetic material 
such as Dacron tape or Marlex mesh. After the 
surgery, a sufficient period of immobilization 
must be taken with extended knee joint [253, 
254]. It is also possible to reinforce with an 
allograft or to initially attempt reconstruction 
with only an allograft tendon. Achilles allograft 
or bone-patellar tendon-patellar-quadriceps ten-
don allograft can be used [248, 254]. Burnett 
et al. [255] reported favorable results by treating 
with allograft that includes all of the quadriceps 
(about 5  cm), patella, patella tendon, and tibial 
tuberosity (about 6–8 cm).

14.7.6.2  Patellar Tendon Rupture
The incidence of patellar tendon rupture after pri-
mary TKA is reported from 0.17% to 1.4% [256]. 
Patellar tendon rupture after TKA is uncommon 
but is a devastating complication [248, 257, 258]. 
As its incidence is low, it is difficult to clearly 
identify preceding factor, but excessive traction 
to the patella, chronic steroid use, trauma, mul-
tiple surgeries, impingement of tibia or patellar 
prosthesis, infection, and systemic diseases like 
DM and RA have been known for its cause [248, 
257]. Patellar replacement is not related to the 
incidence of patellar tendon rupture. Boyd et al. 
[259] reported that 3 (0.8%) out of 396 cases in 
replacement group and 2 cases (0.4%) out of 495 
cases in sparing group accompanied with patel-
lar tendon rupture, which were no significant dif-
ference. However, in theory, replacement group, 
especially when asymmetric or excessive patellar 
resection has weakened insertion of patellar ten-
don, has higher risk of patellar tendon rupture.

Orthosis or cast fixation is preferred for cases 
with capability of active extension of the knee. 
However, if the active extension is lost, surgery is 
necessary [253]. Primary repair can be performed 
with suture or staple or suture anchor in case of 
patella tendon rupture with intact periosteum. 
However, any rupture or avulsion occurred dur-
ing follow-up after surgery has bad prognosis 
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with only primary reconstruction. Therefore, 
additional reconstruction is necessary. Re-rupture 
after primary repair is highly likely even though 
reinforcing the tendon with reconstruction and 
lengthy immobilization. As for reconstruction, 
autograft or allograft can be used. Cadambi and 
Engh [260] have reported reconstruction using 
autograft semitendinosus tendon. As another 
attempt, Jaureguito et al. [261] have used medial 
gastrocnemius flap, while Zanotti et  al. [262] 
have reported their attempt of reconstruction 
using bone-patellar tendon-bone allograft to fix 
tibia with cortical screw and patella with interfer-
ence fit and suture.

14.7.7  Wear and Osteolysis

PE wear and osteolysis were the main causes of 
late failure of TKA in the past, but PE wear is 
no longer the major cause of failure [263]. Since 
joint motion of the knee is performed by complex 
movements such as rolling, sliding, and rotational 
motions, PE wear occurs through mechanisms 
such as delamination, pitting, and fatigue failure 
[264]. It can also appear as a third-body wear by 
bone cement or bone fragments [264, 265]. PE 
wear is affected by property of PE, surgical tech-
niques, and patient factors.

In terms of surgical technique, wear can be 
reduced only when proper alignment is made in 
the coronal, sagittal, and axial planes. Varus 
deformity more than 5 degrees in the coronal 
plane leads to PE wear. Excessive flexion of the 
femoral component, increase in the posterior 
inclination angle of the tibia prosthesis, hyperex-
tension in the sagittal plane, and joint line eleva-
tion more than 5 mm can also induce wear. The 
PE insert is mainly concave-shaped which 
increases the contact surface with the femoral 
component because flat shaped PE insert receives 
excessive stress per unit area, which can lead to 
wear. In the PS type TKA, wear or failure of the 
PE post may occur, and in the tibial component in 
which the locking device is unstable, backside 
wear may occur. In recent years, PE inserts have 
improved the position and design of the posts, 
and the locking mechanism for the tibial compo-

nent is being made firmly. It is manufactured with 
a thickness of at least 6 mm to avoid excessive 
wear or failure [265]. Sterilization using gas 
plasma or ethylene oxide is performed since the 
mechanical properties are weakened when the PE 
insert is sterilized in the air by gamma radiation 
due to oxidation. Recently, highly cross-linked 
UHMWPE has been used to reduce wear, and it 
is reported to reduce wear by 67–80% compared 
to conventional PE.  When gamma radiation is 
irradiated in a vacuum state, free radicals are gen-
erated in the PE chain and cross-linking occurs, 
resulting in a more stable structure, increasing 
resistance to wear. However, when the free radi-
cals remain, they react with oxygen to cause oxi-
dative denaturation, which is why heat treatment 
is performed to remove the free radicals. 
Annealing is a method of heating below the melt-
ing point, so the physical properties are less 
weakened, but free radicals remain, which may 
induce oxidation reactions. Recently, a second- 
generation highly cross-linked PE has been intro-
duced to compensate for the shortcomings of 
heat treatment. By adding an antioxidant such as 
vitamin E after irradiation, it was attempted to 
reduce the oxidation reaction without loss of 
fatigue strength, which is a disadvantage of heat 
treatment. In vitro studies have shown that PE 
wear is reduced by 86%, but long-term clinical 
follow-up is needed. Patient factors affecting the 
wear are age, sex, activity level, and obesity.

Osteolysis is thought to be an immunological 
reaction by wear particles in which bone tissue 
around the prosthesis is absorbed [266]. When 
wear particle generated by fine motor, corro-
sion, and oxidation are phagocytized by macro-
phages, inflammatory mediators are released 
and osteoclast is activated to induce bone 
resorption. Since most patients are asymptom-
atic in osteolysis, it is confirmed through radio-
logical examination. Though diagnosis is 
possible with a simple radiograph of the knee, it 
can be underdiagnosed by the shading of the 
prosthesis, which makes the location and extent 
of the bone loss should be evaluated through 
CT.  If surgical treatment is required for wear, 
only PE implant can be replaced if the prosthe-
sis is well aligned and stable. If osteolysis is 
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accompanied, only curettage can be performed, 
but better results in case of bone graft are being 
reported. In some studies, the revision rate 
within 5  years is reported as 15–28% [267]. 
Careful judgment is thereby required if there are 
misalignment, stiffness, or instability of the 
prosthesis. If osteolysis is severe, revision sur-
gery is required.

14.8  Summary

TKAs are one of the most successful procedures 
in all of medicine. The goal of TKA is to relieve 
knee pain, restore the function, and correct defor-
mity. Appropriate patient selection is necessary 
to achieve this goal. TKAs are mostly indicated 
for end-stage arthritis not responding to conser-
vative treatment or joint preserving procedures. 
However, neuropathic arthritis, severely anky-
losed knee, and paralytic knee are relative contra-
indications, and infected arthritis is an absolute 
contraindication of TKA.  In order to improve 
postoperative patient satisfaction and prevent 
complications, the patient’s physical and mental 
health status besides knee condition should be 
carefully examined prior to surgery, in addition 
to selecting the appropriate surgical indications.

Materials used for prosthesis are metal and 
plastic. These materials should be biologically 
inert. Several types of prosthesis were developed 
to simulate the function of the native knee joint. 
The type of the prosthesis is divided into CR or 
PS type depending on PCL retention and fixed or 
mobile type depending on the method of PE 
insert fixation. There is no significant difference 
in clinical outcomes or long-term survival rates 
based on prosthesis types. Depending on the sta-
bility of the knee joint during surgery, more con-
straint PE insert may be required. Malalignment 
or inappropriate soft tissue balancing are factors 
that have a negative impact on postoperative out-
comes. Therefore, the basic principle of perform-
ing TKA is to obtain proper soft tissue balancing 
and restoration of lower limb alignment. There 
are several ways to restore lower limb alignment, 
which include anatomical, mechanical, and kine-
matic alignment. Among them, mechanical align-

ment is the most widely used. Accurate bone 
resection is required to restore lower limb align-
ment, which is why various instruments and sur-
gical techniques are used. Proper soft tissue 
balancing is also an important factor in the suc-
cessful outcome of TKA.  In order to achieve 
proper balance, it is necessary to understand the 
anatomy and function of various soft tissues 
around the knee including tendons and ligaments. 
In addition, soft tissue release must be carried out 
meticulously and gradually to avoid over-release. 
The prosthesis size is selected to fit the patient’s 
joint size as much as possible, and the prosthesis 
is inserted by matching the coronal plane, sagittal 
plane, and rotational alignment. Fixation of the 
prosthesis is either cement or cementless type. 
The most widely used method for prosthesis fixa-
tion is cemented fixation.

Postoperative management is also important 
for patient satisfaction and clinical outcomes. 
Postoperative management includes pain man-
agement, DVT prophylaxis, surgical wound care, 
and infection prevention. Failure to control pain 
after surgery has a great effect on patient dissatis-
faction and function loss. It is necessary to under-
stand the cause and physiology of postoperative 
pain. Surgeon should appropriately utilize pre-
emptive analgesics, regional anesthesia, periph-
eral nerve block, periarticular injection, and 
multimodal analgesics to decrease a postopera-
tive pain. Symptomatic DVT or pulmonary 
thromboembolism is a serious complication after 
TKA. Considering the risk factors, nonpharma-
cologic measures and/or pharmacologic treat-
ment should be considered to prevent the 
occurrence of DVT.  Complications such as 
wound problem, periprosthetic deep infection, 
instability, periprosthetic fracture, extensor 
mechanism rupture, wear, and osteolysis may 
occur. The development of surgical techniques 
and materials has reduced complications after 
TKA, but PJI is still the most common cause of 
failed TKAs. PJI is a devastating complication of 
TKA. Prevention of PJI is important, but once it 
occurs, accurate diagnosis and prompt treatment 
are needed.

TKA is a successful surgical procedure for 
patients with knee OA.  Successful outcomes 
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require proper patient selection, preoperative 
planning, meticulous surgical techniques, and 
postoperative planned management. Surgeons 
should do their best to give patients the best 
results.
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Abstract

Osteoarthritis (OA) not only causes multiple 
problems such as pain, functional disabil-
ity, and impaired quality of life to individual 
patients, but also causes social problems such 
as reduced general health status, working abil-
ity, and increased cost burden. Health care 
providers try various interventions for knee 
OA primarily aiming at improving pain and 
function and correcting modifiable risk fac-
tors. The clinical presentation of knee OA 
varies substantially among individuals and is 
influenced by many factors. Understanding 
specific OA patterns and related factors is 
the basis for strategic approaches to a broad 
category of OA patients. A personalized 
care plan may enhance adherence and posi-
tively influence treatment outcomes by giv-
ing patients realistic and positive expectations 
for treatment efficacy. In addition, establish-
ing effective treatment strategies for OA is 
important as they may reduce both the indi-
vidual and social burden of OA. Although it 
is important for health care providers to per-
sonalize the treatment pathways based on an 
individual patient profile, these must be based 
on the existing evidence. In this regard, there 
are evidence- based guidelines providing rec-

ommendations to guide the clinical manage-
ment of knee OA. Implementation of clinical 
practice guidelines can reduce substantial 
variations in costs of care by reducing wide 
variations in care pathways while increasing 
patient outcomes. Every effort should be made 
for solving the barriers to the implementation 
of clinical practice guidelines. In addition, a 
coordinated, multidisciplinary team-based 
approach can provide care with clinical effec-
tiveness and cost-effectiveness.

Keywords

Knee osteoarthritis · Phenotype · Personalized 
care · Evidence-based guideline · Clinical 
practice guideline · Barriers to implementa-
tion · Multidisciplinary approach · Strategic 
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15.1  Introduction

Osteoarthritis (OA) is a leading cause of disabil-
ity worldwide [1, 2]. OA not only causes multiple 
problems such as pain, functional disability, and 
impaired quality of life to individual patients, but 
also causes social problems such as reduced gen-
eral health status, working ability, and increased 
cost burden [3–5]. With population aging, 
increased life expectancy, and the increasing 
prevalence of obesity of the global population, 
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it is widely accepted that the burden of OA will 
continue to increase [6]. Therefore, establishing 
effective treatment strategies for OA is important 
as they may reduce both the individual and social 
burden of OA [7].

OA is characterized by complex pathogenesis 
and may manifest at different anatomic locations. 
Among them, knee OA is the most common site 
of pain that makes people seek health care pro-
viders [8]. Pain is the main target of OA treatment 
and multiple factors are related to the develop-
ment of pain and its persistence [8–11]. As such 
related factors, painful stimuli to the periarticu-
lar structures and altered modulation of stimulus 
transmission act in concert with psychosocial 
and environmental influences [12, 13]. In addi-
tion, these factors and mechanisms often coexist 
in varying degrees among patients. Thus, patients 
with knee OA presents with varying degrees of 
joint pain and functional impairment. Target and 
individualized treatment in every clinical case are 
the base of the concept of personalized treatment. 
Identification of different disease phenotypes of 
OA and related factors is the basis for providing 
individualized therapeutic strategy to these broad 
category of OA patients [14].

The main goals of OA management are 
including pain relief, functional improvement, 
improvement of quality of life, and ultimately 
modification of the disease course. Given the 
current absence of effective disease-modifying 
treatments for knee OA, health care providers try 
complex therapeutic approaches primarily aim-
ing at improving pain and function and correct-
ing modifiable risk factors. However, the global 
results from the treatments are not satisfactory 
[15]. Clinical applications with non-targeted 
treatment induce low response rates, increased 
rate of adverse reaction and economic burden 
because knee OA is characterized with hetero-
geneous patient populations and disease progres-
sion [16].

To develop a realistic plan, it is important for 
health care providers to personalize the treatment 
pathways based on an individual patient’s dis-
ease characteristics, further, these pathways must 

be based on the existing evidence-based medi-
cine (EBM) [17]. In addition, these treatment 
pathways should be agreed upon with patients, 
considering their preferences, beliefs, and their 
bio-psycho-social context. An individualized 
therapeutic strategy may enhance adherence and 
positively influence treatment outcomes by giv-
ing patients realistic and positive expectations for 
treatment efficacy. Numerous therapeutic modal-
ities have been proposed for knee OA treatment. 
So far, these therapeutic modalities remain based 
on the individualized assessment of the patient, 
taking into account patients’ needs and prefer-
ences, or the subjective interpretation of the evi-
dence by the clinician. For the proof of efficacy 
of these, careful analysis of the clinical evidence 
allows to prioritize these therapeutic modalities 
and guide clinicians into progressive and logical 
therapeutic steps [18]. For the purpose of these, 
several evidence-based guidelines providing rec-
ommendations to guide clinical management of 
knee OA have been proposed [18–20]. Knee OA 
is a multifactorial disorder with various clini-
cal manifestation and different stage of disease 
progressing to a common end. Considering these 
characteristics of knee OA, traditional speciality- 
based therapy does not give patients therapeutic 
benefits. Therefore, a coordinated, multidisci-
plinary team-based approach can provide care 
with clinical effectiveness and cost-effectiveness 
[16].

In this chapter, we will explain the concept 
and effectiveness of the multidisciplinary team 
approach as a treatment strategy for knee OA, 
explain individual treatment methods for knee 
OA in accordance with the EBM, and describe 
the algorithmic treatment approach using inter-
nationally recommended guidelines. Finally, we 
will search the clinical phenotypes of knee OA 
and the proposed therapeutic modalities accord-
ingly, and we will describe the outcomes and 
their influencing factors of pain and structural 
change trajectories of knee OA. This knowledge 
will help establish a strategic approach to knee 
OA treatment and provide personalized health 
care.
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15.2  Changing Paradigm 
from a Discrete, Specialty- 
Based Service 
to Multidisciplinary Team 
Approach

The ongoing difficulty faced by health care pro-
viders is whether well-coordinated care plan 
with appropriate treatment to address multiple 
problems of patients with knee OA in a clear and 
well-managed fashion can be provided or not, 
under limited conditions. Care models consisting 
of discrete specialty-based services are difficult 
to address multiple problems, and have limitation 
on considering and reflecting the patient’s pref-
erences [16]. Inconsistent approaches by each 
professional may omit or delay referrals to appro-
priate experts, make patients exposed to multiple 
conflicting information, and necessary treatments 
may be omitted due to disconnection of informa-
tion, conversely, there is a possibility of being 
exposed to duplicate treatments, and patients 

experience a sense of disconnection in overall 
care. Consequently, these fragmented care can 
potentially increase the cost burden as well as be 
less effective for patients [21]. On the contrary, 
the multidisciplinary team approach can provide 
comprehensive care tailored to the patients’ needs 
and preferences [22]. In this approach, specialists 
and patients have a close working relationship 
and provide coordinated care and ongoing feed-
back on specific treatments, which are based on 
shared decision- making. A combination of health 
care professionals from multiple disciplines can 
effectively deliver coordinated information, meet 
the broad needs of patients, increase patient par-
ticipation and promote favorable behaviors [23]. 
As a member of the care team, patients play an 
active role in the choice of treatment choice, 
and these shared decision-making provide both 
patient and provider satisfaction, by improving 
decision quality, patient engagement, confidence, 
patient knowledge, and more efficient use of their 
time during their office visit [24] (Fig. 15.1).

Fig. 15.1 Proposed 
model of a 
multidisciplinary team 
approach. A 
multidisciplinary team 
was formed and 
diagrammed according 
to the resources 
available in the author’s 
institution, following the 
guidelines
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Therefore, a specialized unit that organically 
combines professionals with multiple disci-
plines, patients, facilities, and supports systems 
can achieve more effective symptom control, 
more customized treatment planning, and better 
functional outcomes [25, 26]. Patients may avoid 
confusion caused by exposure to various opin-
ions and information, safety issues such as over-
dosing occur due to overlapping care, cases in 
which necessary care is omitted can be avoided, 
and costs incurred in the overall service can also 
be reduced. Even if care is inevitable in different 
locations due to infrastructure problems, service 
continuity can be maintained and patients may 
feel themselves being supported through this uni-
fied treatment plan.

15.3  Clinical Practice Guideline 
(CPG) for Knee OA Treatment

Although a various combination of treatments is 
used for the treatment of knee OA, these must 
be based on a systematic appraisal of existing 
evidence. In this regard, several non-profit orga-
nizations published evidence-based guidelines 
providing recommendations to guide the clinical 
management of knee OA [17–20]. In this chap-
ter, the authors addressed the management plan 
for OA, focusing on the guideline published in 
2019 by the European Society for Clinical and 
Economic Aspects of Osteoporosis, Osteoarthritis 
and Musculoskeletal Diseases (ESCEO) [20]. 
For the recommendations or interpretation of evi-
dence conflicting on the same type of treatment 
plan, the authors also described the recommen-
dations suggested by the guidelines published 
over the last 3 years by the American College of 
Rheumatology/Arthritis Foundation (ACR) and 
Osteoarthritis Research Society International 
(OARSI) [17, 19, 20] (Table 15.1).

The guidelines have some differences in con-
tents depending on expert panel selection, quality 
of evidence assessment, reviewed literatures, vot-
ing procedures, etc. Most guidelines, however, 
agree in their core treatment recommendations 
focusing on exercise, weight management, and 
education for knee OA [27]. The guidelines then 

either outline treatment recommendations for the 
management of knee OA by sequential/staged 
approach or by disease and/or comorbidity 
group followed by core treatments [17, 19, 20]. 
Management of knee OA consists of a combina-
tion of non-pharmacological interventions includ-
ing a core set of initial measures/interventions 
and pharmacological interventions [20]. Surgical 
treatment is generally reserved for OA patients 
who do not respond to non- pharmacologic and 
pharmacologic treatment (Fig. 15.2).

15.3.1  Non-Pharmacological 
Treatment

Non-pharmacological interventions consist of 
modalities that can be used relatively safely com-
pared to pharmacological interventions or surgery 
[28]. It includes a core set including information/
education, weight loss if overweight, exercise 
program, and non-pharmacological background 
treatment such as knee braces, insoles, walking 
aids, thermal agents, mechanotherapy or manual 
therapy, bandage tape, hydrotherapy and aquatic 
exercises, and Tai Chi [20].

15.3.1.1  Core Set
The initial core set is based on education, infor-
mation, exercise, and weight loss if overweight/
obese [18, 29]. The treatments constituting the 
core set can be safely used in most patients and 
can be used in conjunction with other treatment 
modalities.

Education/Information
Patient education is an essential tool to optimize 
OA management. OA is a disease showing a 
chronic fashion, and education plays an impor-
tant role in promoting adequate self-management 
and adherence to overall care plan [18, 20, 30]. 
The effect sizes of these programs are generally 
small, but in addition to the pain and functional 
improvements, there are other benefits that can 
be obtained by participating in programs, and 
above all, risks are minimal [19, 31]. All patients 
with OA should be thoroughly assessed with 
regard to their knowledge about the disease and 
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Table 15.1 Differences in the level of recommendations for the nonsurgical management of knee OA in knee OA clini-
cal practice guidelines published within the last 3 years

Strength of recommendation*
Guideline 
publisher

ACR ESCEO OARSI

Core set Strong recommendation Strong recommendation Strong recommendation
Paracetamol Conditional 

recommendation 
(Short-term)
Conditional 
recommendation 
(Long-term)

Weak recommendation (Short-term)
Weak recommendation (Long-term)

Conditional 
recommendation against 
(Short-term)
Conditional 
recommendation against 
(Long-term)

Mind-body 
exercises

Strong recommendation 
(Tai-chi)
Conditional 
recommendation (Yoga)

Strong recommendation (Tai-chi) Strong recommendation 
(Tai-chi, Yoga)

Aquatic exercise Strong recommendation Strong recommendation Conditional 
recommendation

SYSADOSs Strong recommendation 
against (glucosamine, 
chondroitin sulfate)

Strong recommendation 
(pharmaceutical grade crystalline 
glucosamine sulfate and chondroitin 
sulfate)
Weak recommendation (avocado 
soybean unsaponifiables, diacerein, 
combined glucosamine, and 
chondroitin sulfate)

Strong recommendation 
against (All SYSADOAs)

Topical NSAIDs Strong recommendation Strong recommendation Strong recommendation
Conditional 
recommendation 
(Widespread pain)

Oral NSAIDs Strong recommendation Strong recommendation Conditional 
recommendation

Intra-articular 
hyaluronic acid

Conditional 
recommendation against

Weak recommendation Conditional 
recommendation 
(Long-term pain relief 
(4–6 weeks))

Intra-articular 
corticosteroids

Strong recommendation Weak recommendation Conditional 
recommendation (Acute 
pain relief (1–2 weeks))
Conditional 
recommendation 
(Short-term pain relief 
(4–6 weeks))

Opioids Conditional 
recommendation 
(Tramadol opioids)

Weak recommendation (Short-term 
weak opioids)

Conditional 
recommendation against 
(Non-tramadol opioids)

Weak recommendation (Classical 
oral or transdermal opioids)

Strong recommendation 
against (Oral or 
transdermal opioids)

Duloxetine Conditional 
recommendation (No 
recommendation in 
previous guideline)

Weak recommendation Conditional 
recommendation 
(Appropriate in previous 
guideline)

*The standards of strength of recommendation are different for each organization. ACR American College of 
Rheumatology/Arthritis Foundation, ESCEO European Society for Clinical and Economic Aspects of Osteoporosis, 
Osteoarthritis and Musculoskeletal Diseases, OARSI Osteoarthritis Research Society International
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Fig. 15.2 Updated ESCEO stepwise treatment algorithm 
for knee osteoarthritis [20]. COX-2 cyclooxygenase-2, CS 
chondroitin sulfate, CV cardiovascular, GI gastrointesti-
nal, GS glucosamine sulfate, IA intra-articular, NSAID 

non- steroidal anti-inflammatory drug, PPI proton pump 
inhibitor, SYSADOA symptomatic slow-acting drugs in 
osteoarthritis, OA osteoarthritis
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treatment alternatives, previous experiences with 
treatment, and expectations of current treat-
ment. In addition, patients with OA should be 
fully informed about the etiology of OA, risk 
factors (especially the ones that are modifiable 
and specific to the patient) and expected prog-
nosis [32]. Clear information about the treat-
ment options along with their benefits, side effect 
profile, patient-specific impairments and prefer-
ences, costs of interventions and local availability 
should be discussed also. Creating realistic and 
positive expectations for treatment efficacy may 
enhance adherence, especially to therapies that 
require lifestyle changes, and has been shown to 
positively influence treatment outcomes [33, 34]. 
Self-management education is a complement 
to traditional patient education [35]. It can be 
performed as part of cognitive–behavioral ther-
apy (CBT) session. It aims at teaching patients 
problem- solving skills and involves the concept 
of self-efficacy. This in turn gives patients con-
fidence in their capacity to carry out a particular 
behavior necessary to reach a desired goal.

ACR strongly recommends self-efficacy and 
self-management programs as part of educa-
tional interventions [19]. This is a very com-
prehensive program, covering sessions such as 
skill-building (goal-setting, problem-solving, 
positive thinking), education about the disease 
and about medication effects and side effects, 
joint protection measures, and fitness and exer-
cise goals and approaches. OARSI also includes 
education in core treatments, but it is said that 
there is insufficient basis for selecting detailed 
topics [17]. However, ESCEO and OARSI 
describes about its direction that education pro-
grams should provide necessary information 
about OA, learning self- care skills, and induc-
ing behavioral change in a positive direction, 
including lifestyle changes [17, 18, 20]. The 
EULAR guideline describes in detail the operat-
ing principles of the information and education 
program [30]. These education programs can 
be held in person or online because a substan-
tial part of the noncompliance with treatment, 
particularly when it comes to lifestyle changes, 

may occur due to the limited time that clinicians 
take to explain the purpose of the interventions 
and what the patient should expect in terms of 
pain relief. In this way, self-management edu-
cation can occur through several ways such as 
face-to-face meetings, group sessions, the inter-
net, and telephone-based sessions [28].

Exercise Program
ACR, ESCEO, and OARSI strongly recommend 
the need for structured exercise programs as core 
treatment regardless of age, severity of pain, 
degree of dysfunction, and comorbidity [19]. 
While patients and health care providers seek 
recommendations on the “best” exercise and the 
ideal dosage (duration, intensity, and frequency), 
current evidence is insufficient to recommend 
specific exercise prescriptions. Because the ben-
efit of exercise on pain and function is evident, 
clinical guidelines give strong recommendations 
that all patients should be encouraged to consider 
some form of exercise as a central part of their 
treatment plan [17, 19]. In order to find a method 
that suits the individual in the broad menu of 
exercises and encourage them to carry out regular 
and ongoing exercises, we must address the prob-
lem of barriers to participating in the exercise. 
Barriers to the implementation of guidelines will 
be covered later. The effectiveness of an exercise 
program is enhanced when patient preferences 
and access to exercise programs are considered, 
as well as when they are supervised or coupled 
with self-efficacy, self-management, and weight 
loss programs. Overall, exercise programs are 
more effective if supervised, often by physical 
therapists and sometimes in a class setting, rather 
than when performed by the individual at home. 
They also tend to be more effective when com-
bined with self-efficacy and self-management 
interventions or weight loss programs [19].

Weight Loss (if Overweight/Obese)
Although the characteristics of OA as an inflam-
matory disease are being revealed, maintaining 
ideal body weight is critical to preserve joint 
structures and improve symptoms as a mechani-
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cal factor [38–40]. ACR, ESCEO, and OARSI 
strongly recommend weight loss for overweight 
or obese patients in common [17, 19, 20]. Weight 
loss is an effective and safe core treatment that 
can be used effectively and safely in most knee 
OA patients, and it can be achieved by dietary 
control alone or along with an exercise program. 
Guidelines tried to suggest an appropriate goal 
of weight control, which is based on the results 
of research on the effect of weight loss in over-
weight and obese patients [41, 42]. In knee OA 
patients, a dose-response was observed between 
the amount of weight loss and symptom or 
functional improvement [41]. A difference was 
observed with only ≥5% of body weight change, 
but more than 10% was suggested as the goal of 
long-term weight control [40–42]. ACR empha-
sizes the role of weight management as one of 
the preventive strategies for OA in the absence 
of effective disease-modifying agents for OA 
[19]. Along with ACR, OARSI also emphasized 
the importance of dietary weight management in 
combination with exercise [17]. ESCEO has also 
emphasized the importance of weight loss from 
the prior version of the guideline published in 
2014 [20]. However, in the elderly over 75 years 
of age, attention is paid to the paucity of data 
regarding the risk and benefit of the progress of 
the diet program [20].

15.3.1.2  Knee Braces/Insoles/Walking 
Aids/Thermal Agents/
Mechanotherapy or Manual 
Therapy/Bandage Tape/
Aquatic Exercises/Tai Chi

In the National Clinical Guideline Center (UK), 
patients with biomechanical joint pain or instabil-
ity with OA should be considered for assessment 
for bracing/joint supports/insoles as an adjunct 
to their core treatment, and assistive devices (for 
example, walking sticks) and tap turners should 
be considered as adjuncts to core treatment for 
people with OA who have specific problems with 
activities of daily living [29].

ESCEO recommended that in Step 1 of back-
ground treatment and after adhering to the basic 
principle and core set, patients should be referred 
to a physical therapist or another specialist for 

assessment of whether correction for varus/valgus 
malalignment is needed [20]. Although evidence 
is insufficient, it is said that there is a theoretical 
rationale for the use of biomechanical interven-
tions such as braces and insoles because varus 
or valgus malalignment is a risk factor for knee 
OA and its progression, and walking aids can pro-
vide security to patients. Thermal therapy, manual 
therapy, and taping may also have evidence of 
efficacy. Mechanotherapy or manual therapy is 
referred to as (flexibility, mobilization, stretch-
ing) in the treatment algorithm, but ESCEO says 
that there is actually no basis for differentiation 
between different exercise modalities, and is con-
sidered to be in the context of including all types 
of exercise. On the contrary. OARSI strongly rec-
ommends against braces (realigning patellofemo-
ral, soft, varus/valgus unloading/realignment) for 
reasons of low- quality evidence or no efficacy 
[17]. Although insoles are conditionally recom-
mended in all comorbidity subgroups, referring to 
the fact that OARSI basically recommends against 
using any interventions graded as Level 3, Level 
4A, or Level 4B, it can be interpreted as generally 
not recommended [17]. Gait aids are conditionally 
recommended in all comorbidity subgroups [17]. 
Thermal therapy (hot or cold) is strongly recom-
mended against for low-quality evidence [17]. 
Mechanotherapy/Manual therapy (massage) is 
strongly recommended against for reasons of lack 
of evidence [17]. Taping (Kinesio taping/strap-
ping, patellar taping) is strongly recommended 
against because of its no efficacy [17].

In ACR, tibiofemoral knee braces are strongly 
recommended for patients with knee OA in 
whom disease in one or both knees are causing 
a sufficiently large impact on ambulation, joint 
stability, or pain to warrant use of an assistive 
device, and who are able to tolerate the associ-
ated inconvenience and burden associated with 
bracing [19]. A patellofemoral brace is condi-
tionally recommended for patients with patello-
femoral knee OA in whom disease in one or both 
knees is causing a sufficiently large impact on 
ambulation, joint stability, or pain to warrant the 
use of an assistive device. The reason is said to be 
due to the variability in results across published 
trials and the difficulty some patients will have in 
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tolerating the inconvenience and burden of these 
braces [19]. Insole is conditionally recommended 
against for no clear efficacy [19]. In ACR guide-
line, for example, cane is strongly recommended 
for patients with knee OA in whom disease in 
one or more joints is causing a sufficiently large 
impact on ambulation, joint stability, or pain to 
warrant use of an assistive device [19]. ACR 
makes a conditional recommendation for ther-
mal intervention for reasons of heterogeneity 
of modalities and short duration of benefit [19]. 
Manual therapy (lymphatic drainage, manual 
traction, massage, mobilization/manipulation, 
and passive range of motion) is conditionally rec-
ommended against for use alone for reasons of 
limited data and benefit and mentions that there 
are few studies related to exercise. The quality of 
evidence for kinesio- taping is poor but condition-
ally recommended for the advantage of permits 
range of motion compared to the brace fixed to 
the joint [19].

ACR, OARSI, and ESCEO all strongly recom-
mend Tai Chi as one of the mind-body exercises 
that constitute the exercise of core treatments 
[17–20]. For mind-body exercise, ACR gives 
strong recommendations for Tai Chi, taking 
holistic effects such as strength, balance, and fall 
prevention, and for yoga, it may help improve 
OA symptoms, but conditional recommenda-
tions are given due to lack of data. In addition, 
other mind–body practices are not assessed for 
reasons of insufficient evidence, as well as a lack 
of standard definition [19]. OARSI recommends 
structured land-based exercise programs (Type 
1—strengthening and/or cardio and/or balance 
training/neuromuscular exercise or Type 2—
Mind-body Exercise including Tai Chi or Yoga) 
as core treatment [30]. ESCEO incorporated 
mind-body exercises including Tai Chi and Yoga 
into the core treatment, highlighting the impor-
tance of the holistic wellbeing of the individuals.

The ACR guideline includes aquatic exer-
cise as a specific exercise program composition 
[17–20]. Unlike the aquatic exercise or Tai-Chi 
mentioned specifically in the prior guideline, the 
latest ESCEO recommendation says that there 
is insufficient ground to differentiate each exer-
cise modalities, and in fact, accepts all types of 

exercise [19]. For aquatic exercise, OARSI gave 
appropriate ratings in the prior guideline because 
it was helpful for pain and function, but now 
conditional recommendations were given while 
excluding them from core treatments for realistic 
reasons for accessibility issues, financial burden 
[18, 20]. In addition, subdividing the comorbid-
ity group, aquatic exercise is not recommended 
in patients with frailty due to potential risk of 
accidental injury.

15.3.2  Pharmacologic Treatment

Pharmacologic treatment can be used in com-
bination with or after a trial of non-pharmaco-
logic treatments, if satisfactory pain relief is not 
achieved with these measures alone.

15.3.2.1  Paracetamol 
(Acetaminophen)

Paracetamol (acetaminophen) is a widely used 
analgesic, but it has been reported to have mini-
mal effect on OA-related pain [43]. In addition, 
reports of hepatotoxicity, acute liver failure, gas-
trointestinal, cardiovascular and renal adverse 
events following chronic widespread and unre-
stricted use of paracetamol raise concerns about 
their long-term use [44–46]. Despite this ques-
tionable efficacy and confirmed safety issues, 
opinions on the criteria for their use vary among 
institutions [17, 19, 20]. In the short-term use 
of paracetamol, ACR limits the indication to 
the case where the use of NSAIDs is limited, 
whereas ESCEO suggests a limited use as a 
short-term rescue analgesic. In the long-term 
use of paracetamol, ACR conditionally recom-
mended its use on a regular basis if it is used 
under a specific dose while observing regular 
monitoring for hepatotoxicity, whereas ESCEO 
and OARSI avoid long-term use of paracetamol.

15.3.2.2  Symptomatic Slow-Acting 
Drugs for Osteoarthritis 
(SYSADOAs)

Symptomatic slow-acting drugs for osteoar-
thritis (SYSADOAs) is a class that includes 
glucosamine, chondroitin sulfate, avocado/soy-
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bean unsaponifiables (ASU), and diacerein [47]. 
Comparing to non-steroidal anti-inflammatory 
drugs (NSAIDs), the pharmacological effects of 
SYSADOAs are characterized by both a delay 
in the improvement of symptoms and a carry-
over effect of that improvement. Nonetheless, 
one of the main proposed advantages of these 
medications over traditional medical therapies 
is their safety profile [48]. Among SYSADOAs, 
diacerein is associated with significantly more 
adverse events than placebo, particularly regard-
ing the GI and renal and urinary systems. 
Therefore, the use of diacerein should be taken 
into account its benefit: risk profile according 
to individual patient characteristics. Currently, 
in the use of SYSADOAs, conflicting recom-
mendations are provided for each guideline, 
and continuous consensus is required [17, 20, 
49]. Background therapy with these products 
is recommended by ESCEO prior to the use of 
topical NSAIDs [20, 48, 50–52]. The ESCEO 
guidelines provide recommendations for the use 
of SYSADOAs, including strong recommenda-
tions for pharmaceutical grade crystalline glu-
cosamine sulfate and chondroitin sulfate and 
weak recommendations for avocado soybean 
unsaponifiables and diacerein; they also make a 
weak recommendation against the use of com-
bined glucosamine and chondroitin sulfate. 
The literature base evaluated by OARSI is the 
same as ESCEO, but they made negative recom-
mendations for all glucosamine and chondroi-
tin products (including pharmaceutical grade). 
ACR guidelines strongly recommend against the 
use of glucosamine and chondroitin sulfate for 
patients with knee OA [19].

15.3.2.3  Topical NSAIDs
Topical NSAIDs rather than oral NSAIDs are 
commonly used as first-line treatment for patients 
with mild knee OA. Topical NSAIDs can be used 
along with pharmacologic/non-pharmacologic 
measures and are a good treatment choice for 
long-term use with safety. Topical NSAIDs have 
similar efficacy and better safety profile com-
pared to oral NSAIDs [19, 53]. The risk of gas-
trointestinal, renal, and cardiovascular toxicity is 
much lower with topical NSAIDs as compared 

with its oral formulation [54, 55]. The tolerabil-
ity profile is also better with topical NSAIDs, 
with mild skin rashes being the most commonly 
reported side effect. ACR, ESCEO, and OARSI 
give strong recommendation to use of topical 
NSAIDs in knee OA. However, OARSI recom-
mended the use of topical NSAIDs with careful 
monitoring in patients with widespread pain, 
because there is a possibility of exceeding total 
recommended doses [17]. The choice of topical 
agent may vary according to local availability 
and cost.

15.3.2.4  Oral NSAIDs
Oral NSAIDs remain the mainstay of the phar-
macologic management of OA.  Oral NSAIDs 
are usually the initial oral medication of choice 
used in the case of inadequate pain relief after 
using non-pharmacologic treatments and topical 
agents used in conjunction with core treatments 
at the prior stage of treatment [17, 19, 20]. The 
use of NSAIDs in most patients is limited by the 
increased risk of serious gastrointestinal (GI), 
cardiovascular (CV), and renal complications. 
All non-selective NSAIDs and COX-2 inhibi-
tors have the potential for gastrointestinal and 
cardiovascular toxicity [56, 57]. In addition, all 
NSAIDs have shown an increased risk of acute 
kidney injury, which may be particularly high in 
the first 30 days after initiation of therapy [58]. In 
order to minimize toxicity, most guidelines rec-
ommend intermittent short- to mid-term use of 
all NSAIDs as required, in the minimal dose nec-
essary to control symptoms, should be preferred 
over long- term fixed doses [17, 19, 20]. The 
selection of appropriate NSAID has been driven 
by assessment of benefit: risk balance, in terms of 
variability in GI and CV safety profile between 
individual drugs, and individual patient charac-
teristics affecting risk of AEs. Regular monitor-
ing for the development of potential adverse side 
effects is also required [20]. ESCEO and OARSI 
specifically suggest/recommend a selection of 
appropriate oral NSAIDs according to patient risk 
profile [17, 20]. In general, ESCEO and OARSI 
recommend the use of nonselective NSAIDs with 
proton pump inhibitor (PPI) or selective COX-2 
inhibitors (with PPI) for patients with normal 
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GI risk or no comorbidity, and the use of selec-
tive COX-2 inhibitors with PPI for patients with 
increased GI risk is recommended. For patients 
with CV risk, ESCEO limits the use of any 
NSAIDs to <30 days for celecoxib, and <7 days 
for non-selective NSAIDs, and OARSI does not 
recommend the use of oral NSAIDs. For patients 
with renal risk, ESCEO recommends avoiding 
the use of NSAIDs.

15.3.2.5  Intra-Articular Hyaluronic 
Acid (IAHA)

Compared to intra-articular corticosteroids 
(IACS), the long-term safety profile of IAHA is 
superior to repeated IACS and the pain reduc-
tion was significantly better with HA supple-
mentation after 12  weeks while the maximal 
benefit of IACS appeared more rapidly (within 
2 weeks) [59, 60]. In addition, unlike the use of 
IACS, functional improvement is observed when 
using IAHA and has the effect of delaying the 
need for knee arthroplasty with an increase in 
the period during the repeated course of use [61, 
62]. Furthermore, in some symptomatic mild 
knee OA patients, knee cartilage preservation of 
IAHA has also been reported [63, 64]. Although 
the apparent benefits of IAHA in knee OA were 
reported in prior systematic reviews, numerous 
trials, and meta-analyses, the efficacy of IAHA 
injections in patients with knee OA still remains 
controversial. Consistent with the contradictory 
results from different meta-analyses, available 
guidelines also have conflicting recommenda-
tions, despite being based on the same research 
evidence. In the 2019 ACR revised guideline, 
IAHA is conditionally recommended against 
patients with knee OA because the use of IAHA 
for knee OA failed to establish a benefit and harm 
associated with injection and can be used when 
other alternatives have been exhausted or failed 
to provide satisfactory benefit [19]. The 2019 
ESCEO working group gives a weak recom-
mendation to the use of IAHA in patients who 
have contraindications to NSAIDs, or those who 
is still symptomatic despite the use of NSAIDs 
[20]. The 2019 OARSI guidelines conditionally 
recommended IAHA for all patients at different 
stages of treatment depending on their comor-

bidity profiles. For example, in patients with 
knee OA who have no comorbidities, IAHA is 
recommended after failure to respond to core 
treatments, topical NSAIDs, and oral NSAIDs 
(including COX2 inhibitors).

15.3.2.6  Intra-articular 
Corticosteroids (IACS)

IACS is mainly used as a short-term treatment of 
severe knee pain with acute onset [17, 20, 65]. 
Although lack of evidence in functional improve-
ment and benefits in a repeated course of use and 
long-term use have not been confirmed, IACS is 
more effective than IAHA in pain reduction in 
short-term use [66, 67]. When using IACS, the 
absence of concurrent infection in or around the 
joint and potential risk factors such as or allergy, 
coagulopathy/anticoagulant use, very poorly 
controlled diabetes, possible fracture, or unco-
operative patients should be checked [68]. ACR 
gives a strong recommendation to use IACS and 
describes IACS as a treatment modality suitable 
for all patient groups. ESCEO suggests the same 
patient population as IAHA as a condition for 
using IACS but gives weak recommendations 
for the use of acute and short-term pain relief in 
consideration of its relatively more effectiveness 
compared to IAHA during the first few weeks 
of treatment and its efficacy may be higher in 
patients with more severe pain [20]. OARSI also 
conditionally recommends the use of IACS for 
knee OA for acute (1–2  weeks) and short-term 
(4–6 weeks) pain relief [17].

15.3.2.7  Opioids
Opioids are considered as among the most effec-
tive drug for the treatment of acute severe pain and 
chronic pain related to advanced medical illness. 
However, the long-term administration of opioids 
continues to be controversial in terms of effective-
ness, safety, and abuse liability [69]. In addition, 
there are reports that opioids offer similar pain 
relief in OA patients even when compared to oral 
NSAIDs [70–73]. Nonetheless, there are circum-
stances in which tramadol or other opioids may be 
appropriate in the treatment of OA-related pain. In 
2019 ACR, considering potential adverse effects, 
the use of opioids in the treatment process of OA 
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is limited to specific circumstances, and if use is 
necessary, tramadol is conditionally recommended 
over non-tramadol opioids [19]. Tramadol rarely 
causes the adverse events of respiratory depression 
and physical dependence commonly associated 
with conventional opioid drugs, since its analgesic 
effects are through both weak opioid and non-opi-
oid mechanisms [74]. The 2019 OARSI strongly 
recommended against the use of opioids for the 
devastating potential for chemical dependency and 
limited or no relevant benefit on OA symptoms 
[17]. ESCEO gives a weak recommendation to the 
use of short-term weak opioids as a last pharma-
cological attempt [20]. In addition, in the case of 
classical oral or transdermal opioids, ESCEO gives 
a weak recommendation for its use in patients 
whom surgery is contraindicated or unwilling 
to undergo surgery [20]. The use of opioids has 
the potential for non-serious AEs such as pre-
dominantly drowsiness, nausea, and constipation, 
involves well-established risks such as respiratory 
depression, dependence, and has the potential for 
abuse. Therefore, if the use of opioids is necessary, 
the lowest possible doses for the shortest possible 
length of time are recommended [19].

15.3.2.8  Duloxetine
Duloxetine is a balanced and potent reuptake 
inhibitor of serotonin (5-HT) and norepinephrine 
(NE) [75]. Duloxetine can be used in the manage-
ment of chronic pain disease including OA and 
is associated with altered modulation of stimulus 
transmission such as central sensitization of noci-
ceptive pathway [13, 76–78]. However, current 
studies do not provide a true gold standard diag-
nostic or acceptable and valid criterion for cen-
tral sensitization. The ACR changed their opinion 
on the use of duloxetine from “no recommended 
(2012)” to “conditionally recommended (2019)” 
as a centrally acting agent with adequate evi-
dence [19]. The ESCEO gives a weak recommen-
dation to the use of duloxetine as an alternative to 
weak opioids in STEP 3 therapy and to the use of 
classical oral or transdermal opioids in end-stage 
knee OA patients for whom surgery is contrain-
dicated [20]. The OARSI conditionally recom-
mended the use of duloxetine in patients with 
widespread pain and/or depression [17]. Nausea 

was a common side effect, and fatigue, constipa-
tion, hyperhidrosis, somnolence, dizziness, diar-
rhea, insomnia, and dry mouth were also reported 
[79]. Nausea could be reduced through titration 
and administration of the medication with food 
[79, 80].

15.3.3  Surgical Treatment

Surgical treatment represented by total knee 
arthroplasty (TKA), unicompartmental knee 
arthroplasty (UKA), and osteotomy around 
the knee is generally reserved for refractory 
symptoms of knee OA. TKA is recommended 
for the first choice of surgery in severe end-
stage knee OA. However, there is a lot of con-
troversy in the isolated medical knee OA over 
which surgical method to choose. Pros and 
cons exist about the use of UKA versus TKA 
for isolated medial arthritis [81]. Moderate evi-
dence supports no difference between UKA or 
valgus producing proximal tibial osteotomy in 
outcomes and complications in patients with 
isolated medial knee OA [81]. For optimal out-
come and minimal risk of AEs on performing 
surgical treatment for knee OA, function-limit-
ing pain, range of motion, functional instabil-
ity, pattern of arthritis involvement, imaging, 
limb alignment, mechanical symptoms (menis-
cal tear of the loose body), age, health care sys-
tems (policy), and many other factors must be 
considered [82].

15.3.3.1  Total Knee Arthroplasty 
(TKA)

TKA is the definitive treatment/gold standard 
in patients with severe end-stage symptomatic 
knee OA who have failed to respond to non- 
pharmacologic and pharmacologic manage-
ment, and who have significant impairment 
in their quality of life [83, 84]. TKA provides 
marked pain relief and functional improvement 
in patients with severe knee OA [85, 86]. While 
knee replacement is the only option in patients 
with advanced knee OA, it is important to indi-
vidualize surgical decision-making with each 
patient, including an informed discussion of the 
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risks, benefits, and alternatives to surgery [82, 
84]. Fifteen to twenty percent of patients are 
dissatisfied with their outcome, usually charac-
terized by ongoing pain and poor function [87]. 
In addition, some patients who appear ready 
for a TKA may still improve with conservative 
therapy [86]. Following implantation, a 70-year-
old patient has a 5% lifetime risk of requiring 
revision surgery, but this risk increases substan-
tially with younger age groups [88]. The 10-year 
implant survival rate was 96.1%, and the 20-year 
implant survival rate was 89.7% [88].

15.3.3.2  Unicompartmental Knee 
Arthroplasty (UKA)

UKA can be used when the end-stage OA is 
limited to a single compartment such as medial, 
lateral, or patellofemoral compartment [89]. 
Historically, ideal candidates have been described 
as having isolated medial compartment disease, 
age greater than 60 years old, low levels of physi-
cal activity, weighing less than 82 kg, having a 
cumulative angular deformity of less than 15 
degrees, both cruciate ligaments intact, a preop-
erative range of flexion of 90 degrees, a flexion 
contracture of less than 5 degrees, minimal pain 
at rest, and no radiographic or intraoperative evi-
dence of chondrocalcinosis or patellofemoral OA 
[90]. However, many surgeons follow more lib-
eral criteria when considering UKA, and many 
of the traditional criteria are being expanded 
[91]. The advantages of UKA compared to TKA 
include lower mortality, shorter length of stay, 
lower complication rate (including thromboem-
bolism, myocardial infarction, and stroke), and 
a lower rate of re-admission, and greater cost- 
effectiveness [92, 93]. However, despite these 
advantages, UKA shows a lower implant survival 
rate and higher revision rate compared to TKA 
[91, 93–96]. Regardless, the absolute revision 
rates are relatively low, and UKA can be a good 
choice for carefully selected patients after a com-
plete discussion of the risks and benefits of UKA 
versus TKA.

15.3.3.3  Osteotomy Around Knee
Osteotomy around the knee continues to be a 
viable surgical option for younger, more active 

patients with predominantly unicompartmental 
disease [97]. In most cases, HTO is implemented 
in the varus knee and DFO in the valgus knee. 
Among surgical procedures for knee OA, there 
is some evidence for pain relief and functional 
improvement of HTO for medial compartmen-
tal OA [98–100]. Other benefits of this proce-
dure include preservation of knee anatomy, less 
restriction on function, and possible delay of need 
for arthroplasty [101]. Its use is restricted for 
people with unicompartmental knee OA (often 
varus malaligned) as the procedure induces a 
load transfer from the diseased compartment to 
the healthy compartment [100]. Comparing the 
ideal indications for UKA and HTO for medial 
knee OA, HTO allows improved activity for 
younger patients, whereas UKA is more suitable 
for older patients because of the shorter reha-
bilitation time and faster recovery period [102, 
103]. Disadvantages of osteotomy include longer 
time to heal, possible nonunion may occur neces-
sitating further surgery, incomplete pain relief, 
and increased complexity if later arthroplasty is 
needed [104, 105]. Moreover, TKA patients with 
a previous HTO are more likely to need an even-
tual revision of their TKA [106].

15.3.4  Clinical Practice Guidelines 
(CPG) for Knee OA Treatment: 
Barriers to Implementation 
and Its Solutions

A clinical decision is needed to select the appro-
priate treatment for the individual patient with 
knee OA. The judgment of clinical appropriate-
ness should be based on EBM, and CPGs are a 
way to support the use of EBM in clinical prac-
tice. CPGs are statements that include recom-
mendations intended to optimize patient care that 
is informed by a systematic review of evidence 
and an assessment of the benefits and harms of 
alternative care options [107]. The CPGs aim to 
guide clinicians in selecting the best care, tak-
ing into account the benefits and harms of treat-
ment and the strength of the recommendations 
appraised [108]. Non-profit organizations or sci-
entific communities, such as, ACR [19], OARSI 
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[17], ESCEO [20], NICE [29] and AAOS [109], 
have proposed numerous recommendations for 
OA treatment. These recommendations are simi-
lar in general consistency though there are subtle 
differences in the interested joints and the types 
of suggested treatments. Despite general consis-
tency among recommendations, clinical practice 
does not reflect these recommendations [110]. 
In a national survey study performed in Norway, 
the degree of implementation of recommended 
care for OA is reported as under 50% [111]. 
Meiyappan et al. [112] performed a retrospective 
study to determine how closely orthopedic physi-
cians adhered to the recommendations included 
in AAOS CPGs for nonoperative management 
of knee OA. This study showed that intraarticu-
lar injection with either corticosteroids or hyal-
uronic acid was the most common intervention 
(32%) despite inconclusive to a strong recom-
mendation against their use, and concluded that 
adherence to the recommendations contained 
within the AAOS CPG for nonoperative treat-
ment of knee OA was modest. Lack of adherence 
to CPGs for OA treatment is more prominent in 
non-pharmacologic treatment [113]. Three basic 
issues in influencing the uptake of evidence in 
clinical practice are quality of evidence, barriers 
and facilitators to changing practice, and effec-
tive dissemination and implementation strate-
gies [114]. Among them, suboptimal uptake of 
GCPs in clinical practice due to a problem with 
dissemination and implementation rather than a 
lack of quality of evidence [27]. Therefore, the 
reasons for the gap between CPG recommenda-
tions and clinical practice should be investigated 
and solved for improving health care in knee OA 
treatment.

The reasons for low adherence to CPGs are 
likely multifactorial. Barriers to the imple-
mentation of CPGs exist within the patient, 
professional, health care team, health care orga-
nization, and socioeconomic environment [114]. 
Loyola- Sanchez et  al. [115] reported three bar-
riers for implementing the guideline to clini-
cal practice in the Mexican health care system, 
which were individual (limitations of clinician 
skills, patient beliefs), organizational (insuffi-
cient time and inefficient referral process), and 

system (inadequate model care) related barriers. 
By involving patients in health care assessments, 
researchers may get more valid information 
on the most demanding tasks in everyday life 
for the patients [111]. Barriers to implementa-
tion of CPGs from the patient’s perspective are 
negative experience with drugs, patients’ lim-
ited comprehension of the disease process, and 
poor communication by the health care profes-
sional [116]. Selten et  al. [117] reported that a 
lack of expertise of the health care provider, lack 
of evidence-based treatment, and suboptimal 
organization of care as three main barriers to the 
provision of non- pharmacological, non-surgical 
care for knee OA. As a solution to this, educa-
tion focused on initiating and supporting lifestyle 
changes, promotion of interventions according to 
evidence- based recommendations, and improved 
organization of care were proposed. One of the 
problems faced by most general practitioners in 
the management of OA patients is time pressure 
and achieving adequate pain control, whereas 
more time with patients, collaboration with spe-
cialist colleagues, and improved communication 
tools were the most common needs identified to 
improve OA management. The composition of a 
multidisciplinary team, more time to see patients, 
and a coordinated care model can be tried to 
improve the dissemination of CPGs [118]. There 
are also areas that need improvement in the guide-
lines themselves. The contradiction between the 
guidelines and poor description for some treat-
ment methods may cause uncertainty about the 
therapy and hinder appropriate decision- making. 
For this, a standard and appropriate methodology 
for developing OA CPG and further research are 
required [108]. Clinical algorithms helping the 
clinician to visualize the patient flow and tim-
ing of different treatment modalities are useful 
for osteoarthritis guideline dissemination. As the 
guidelines are revised, suggesting a treatment 
algorithm and adding considerations for comor-
bidities can be a way to help health care providers 
of guidelines quickly and easily set up a care plan 
[119]. Socioeconomic and political factors are 
also important. Eliminating unproven procedures 
and reducing needless costs is necessary for the 
improvement of the health care quality and reduc-
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tion of the health care cost overall. In this regard, 
economic considerations are needed when devel-
oping a CPG.  Financial incentives through pay 
for performance appear to be stronger drivers of 
adherence to CPGs than attitudes toward them 
or their general accessibility [120]. Optimizing 
the dissemination of CPGs requires improved 
reimbursement systems, and better promotion 
and educational initiatives for both patients and 
medical professionals. Further, a particular focus 
of education should include eliminating misin-
formation about OA [121].

15.4  Personalized Health Care 
(PHC) as Strategy for Knee 
OA Treatment

15.4.1  Identification of Clinical 
Phenotype of Knee OA and Its 
Application to PHC

Knee OA was once known as “wear and tear dis-
ease” simply, but is now considered a complex 
and “heterogenous disease” with various char-
acteristics that include diversities in etiology, 
disease progression, clinical features, biochemi-
cal characteristics, and responses to treatments 
[122]. OA is mostly regarded as a final common 
pathway of joint destruction for multiple different 
pathophysiologic etiologies. Therefore, knee OA 
can be defined as a group of diseases, conditions, 
or subsets with a common endpoint. Moreover, 
OA is not a static disease, but a dynamic dis-
ease with discernable characteristics during the 
various stages of the disease [123]. The hetero-
geneity of knee OA makes the outcome from cur-
rent therapies disappointing because it includes 
patients with various phenotypes at different 
stages of disease progression. Therefore, it is 
necessary to differentiate between discernable 
clinical and etiologic phenotypes, especially in 
the early stages of the disease, for adequate strati-
fication of OA [124].

Phenotype is defined as any observable prop-
erties of a living organism that are produced by 
the interactions of the genotype and the environ-
ment. Further, a phenotype may be any observ-

able characteristic or trait of a disease, such 
as morphology, development, biochemical or 
physiological properties, or behavior [125]. In 
clinical medicine, patients with common char-
acteristics are often grouped together to guide 
therapy and improve management. Phenotyping 
is very useful for studying, diagnosing, and 
treating any disease, particularly those that are 
inflammatory and degenerative nature. Clinical 
phenotypes are the most common method of 
subgrouping for the purpose of providing a 
personalized medicine (PM) or personalized 
health care (PHC) for knee OA [126]. PHC is 
customizing a treatment as individualized as the 
disease, based on the patient’s phenotype. PHC 
does not search for a novel therapy for patients, 
but stratify individuals into subpopulations that 
vary in their response to a therapeutic agent for 
their specific disease. Non-PHC (One-Size-Fits-
All) approach may lead to drug toxicity, severe 
side effects, and increasing health care costs. 
The concept of PHC is ‘the right drug, with the 
right dose at the right time to the right patient’. 
Thus, PHC offers improved medication selection 
and targeted therapy, reduced adverse effects, 
increased patient compliance, and improved 
cost-effectiveness [127].

Karsdal et  al. [123] proposed a simplistic, 
conceptual idea that identification of phenotype 
helps PHC approach to knee OA treatment. They 
divided knee OA into three different subtypes 
(bone, cartilage, and inflamed synovium) based 
on the most actively involved joint tissue or the 
tissue with the prominent manifestations [128]. 
Patient phenotype 1: Traumatic OA, in the early 
disease course most likely involving a high level 
of protease activity destroying the cartilage sub-
sequent to cartilage injury. These patients might 
benefit from a protease inhibitor treatment tar-
geting cartilage lesions. Patient phenotype 2: 
Generalized OA, with high turnover of bone 
and progression of cartilage damage character-
ized by an intimate relationship between bone 
and cartilage in the pathogenesis of OA.  These 
patients may benefit from an anti-resorptive 
treatment inhibiting bone resorption and sub-
chondral bone turnover. Patient phenotype 3: 
Episodic subacute and acute inflammatory events 

15 How to Make a Strategy for Knee Arthritis Treatment



380

progressively worsen the disease. Specific anti-
inflammatory therapies might be helpful because 
macrophages in inflamed synovium play a role in 
this process. Thus, these three different pheno-
types of OA would require different therapeutic 
approaches and one treatment may be successful 
in one patient population or may fail in another. 
As result, targeting a specific disease phenotype 
with the appropriate treatment would be expected 
to result in far higher response rates [123].

15.4.2  Pain and Structural Change 
Trajectories in Knee OA: 
A Guidance to PHC

Knee OA is structurally characterized by pro-
gressive hyaline articular cartilage destruction 
accompanied by changes in subchondral bone 
and synovium. Knee OA patients may experience 
arthritic symptoms such as pain and functional 
limitation with structural deterioration. Structural 
deterioration and symptoms are thought to grad-
ually and consistently worsen over time [129]. 
Symptoms and structural changes in knee OA are 
interconnected but do not match up one-to-one in 
individual patients. Dieppe et al. [130] reported 
there was no correlation between radiographic 
and clinical changes and concluded that radio-
graphic change may not be a good surrogate for 
clinical outcome in established OA. Peters et al. 
[131] reported that generally pain and disability 
in knee OA were worsened over the 7 years, but 
29% of those initially reporting knee pain respec-
tively had improved. They concluded that OA 
does not invariably deteriorate but social as well 
as biological factors were associated with greater 
deterioration for knee OA.  Felson et  al. [132] 
showed that only 4.1% of OA patients without 
symptomatic OA and up to 13.7% with incident 
OA progress over a 1-year period and concluded 
that structural progression fits a pattern of inertia, 
in which knees with recently developed OA are 
more likely to develop X-ray progression than 
knees that have been stable. These studies of 
symptomatic and structural progression suggest 
that knee OA may have diverse disease trajec-

tories over time. The ability to characterize and 
predict OA progression could improve the design 
and efficacy of studies investigating treatment 
and prevention strategies. Further, it could facili-
tate the development of novel treatments, which 
may be effective for fast, but not slow progres-
sors, or vice versa [133]. Therefore, factors that 
trigger the transition from stable disease to pro-
gression should be sought. As result, it is essen-
tial to identify the drivers of disease progression 
in order to develop effective interventions [134].

Knee pain is a major cause of OA patients 
seeking medical care. The pain caused by knee 
OA is not always constant but varies depending 
on the patient’s characteristics and the disease 
progression. Many studies of pain progression 
suggest that knee OA may have diverse pain 
trajectories over time [14, 134–138]. A better 
understanding of the characteristics and trajec-
tories of pain caused by knee OA will reduce 
unnecessary treatment, reduce the adverse 
reaction, and provide cost-effective treatment. 
Moreover, such understandings would offer 
important insights into disease prognosis and 
would help make treatment plans. Nicolls et al. 
[135] studied pain trajectory groups from the 
knee OA population in UK and USA at 18-month 
intervals for up to 6 years. They reported study 
population are grouped to mild, non-progressive 
(35%), progressive (28%), moderate (22%), 
improving (12%), and severe, non-improving 
(3%). They concluded that pain trajectories of 
knee OA are not slowly progressive but it has 
mild, non- progressive, or improving symptom 
trajectories. Collins at al [134]. conducted a 
multi-center, longitudinal study of subjects from 
the Osteoarthritis Initiative (OAI) to describe 
pain trajectories and risk factors assessing pain 
annually for 6 years. They found 5 distinct pain 
trajectories, such as no pain (11%), mild pain 
(35%), low moderate pain (32%), high moder-
ate pain (17%), and severe pain (6%). None of 
the trajectories exhibited substantial worsening. 
Higher KL grade, obesity, depression, medical 
comorbidities, female sex, non-white race, lower 
education, and younger age were associated with 
trajectories characterized by greater pain. They 
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concluded knee OA is characterized by persis-
tent rather than inexorably worsening symptoms. 
Bastick et al. [137] conducted to define knee pain 
trajectories in early symptomatic knee OA using 
5  years of data from the CHECK study. They 
identified 6 distinct pain trajectories such as 
constant mild pain (26.3%), moderate regression 
(29.4%), major regression (3.3%), severe pro-
gression (4.9%), moderate progression (25.5%) 
and constant severe (10.5%). They reported that 
higher BMI, lower level of education, greater 
comorbidity, higher activity limitation scores, 
and joint space tenderness were more often asso-
ciated with trajectories characterized by more 
pain at first presentation and pain progression. 
Trouvin et al. [139] studied daily pain trajectory 
in knee OA patients over 1  month period and 
identified relationships with patients' character-
istics. The results showed that daily pain trajec-
tory was stable in 59.5% of patients but unstable 
in 40.5% of patients. Factors associated with 
stable daily pain trajectory were a more recent 
disease, morning stiffness ≥15  min, and flare-
up. Previtali et  al. [14] conducted a systematic 
review to analyze pain trajectories in order to 
identify the predictors of specific pain trajecto-
ries in patients with knee OA and to provide a 
characterization of patients with different pain 
progression. Their result showed that daily knee 
OA pain trajectories were unstable in almost half 
of the patients but in the mid-term, knee OA had 
a steady pain trajectory in 85% of the patients, 
8% experienced pain reduction, while 7% expe-
rienced pain worsening. They also reported that 
factors related to severe/worsening pain were 
low education, comorbidities, and depression. 
However, age, alcohol, smoking, pain coping 
strategies, and medications were not related to 
pain evolution, and conflicting/no evidence was 
found for all joint-related factors, such as base-
line radiographic severity. These studies show 
that there are distinct pain trajectories in knee 
OA. In the past, knee OA symptoms have been 
known to worsen over time, but in recent stud-
ies, some pain symptoms in knee OA are mild, 
non- progressive, and sometimes improved. Like 
this favorable prognosis, preventing unnecessary 

costs and harms associated with over-diagnosis 
and over-management are very important. From 
these studies, a clinician must differentiate those 
patients who require a more specific approach 
in the management of early symptomatic knee 
OA from those for whom a ‘wait-and-see’ policy 
seems justifiable [137]. A better understanding 
of pain trajectories will be one of the treatment 
strategies to provide PHC in knee OA patients.

Knee OA is characterized by a slow, pro-
gressive structural damage in hyaline cartilage. 
The mean estimated annual joint space nar-
rowing rate measured in simple radiography 
was 0.13  ±  0.15  mm/year [140]. In knee OA 
treatment, it has been focused on treatment to 
improve symptoms so far, but interest in disease- 
modifying osteoarthritis drugs (DMOAD), 
which improves damage to the joint structure, 
is currently increasing. Considering the treat-
ment of knee OA with DMOADs, it is helpful 
to understand the trajectory of structural dam-
age to the articular cartilage. Knee OA does not 
always deteriorate structural damage. Felson 
et  al. [132] reported that for knees that have 
been experiencing radiographic deterioration at 
least in terms of joint space narrowing, there is 
likely to be further worsening defined as further 
narrowing for 12 and 24 months afterward. On 
the contrary, for knees with a disease that has 
been stable, it is likely that they will remain 
stable. Bartlett et  al. [141] studied to identify 
common patterns of joint space narrowing over 
2  years period. They reported that most (70%) 
people with OA demonstrated no significant 
joint space narrowing (JSN) over 2 years; 20% 
showed slow progression, 7% had moderate, and 
2% had rapid JSN.  Progressors tended to have 
less joint space widening at study entry and were 
older and heavier; rapid progressors were more 
likely to be men. Halilaj et al. [133] studied to 
predict knee OA progression over 8 years. The 
results showed that JSN was progressive in 29% 
but non- progressive in 71%. JSN over the course 
of 8 years was not accompanied by worsening of 
pain. Thus, understanding of structural change 
trajectory helps the development of DMOAD 
therapy and clinical study.
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15.4.3  Phenotypes in Knee OA 
as Background for PHC

Identification of knee OA phenotypes allows 
targeted treatments for specific subgroups and 
provides more effective treatments to the patients 
[142]. In the past, knee OA was classified as 
generalized vs joint-specific OA or secondary vs 
primary OA or incident vs progressive OA, etc. 
However, recent medical developments have led 
to attempts to determine phenotype by classify-
ing knee OA genetically, biochemically, radio-
logically epidemiologically, and clinically [143]. 
Karsdal et al. [123] reported a review article to 
suggest factors related to OA progression, which 
might be helpful to identify OA phenotype and 
develop PHC.  Those factors were low-grade 
autoimmunity, inflammation, genetic, hormonal, 
metabolic, and mechano-transduction. As such, 
different approaches to phenotype identification 
in the knee OA population have been advocated. 
However, Felson et al. [23] suggested that phe-
notype research should be focused on those sub-
groups that could influence the treatment plan and 
management of the disease. Furthermore, iden-
tification of clinically relevant phenotypes may 
offer a specific targeted treatment and provide the 
most beneficial effects on the patients. Deveza 
et  al. [144] conducted a systematic review to 
examine what OA characteristics are relevant for 
phenotyping and their relevance for outcomes. 
They found that pain sensitization, psychologi-
cal distress, radiographic severity, body mass 
index (BMI), muscle strength, inflammation, 
and comorbidities are associated with clinically 
distinct phenotypes and poor clinical outcomes. 
Gender, obesity and other metabolic abnormali-
ties, the pattern of cartilage damage, and inflam-
mation are associated with distinct structural 
phenotypes and poor structural outcomes. They 
recommended that patient’s and disease’s char-
acteristics (possibly reflecting different disease 
stages) should be considered to phenotype knee 
OA patients.

Herrero-Beaumont et  al. [145] reported that 
OA developed pathophysiologically with the 
interactions of genetic alterations, sex hormone 
deficit, aging with mechanical factors, systemic 
inflammation associated metabolic syndrome, 

and these interactions could give defined OA phe-
notypes with specific therapeutic targets. They 
proposed 4 clinical phenotypes – biomechanical, 
osteoporotic, metabolic, and inflammatory, and 
suggested therapeutic approaches. Patients with 
a biomechanical phenotype may benefit from 
non-pharmacology therapy (i.e., load-modify-
ing approaches), hyaluronic acid, etc. Patients 
with osteoporosis phenotype potentially may 
be particularly responsive to bone active drugs 
(estrogen therapy, etc.). Patients with metabolic 
phenotype may potentially benefit from anti-
lipidemic drugs, caloric restriction, etc. Patients 
with inflammatory phenotype may respond to 
NSAIDs, methotrexate, biologics, etc.

Knoop et al. [36] conducted a cross-sectional 
study to identify phenotypes of knee OA patients 
using 4 clinically relevant patient characteristics, 
and to compare clinical outcomes of these phe-
notypes. They used data from knee OA patients 
of the Osteoarthritis Initiative (OAI). They choose 
4 clinically relevant patient characteristics, 
which were radiographic severity of OA, muscle 
strength, body mass index (BMI), and depression. 
They identified 5 phenotypes of knee OA patients 
which were minimal joint disease phenotype, 
strong muscle phenotype, non-obese and weak 
muscle phenotype, obese and weak muscle phe-
notype, and depressive phenotype. Among them, 
depressive phenotype and obese and weak muscle 
phenotype showed higher pain levels and more 
severe activity limitations than the other 3 pheno-
types. Further, van der Esch et al. [37] conducted 
a cross-sectional study to identify and validate 
previously established five phenotypes of knee 
OA based on similarities in clinical patient char-
acteristics. Study design was similar to the above-
mentioned study (Knoop et  al.) except patient 
population, which was from the Amsterdam OA 
cohort. They identified five phenotypes of knee 
OA patients that were minimal joint disease 
phenotype, strong muscle strength phenotype, 
severe radiographic OA phenotype, obese pheno-
type, and depressive mood phenotype. The find-
ings are mostly similar to the above-mentioned 
study (Knoop et  al.). Among the identified five 
phenotypes, minimal joint disease, strong mus-
cle strength, and depressive mood phenotypes 
were similar in both studies. In the Amsterdam 
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OA cohort study, non-obese and weak muscle 
strength phenotype was renamed into severe 
radiographic OA phenotype and obese and weak 
muscle strength phenotype into obese phenotype. 
Because the more prominent finding of radio-
graphic OA and BMI characteristics were found 
in the Amsterdam OA cohort study. Both stud-
ies theoretically proposed a targeted therapeutic 
approach to the treatment of knee OA based on the 
identified five phenotypes of knee OA. Minimal 
joint disease phenotype may not be in need of 
specific treatment. Self-management approach 
including an educational program, pain coping 
skill training, and home-based exercises might 
be helpful. Strong muscle strength phenotypes 
are not likely to benefit from exercise therapy but 
appropriate education and pain medication might 
be a targeted approach. Although there is con-
troversy about whether degradation of the joint 
structure can be indications for surgery, severe 
radiographic OA phenotype might be indications 
for orthopedic surgery if pain and activity limita-
tions are severe. In addition, patients with severe 
radiographic OA could have beneficial effects 
from muscle strengthening exercises. Patients 
of obese phenotype may need both weight loss 
including dietary changes and exercise therapy 
focused on muscle strengthening. Because of the 
slight increase in depressive mood in obese phe-
notype, this should be considered in the treatment 
plan. Patients of the depressive mood phenotype 
may need the use of antidepressants, in addition 
to combination therapy of OA including an edu-
cational program, a cognitive–behavioral therapy, 
and an exercise therapy (Table 15.2).

Dell’Isola et al. [146] conducted a systematic 
review to identify clinical phenotypes in knee 
OA. They identified six clinical phenotypes: (1) 
chronic pain in which central mechanisms (e.g. 
central sensitization) are prominent; (2) inflam-
matory (high levels of inflammatory biomarkers); 
(3) metabolic syndrome (high prevalence of obe-
sity, diabetes, and other metabolic disturbances); 
(4) bone and cartilage metabolism (alteration 
in local tissue metabolism); (5) mechanical over-
load characterized primarily by varus malalign-
ment and medial compartment disease; and (6) 
minimal joint disease characterized as minor 
clinical symptoms with slow progression over 

time. The same research group [147] further 
investigated to classify patients with knee OA 
into pre-defined groups characterized by specific 
variables that can be linked to different disease 
mechanisms, and compare these phenotypes for 
demographic and health outcomes, and identify 
whether the group of complex knee OA patients 
who met the criteria for more than one pheno-
type exist. They used from the OAI database 
FNIH.  Patients meeting the criteria for more 
than one phenotype were classified separately 
into a ‘complex KOA’ group. From this study, 
eight hypothesized phenotypes were classified 
into, which were minimal joint disease pheno-
type (MJD) (25%), chronic pain phenotype (CP) 
(11%), malaligned biomechanical phenotype 
(MB) (11%), inflammatory phenotype (I) (5%), 
metabolic disorders phenotype (MD) (4%), 
bone and cartilage metabolism (BCM) (12%), 
complex knee OA (17%), and non-classification 
(16%). Phenotype allocation including complex 
knee OA was successful for 84.1% of cases with 
an overlap of 20%. Disease duration was shorter 
in the MJD while the CP phenotype included a 
larger number of women (81%). MJD phenotype 
had minimal or no change in symptoms severity, 
showed a low prevalence of comorbidities (e.g., 
depression, diabetes) that combined with the 
slow radiographic progression. This phenotype 
may need a core set program such as education, 
weight loss, and exercise program. CP pheno-
type demonstrated the highest levels of pain, dis-
ability, and the lowest muscle strength. Central 
sensitization and hypersensitivity, as well as 
depression, might be associated with CP pheno-
type that may need treatment different from those 
targeted toward joint pain. A cognitive–behav-
ioral intervention and pain education may be 
helpful and may optimize the results of other tra-
ditional treatments such as exercise therapy and 
joint replacement. MB phenotype has high levels 
of muscle strength, high prevalence of malalign-
ment, lower BMI, and low prevalence of other 
comorbidities and are characterized by disrupted 
biomechanics. Therefore, treatments focusing 
on restoration of optimal load distribution in the 
knee such as laterally wedged insoles and knee 
braces rather than drug treatment may be more 
effective. I phenotype shows a higher prevalence 
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of synovitis and effusion suggesting localized 
more severe inflammation in the knee joint that 
might be associated with the involvement of the 
immune system. Treatments targeting the inflam-
mation process may be particularly effective in 
I phenotype. I phenotype may respond better to 
local steroid injections. MD phenotype presents a 
higher BMI and a higher prevalence of metabolic 
alterations (hypertension, dyslipidemia, and 
hyperglycemia). MD phenotype has been shown 
to be associated with low-grade inflammation in 
the joint. Patients of MD phenotype may benefit 

more from a diet management program and exer-
cise therapy along with metabolism controlling 
drugs. BCM phenotype is characterized by high 
levels of bone and cartilage turnover biomarkers 
and shows minimal or no synovitis and effusion 
at the MRI. Drugs aiming to influence bone and 
cartilage metabolism may have benefits in this 
phenotype. The complex knee OA subgroup 
included patients meeting the criteria for more 
than one phenotype. Owing to a mix of differ-
ent mechanisms, this phenotype presents worse 
pain and physical functioning than the other phe-

Table 15.2 Phenotypes of knee osteoarthritis (OA) and their mechanisms, characteristics, and treatment proposed by 
Knoop et al. [36] and van der Esch et al. [37]

Phenotype Mechanisms Clinical characteristics Proposed treatment
Minimal joint 
disease

Without prominent 
clinical or radiological 
characteristics

Structural disease is hardly 
present
Lower symptom duration

Chronic pain condition 
management (education, pain 
coping skill training, 
self-management)
Instructions for home-based 
exercise

Strong muscle 
strength

Post-traumatic, history of 
knee surgery or 
arthroscopy related type

Physically active
High lower limb muscle strength
Relatively more severe 
radiographic OA

Education
Pain medication
If with severe radiographic OA, 
candidates for orthopedic 
surgery

Severe 
radiologic OA
(*Non-obese 
and weak 
muscle)

Age-induced knee OA 
subtype

Physically inactive (muscle 
weakness)
Degeneration of cartilage and 
bone
More extend of OA radiographic 
severity

Help physicians and surgeons in 
making decisions for surgery
Muscle-strengthening exercise

Obese
(*Obese and 
weak muscle)

Biomechanically induced 
knee OA subtype

Physically inactive (muscle 
weakness)
High body mass index (BMI)
Relatively severe radiographic 
OA
Relatively high depressive mood
Metabolic changes linked to 
obesity
Dynapenic obesity

Dietary changes (Weight loss)
Muscle-strengthening exercise
Mood treatment

Depressive 
mood

Depressive mood
Highest level of pain and activity 
limitations
Intensified focus on pain-related 
stimuli (cognitive effect)
Increased sensitization of the 
central nervous system on pain 
stimuli (neurophysiologic effect)
Physical inactivity (Behavioral 
effect)

Mood treatment 
(Antidepressants)
Cognitive–behavioral therapy
Education program
Exercise therapy
OA specific management

*Clinical phenotype identified Knoop et al. were renamed later by van der Esch et al., because the non-obese and weak 
muscle phenotype showed more severe radiographic OA, and that obese and in the weak muscle phenotype, muscle 
strength was not significantly different from the other phenotypes
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notype. Therefore, this phenotype may require a 
more complex and multidisciplinary treatment 
plan focusing on the different mechanisms occur-
ring in knee OA. 16% of subjects were not classi-
fied in any of above-described phenotype, which 
means the existence of another phenotype whose 

disease mechanism has not yet been identified. 
The non-classified phenotype showed a mild dis-
ease (low levels of pain and disability) and mod-
erate radiographic degeneration. This phenotype 
is primarily similar to the MJD and MB pheno-
types (Table 15.3).

Table 15.3 Phenotypes of knee osteoarthritis (OA) and their mechanisms, clinical outcomes, and treatment proposed 
by Dell’Isola et al. [146, 147]

Phenotype Mechanisms Clinical outcomes Proposed treatment
Minimal joint 
disease

Early knee OA group Low prevalence of 
comorbidities
Low to mild symptomatology 
(shorter symptoms duration)
Stable over time (minimal or 
no disease progression)

Minor health care needs

Chronic pain Central sensitization
Cognitive mechanisms
Neurophysiologic alterations

High level of pain, disability
Widespread pain
Lowest muscle strength
Depression, psychological 
disturbances

Cognitive–behavioral 
intervention
Pain education
Treatment for central 
sensitization

Malalignment 
biomechanical

Malalignment (high focal 
stress)

Active subjects with high 
levels of muscle strength
High prevalence of 
malalignment
Low levels of pain and 
disability (despite severe 
radiographic OA)
Lower prevalence of 
comorbidity, depression, 
widespread pain
Lower BMI

Interventions to restore an 
optimal load distribution in the 
knee (e.g., laterally wedged 
insoles, gait modification)
Consider realignment surgery

Inflammatory Inflammatory process 
(low-grade inflammation)
Gene overexpression of 
inflammatory cytokines

Higher prevalence of 
synovitis/effusion
Higher level of pain at the 
baseline
Faster radiologic progression

Local steroid injections
Treatments targeting the 
inflammation process

Metabolic 
disorders

Inflammatory process 
(synovitis; localized more 
severe inflammation in the 
knee joint)

Higher BMI
Higher prevalence of 
metabolic alterations
Metabolic factors and a 
specific biomarker profile 
(obesity, diabetes, 
hypertension, dyslipidemia)

Diet management program
Physical activity
Comorbidities management
OA specific management

Bone and 
cartilage 
metabolism

Alterations in bone and 
cartilage metabolism

High levels of bone and 
cartilage turnover biomarkers
Minimal or no synovitis and 
effusion

Drug aiming to influence bone 
and cartilage metabolism

Complex knee 
OA (overlap)

More than one phenotype Worse pain and physical 
functioning

More complex and 
multidisciplinary intervention 
for different mechanisms

Non-classified Implication of the existence of further phenotypes
Mild disease with moderate to severe joint damage
Similar to minimal joint disease and malalignment 
biomechanical phenotypes

–
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Knee osteoarthritis (OA) is known as a het-
erogeneous disease with multiple etiologies. 
Although international guidelines recommend 
a combination of pharmacologic and non- 
pharmacologic treatment for symptomatic knee 
OA, this therapeutic approach is One-Size-Fit- 
All method that does not take into account het-
erogeneity of OA.  Several attempts have been 
made to classify heterogeneous knee OA into 
homogenous subgroups with the aim of pro-
viding PHC that improves therapeutic efficacy. 
However, the identification of clinical pheno-
types has some limitations. There is no clear 
definition of clinical phenotypes in the published 
literatures. Therefore, a clear and shared defini-
tion of knee OA phenotypes would help to bet-
ter direct future research in the field. Moreover, 
clinical phenotypes identified in the literatures 
may not be able to explain fully heterogeneity of 
the whole knee OA population. Future research 
may yet lead to the identification of different 
disease mechanisms suggesting the existence of 
new phenotypes. For the robustness of clinical 
phenotype, predefined clinical phenotype should 
be tested in randomized controlled trials and be 
proved its clinical effectiveness before being 
applied in clinical practice.

15.5  Conclusion

The strategic approach of knee OA is a pro-
cess of efforts to provide the right treatment to 
the right person at the right time. In a situation 
where a gradual increase in the OA population is 
 predicted, it is necessary to develop personalized 
treatment strategies to effectively manage broad 
categories of patients with different problems. In 
this respect, understandings the characteristics of 
OA and its phenotype are the basis for provid-
ing individualized therapeutic strategies to these 
broad categories of OA patients. As the under-
standing of the overall OA increases, there will 
be fewer conflicts of interpretation of evidence 
among guidelines. Implementing evidence-based 
guidelines can help to select treatment methods 
in consideration of the best evidence available 
and safety and can improve outcomes. To achieve 

this, efforts are needed to remove barriers that 
exist in health care providers and patients. The 
more widely accepted and used these guidelines, 
the more helpful it will be to develop better treat-
ment strategies through consensus.
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