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Preface

As clinicians, how do we manage the 45-year-old man who has symptomatic
articular cartilage wear but wants to continue with his sports or the 35-year-
old woman who is having trouble with her normal daily activities due to post-
meniscectomy arthritis? Increasingly commonly, physicians are facing these
management problems: younger, active patients who are developing osteoar-
thritis which is impinging on the activities that they want or need to do.
Management of these patients is a major challenge and will always involve a
balance between optimising function and keeping expectations realistic. To
be able to provide such patients with optimal advice and management, the
physician or allied health professional needs to have a comprehensive knowl-
edge of the condition, its natural history, the various treatment options avail-
able, and the evidence base for each. This text has been created in order to
provide clinicians with the knowledge and resources to provide patients with
such a wholistic, optimal management plan to maximise each patient’s func-
tion and quality of life.

This new text comprehensively covers all areas relevant to the manage-
ment of osteoarthritis and localised articular cartilage pathology in younger
patients who are still wishing to maintain a high level of physical activity and
exercise. The earlier chapters address the basic science behind osteoarthritis,
including the definition, classification, and epidemiology and natural history
of the condition. A clear understanding of this is obviously critical to its man-
agement. The aetiology of osteoarthritis is also discussed, particularly distin-
guishing between modifiable and non-modifiable risk factors and their
relevance to management. The subsequent chapter discusses the many non-
surgical treatment modalities available for osteoarthritis. In particular, each
treatment is discussed with special reference to the relevant evidence base,
and subsequently the appropriate recommendations for its use are provided.
A particular focus is placed on the importance of the multidisciplinary
approach to the effective management of osteoarthritis.

The following chapters then address the role of surgical management. This
can be divided into techniques that attempt to preserve and possibly restore
the native knee joint and those that involve replacement of the joint. All of the
available surgical techniques are discussed in detail, once again focusing on
the evidence base to support each treatment, and provide the appropriate indi-
cations. Equally importantly, the text discusses the clinical scenarios for
which surgery is not appropriate. The surgical techniques involved in restor-
ing and retaining the native knee joint that are discussed include meniscal and
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chondral surgery, arthroscopic debridement, and osteotomy for realignment
of the joint. The arthroplasty component of the text covers all areas of pros-
thetic resurfacing, including localised resurfacing, unicompartmental replace-
ment, and total knee replacement. Of particular significance is the importance
of patient selection, technique, and prosthesis selection and providing the
appropriate recommendations for levels of activity post-arthroplasty surgery.
The longer-term prognosis of arthroplasty in the younger active patient is
carefully considered, to provide surgeons with the appropriate information to
give their patients accurate advice about their future.

Producing this textbook has involved collaboration between many authors
from a number of countries. Authors have been largely selected from the
Knee Committee of the International Society for Arthroscopy, Knee Surgery,
and Orthopaedic Sports Medicine, with additional contributions from the
American Association of Hip and Knee Surgeons for the arthroplasty section
of the text. This has brought together an international faculty providing a true
global perspective on the topic. The authors have all initially constructed their
respective chapters based on a systematic review of the literature, coupled
with their own extensive clinical experience and expertise. The authors then
all met together over 2 days in the USA in March of 2015 to present their
reviews to the entire group for discussion, review, and refinement, which gave
each author the opportunity to add contributions as appropriate to each topic.
Each author then finalised their chapter for editorial review and subsequent
provision to the publisher. The end result is I believe a text that provides a
practical and invaluable reference for clinicians managing patients with
osteoarthritis, which should ultimately improve the management of these
patients, allowing them to remain active and sustain their quality of life.
I sincerely hope that you find this text useful in your clinical practice for the
management of these patients.

Sydney, Australia David A. Parker, FRACS
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1.1 Definition of Osteoarthritis,
Classification,

and Epidemiology

Osteoarthritis (OA) is one of the most common causes
of disability in adults. The prevalence increases with
age, with a surprising 13.9 % of the population over
25 years old being affected and 33.6 % of the popula-
tion over 65 years old affected [1].

OARSI  (Osteoarthritis Research ~ Society
International) defines osteoarthritis as “a disorder
involving movable joints characterized by cell
stress and extracellular matrix degradation initi-
ated by micro- and macro-injury that activates
maladaptive repair responses including pro-
inflammatory pathways of innate immunity.” This
in turn manifests initially as abnormal joint tissue
metabolism and subsequently by anatomic and
physiologic derangements. Clinically, this can
present as cartilage degradation, bone remodeling,
and osteophyte formation, with joint inflamma-
tion, pain, and loss of normal joint function.

The classification of osteoarthritis is varied.
Classification strategies include:

1. Classification via radiographic imaging [2]

2. Classification utilizing advanced imaging,
including whole-organ scoring [3]

3. Classification emphasizing clinical symp-
toms, including stiffness, swelling, knee range
of motion, and knee crepitus [4]

4. Combination of symptoms and imaging [4]

D.A. Parker (ed.), Management of Knee Osteoarthritis in the Younger, Active Patient:
An Evidence-Based Practical Guide for Clinicians, DOI 10.1007/978-3-662-48530-9_1
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Table 1.1 American College of Rheumatology radiologi-
cal and clinical criteria for osteoarthritis of the knee [4]
Knee pain for most days of previous month
Osteophytes at joint margins on radiographs
Synovial fluid typical of osteoarthritis (laboratory)
Age >40 years

Crepitus on active joint motion

AN AW N =

Morning stiffness <30 min duration

Knee osteoarthritis (clinical and radiographic) if 1 and 2;
1,3,5,and 6; or 1,4, 5, and 6 are present

Table 1.2 Advanced imaging for osteoarthritis of the
knee

MRI

Standard SPGR

Cartilage morphology quantitative/time-consuming
analyses

T2 MRI relaxation
Collagen distribution

Semiquantitative information on cartilage quality/
complex interpretation

T1p proteoglycan distribution

Semiquantitative information on cartilage quality/
complex interpretation

23Na MRI FCD/proteoglycan content

Semiquantitative information on cartilage quality/
field strength >3 T

dGEMRIC FCD/proteoglycan content

Semiquantitative information on cartilage quality,
early changes/contrast agent needed

The American College of Rheumatology
radiologic and clinical criteria for osteoarthritis
of the knee are listed in Table 1.1. For the pur-
poses of this review, osteoarthritis, arthrosis, and
arthritis will be used interchangeably.

Although radiographic imaging classifica-
tion has stood the test of time, the most limiting
aspect of this classification is that it often does
not detect arthritis until a more advanced stage.
Plain radiographs are an imperfect indicator for
early arthritis, with a more complete picture of
intra-articular disease revealed by other meth-
ods, including magnetic resonance imaging
(MRI) (Table 1.2) and, more recently, serum
and urinary markers looking for bone/cartilage/
synovial degradation and/or bone/cartilage/
synovial synthesis [5, 6].

In addition to defining and classifying estab-
lished arthritis, more difficult to define are the
following:

1. (a) How does one define “early arthritis”? If you
have radiographic and/or imaging signs only,
with no correlation to clinical symptoms or
objective physical exam signs, is this arthritis?

(b) Should we define clinical (Ssymptomatic)
arthritis separate from radiographic (imaging)
arthritis?

2. If there are focal defects, particularly focal
defects on only one side of the joint, is this
defined as arthritis?

3. Is chondrosis and arthrosis the same disease
along a continuum?

4. Should post-traumatic arthrosis and idiopathic
arthrosis follow the same disease progression?
If these two diseases are separate, then in
which category would we place overuse or
overload OA?

Classification strategies for radiographic imaging
have emphasized joint space narrowing, subchon-
dral sclerosis, and osteophyte formation (Tables 1.3
and 1.4). A recent study assessed the validity and
sensitivity to change of three radiographic scales of
knee OA [7]. The authors found high validity to
assess knee OA severity but only moderate sensi-
tivity to change. The authors recommended cau-
tion when using ordinal radiographic grading
scales to monitor knee OA over time. Joint axis
deviation is a much-used clinical tool, although it
is not as frequently used in radiographic classifica-
tions. By advanced imaging (MRI), the most com-
mon features that indicate osteoarthritis are
cartilage thinning and subchondral bone edema.
Whole-organ body imaging is largely being used
as a research tool only (Table 1.5).

The struggle to define osteoarthritis is com-
pounded when the clinician (or researcher) tries to
define arthritis progression. One could define pro-
gression based on the classification strategies, i.e.,
change in radiographic markers (joint space nar-
rowing, osteophyte formation, and/or axis devia-
tion), change in MRI imaging (increase in cartilage
thinning, increase in subchondral bone edema,
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Table 1.3 Radiographic imaging classification for osteo-
arthritis of the knee [2]

Kellgren—Lawrence grading system

Grade 0 No feature of osteoarthritis

Grade | Doubtful narrowing of joint space and
possible osteophytic lipping
Definite osteophytes and possible narrowing
of joint space

Grade 2
Grade 3 Moderate multiple osteophytes, definite
narrowing of joint space, and some sclerosis
and possible deformity of bone ends

Grade 4 Large osteophytes, marked narrowing of joint
space, severe sclerosis, and definite deformity
of bone ends

Table 1.4 Clinical assessment of joint axis deviation for
osteoarthritis of the knee [18]

Osteoarthritis research society international grading
system for medial and lateral tibiofemoral joint space
narrowing

Grade 0 Normal

Grade 1 Mild (1-33 % narrowed)
Grade 2 Moderate (34—66 % narrowed)
Grade 3 Severe (67-100 % narrowed)

Table 1.5 MRI whole-organ scoring for osteoarthritis of
the knee

KOSS [19] Semiquantitative, whole-organ score,
time consuming, observer variance

WORMS [20] Semiquantitative, whole-organ score,
time consuming, observer variance

BLOKS [21] Semiquantitative, whole-organ score,

time consuming, observer variance

and/or osteophyte formation), and increase in
symptoms of stiffness and swelling best evaluated
by a change in patient-reported outcome measure
scales. Indeed, thought leaders of the Osteoarthritis
Research Society International have called for
greater consensus around more sensitive and spe-
cific diagnostic criteria for OA to aid in both
research and clinical endeavors [8].

This chapter will not answer these questions,
but the reader should be apprised that these ques-
tions continue to be debated without consensus in
our literature. Though clinical knowledge
depends on research-directed discoveries, the
rigor necessary to answer these questions is dif-
ferent for the clinician and the researcher.

1.2  Etiology

One factor that is consistent in all studies of
arthritis is its association with the aging process.
The etiology of osteoarthritis has long been
thought to be cartilage driven. Imaging defini-
tions of osteoarthritis have as a main factor some
inclusion of changes in the subchondral bone.
Osteophyte formation, bone remodeling, sub-
chondral sclerosis, and bone attrition are crucial
for radiographic diagnosis; several of these bone
changes take place not only during the final
stages of the disease but sometimes at the onset
of the disease, before cartilage degradation is
apparent. This adds to the difficulty of using
radiographic markers as an indication of the stage
of the disease or the stage of potential disease
progression. However, findings collectively sug-
gest that the subchondral bone could be the initia-
tor of cartilage damage, and current attention has
focused on the role subchondral bone plays in the
etiology of osteoarthritis.

Recent evidence shows an additional and inte-
grated role of bone and synovial tissue. Synovial
inflammation corresponds to clinical symptoms
such as joint swelling and inflammatory pain and
is thought to be secondary to cartilage debris and
catabolic mediators entering the synovial cavity.
Synovial macrophages produce catabolic and
pro-inflammatory mediators, leading to inflam-
mation, which starts a negative balance of carti-
lage matrix degradation and repair. This process,
in turn, amplifies synovial inflammation, thus
creating a vicious cycle. Inflammation is an
important aspect of arthritis, and the degree of
inflammation likely varies depending on patient-
specific innate factors and local joint factors.
This can create a spectrum of clinical presenta-
tions for the same imaging picture and varying
timelines for disease progression.

13 Risk Factors

A review of relevant literature on risk factors is
presented in Table 1.6. Pertinent points are dis-
cussed below.
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1.3.1 Altered Mechanics

Abnormal mechanics can cause OA in both ani-
mals and humans. Once OA has developed,
abnormal mechanics can overwhelm other fac-
tors leading to disease worsening and clinical
dysfunction. Treatments which correct the
pathomechanics have a favorable effect on pain
and joint function [9].

1.3.2 Impairments in Muscle

Function

Muscle function in the lower extremity,
including weakness, altered muscle activa-
tion patterns, and proprioceptive deficits, is
commonly found in association with knee
OA. Improvement of muscle strength is a key
component of conservative management of
knee OA and has been found to be effective
in symptom reduction [10]. Whether exercise
influences disease development and potentially
stalls progression needs more study.

1.3.3 OA and Knee Injury

A 22-year prospective study of Finnish sub-
jects [11] researched the association of new
cases of OA over time, diagnosed by physi-
cians using information on disease histories,
symptoms, and standardized clinical examina-
tions. The risk of developing knee OA was
strongly associated with BMI (kg/m?) (adjusted
for age, sex, and other covariates), as well as
the heaviest category of physical stress at work
(compared with the lightest category), and past
knee injury.

A recent meta-analysis pooling 24 observa-
tional studies (20,997 subjects) was performed
[12]. This analysis also included seven cohort
studies, five cross-sectional studies, and 12 case—
control studies. The conclusion was that history
of knee injury is a major risk factor for the devel-
opment of knee OA irrespective of study design
and definition of knee injury.

1.3.4 Sex

Knee OA has a strong female sex preponderance.
Women develop more knee OA than men, based
on the rate of knee arthroplasty surgery.
Approximately 3 million women and 1.7 million
men had TKA in the USA. Obesity is a stronger
risk factor for knee OA in women than in men.
Some of the reasons for this are speculated to be
the following: women lose knee articular carti-
lage at a faster rate than men, female human
articular chondrocytes may function better when
estrogen is available, male human articular chon-
drocytes are more responsive to vitamin D
metabolites than female cells, vitamin D recep-
tors and mRNA for inflammatory cytokines are
differentially expressed in degenerated cartilage
in a sex-specific fashion, and subchondral bone
osteoblasts exhibit sex-specific responses to
estrogen [13].

Independent of the effects of obesity, altered
metabolism is related to knee OA, and these rela-
tions differ for men and women. A recent review
of articles discussing OA and the metabolic syn-
drome outlines factors suggesting that the etiol-
ogy of OA is different in males than females at
virtually every level: epidemiologic, radio-
graphic, circulating biomarker, hormonal, and
cellular levels [14].

1.3.5 Heavy Physical Work

Of note vibration, repetitive movement, and long
hours of kneeling and squatting, standing, and
solitary standing are associated with an increased
risk of development of OA [15].

1.3.6 Obesity

Increased awareness of obesity’s frequent rela-
tionship to metabolic and inflammatory activities
has made researchers rethink the role of obesity
and OA. Pound for pound, not all obesities are
equivalent to the development of knee osteoar-
thritis; development appears to be strongly
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related to the coexistence of disordered glucose
and lipid metabolism. Cytokines associated with
adipose tissue, including leptin, adiponectin, and
resistin, may influence osteoarthritis through
direct joint degradation or control of local inflam-
matory processes [16]. Metabolic risk factors
including obesity, hypertension, dyslipidemia,
and impaired glucose tolerance raise not only the
risk of occurrence of OA but also its progression.
This risk rises with the increasing number of met-
abolic risk factors present [17].

Conclusion

1. There is no universal definition of arthritis.
Improved clarity in defining the arthritis
and its progression would help clinicians
improve outcome metrics and thus clinical
care. A working definition may differ
between the clinician and the researcher.

2. The risk factors with the most frequent asso-
ciation with knee OA are age, obesity, female
sex, prior joint trauma including repetitive
workload, and metabolic syndrome.

3. The etiology of this disease and factors
associated with progression are continu-
ously refined by researchers and clinicians
alike.
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2.1 Introduction and Scope

This chapter provides a compilation of the latest
knowledge regarding nonoperative treatment of
knee osteoarthritis. The aim is to provide an
accessible reference for clinicians to establish a
coordinated and effective management plan with
maximum patient involvement. It is hoped that
this reference can provide clear guidance in the
selection of known treatment options and provide
useful guidelines for both initial counselling and
subsequent active management of the disease.

Currently, both clinicians and patients are bom-
barded with information available on the Internet
and popular media regarding “miracle cures” and
“cutting edge therapies” for the treatment of knee
osteoarthritis. The top ten search results from
google.com.au and facebook.com reveal a spec-
trum of quality with regard to available informa-
tion (Fig. 2.1). Overall, the information from
Google included a mixture of credible, useful
information, as well as some outdated informa-
tion. However, a considerable amount of results
would be considered as misinformation combined
with sponsored content, which can be difficult for
lay readers to discern the inherent bias.

To address the volume of potentially mislead-
ing information available to both clinicians and
patients, this chapter has been compiled from
guidelines released by authoritative sources and
updated with a comprehensive literature search
of updated information, with emphasis on the

D.A. Parker (ed.), Management of Knee Osteoarthritis in the Younger, Active Patient:
An Evidence-Based Practical Guide for Clinicians, DOI 10.1007/978-3-662-48530-9_2
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highest quality systematic reviews and meta-
analyses of current evidence.

2.2 Authoritative

Recommendations

The Osteoarthritis Research Society International
(OARSI) recently released an evidence-based
summary of recommended treatment options for
knee osteoarthritis [1]. The options recommended
are summarised in Fig. 2.2 and comprise a set of
core treatments, suggested for the management of

all types of osteoarthritis in all individuals, as well
as treatment options specific to knee OA for indi-
viduals with and without serious comorbidities.

Similarly, the American Academy of
Orthopaedic Surgeons (AAOS) has also released
a 2nd edition of their clinical practice guidelines
for first-line treatment of knee OA [2]. These rec-
ommendations are summarised in Table 2.1 and
address a number of options not covered in the
OARSI recommendations. However, the AAOS
clinical practice guidelines are older (2013), and
updated information has since become available
for a number of recommendations.
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OARSI Guidelines for the Non-surgical Management of Knee OA

Knee-only OA
without co-morbidities

Core Treatments
Appropriate for all individuals

Land-based exercise
Weight management
Strength training

Water-based exercise
Self-mgmt and education

Recommended treatments*
Appropriate for the following OA types:

Knee-only OA
with co-morbidities

*Biomechanical interventions
*Intra-articular Corticosteriods
*Topical NSAIDs

*Walking Cane

*Oral COX-2 Inhibitors
(selective NSAIDs)
*Capsaicin

+Oral Non-selective NSAIDs

*Biomechanical interventions
*Walking Cane

*Intra articular
Corticosteroids

~Topical NSAIDs

Duloxetine
*Acetaminophen (Paracetamol)

Multi-joint OA
without co-morbidities

Multi-joint OA
with co-morbidities

*OralCOX-2 Inhibitors
(selective NSAIDs)

«Intra articular Corticosteroids
Oral Non-selective

NSAIDs

*Duloxetine

*Biomechanical interventions
*Acetaminophen (Paracetamol)

*OARSI also recommends referral for consideration of open orthopedic surgery if more conservative treatment modalities are found

ineffective.

Fig.2.2 OARSI guidelines for non-surgical management of knee OA [1]

Table 2.1 Summary of AAOS clinical practice guidelines for non-operative treatment of knee OA [2]

Treatment Recommendation Strength Updated information
1. Self-management; strengthening; low-impact Recommended Strong Yes
aerobic exercise; neuromuscular education;
physical activity
2. Weight loss BMI>25 Suggested Moderate No change
3. (a) Acupuncture Unable to recommend  Inconclusive None available
(b) Physical agents (electrotherapy) Unable to recommend  Inconclusive No change
(c) Manual therapy Unable to recommend  Inconclusive Yes
4. Valgus-directing knee brace Unable to recommend  Inconclusive Yes
5. Lateral wedge insoles Unable to recommend  Moderate Yes
6. Glucosamine or chondroitin Cannot be recommend  Strong Yes
7. (a) NSAIDS or tramadol Recommended Strong No change
(b) Acetaminophen Unable to recommend  Inconclusive Yes
8. Intra-articular corticosteroids Unable to recommend  Inconclusive Yes
9. Hyaluronic Acid Cannot recommend Strong Yes

2.2.1 CoreTreatments

2.2.1.1 Exercise

Exercise is any targeted, prescribed or organised
activity where participation occurs with the aim

of improving strength, endurance, range of
motion or aerobic capacity [1]. Exercise to treat
knee OA can be based on land or in water, and
reductions in pain and improvements in function
are well established. The OARSI guidelines are
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based on a systematic review and a meta-analysis
of randomised controlled trials, with a good over-
all quality of the evidence. The average size of
the effect for land-based exercise on pain reduc-
tion ranges from small to moderate. Similarly,
water-based exercise also provides beneficial
effects on pain and function, although the
expected size of the effect has yet to be estab-
lished. A more recent systematic review [3] of
high-quality evidence reported that land-based
exercise provided a moderate short-term (up to 6
months post-treatment) reduction in pain and
improved physical function.

2.2.1.2 Strength Training

Exercise that specifically targets the ability of mus-
cles to generate force, known as strength training,
has been singled out in the OARSI recommenda-
tions as a key modality to reduce pain and improve
physical function for knee OA. In particular, target-
ing the quadriceps and other lower-limb muscle
groups should be considered as a key treatment
option. Strength training can take a variety of
forms, but recent evidence has been based on exer-
cises conducted on land in group or individual ses-
sions, and training combined with mobilisation is
considered most effective.

2.2.1.3 Weight Loss

Being overweight or obese is a significant risk
factor for knee osteoarthritis in older adults
[4, 5]. Weight loss is particularly important for
individuals diagnosed with knee OA who are
also considered overweight or obese. Although
a programme involving diet modification with
exercise is considered most effective, a moder-
ate reduction in weight (5 % of bodyweight) over
a 20-week period provides small to moderate
reductions in pain and improves physical func-
tion [1]. These recommendations are based on
good-quality evidence from a systematic review
and meta-analysis of randomised controlled tri-
als. A more recent systematic review [6] suggests
that weight reduction with combined diet modifi-
cation and exercise is effective for pain relief and
functional improvements even in elderly indi-
viduals (70+years). Involvement of a dietitian

and/or an exercise physiologist may be helpful in
achieving these goals.

2.2.1.4 Self-Management
and Education Programmes

Self-management programmes are distinct
from patient education as they encourage peo-
ple diagnosed with chronic disease to actively
participate in the treatment of their condition
[7]. The OARSI guidelines [1] suggest that
self-management and education programmes
can provide a small amount of pain reduction
based on good-quality evidence stemming from
a systematic review and a meta-analysis of
randomised controlled trials. However, a more
recent systematic review [7] found that the
available evidence was of low to moderate qual-
ity but confirmed that such programmes pro-
vide no or small benefits up to 21 months after
treatment. Importantly, this review reported
that self-management programmes do not com-
pare favourably to attention control methods or
usual care.

2.2.1.5 Biomechanical Interventions
Treatment of knee OA should focus on the
mechanical behaviour of the affected knee at
any stage of disease progression but particularly
at initial diagnosis in those with early signs [8].
Interventions designed to adjust knee and lower-
limb loading during locomotion vary consid-
erably. However, the OARSI guidelines focus
on foot orthoses or shoe inserts or valgus knee
braces. Foot orthoses alter the mechanical align-
ment of the lower leg by enhancing the valgus
correction of the calcaneus, while braces apply
an opposing valgus force to attenuate load on
the medial knee compartment [9]. The proposed
benefits of these interventions include pain
reduction, reduced analgesic dosage, improved
physical function, stiffness and potentially slow-
ing disease progression. A more recent system-
atic review and meta-analysis [10] of valgus
bracing reported a moderate to high effect on the
knee adduction moment, which has been associ-
ated with disease progression [11], although the
quality of current evidence remains fair.
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2.2.2 Treatments Specifically
for Knee Osteoarthritis

2.2.2.1 Intra-articular Injection
of Corticosteroids

Corticosteroids mimic naturally occurring hor-
mones that are anti-inflammatory in function.
Common agents used to treat knee OA include
betamethasone, methylprednisolone and triamcin-
olone which are injected directly into the joint
space. The expected benefits of these injections
are short-term pain relief, improved physical func-
tion and reduced joint inflammation. The current
OARSI guidelines [1] suggest that corticosteroids
are effective in providing short-term pain relief but
are likely not appropriate for longer-term pain
management. A more recent systematic review
using network meta-analysis confirmed the effec-
tiveness of corticosteroids in pain relief but
reported a lack of effectiveness for improving joint
function and stiffness. An earlier systematic
review reported that the clinical response to injec-
tion may vary and can be predicted based on
demographic and clinical factors [12].

2.2.2.2 Non-steroidal Anti-
inflammatory Drugs (NSAIDs)

These medications have an anti-inflammatory
effect and can be applied topically on the affected
joint or taken orally. Oral NSAIDs are separated
into Cox-2 inhibitors or non-selective options, and
there is a risk of adverse events with extended use,
despite moderate effects on pain. Cox-2 medica-
tions are felt to have a safer side effect profile than
non-selective medications. Although the overall
effect size of topical NSAIDs remains unknown,
they are considered safer and better tolerated than
oral NSAIDs. While oral NSAIDs are usually
quite effective in pain management, their potential
side effect profile makes them more suited to occa-
sional rather than regular use, and caution should
be employed in patients with any history of peptic
ulceration and renal disease in particular.

2.2.2.3 Capsaicin
Capsaicin is a capsicum extract with anti-
inflammatory  properties which is applied

topically. Although it has potential to reduce
joint inflammation, reduce pain and increase
function, based on good-quality evidence (sys-
tematic review and meta-analysis of randomised
controlled trials), its effects range from small to
moderate for reducing pain and improving func-
tion compared to placebo.

2.2.2.4 Duloxetine

Duloxetine is a serotonin-norepinephrine reup-
take inhibitor and is usually prescribed as an anti-
depressant. Although there is fair evidence
available based on systematic reviews and ran-
domised trials, the size of its effect on knee pain
remains unavailable; however, it has been
reported to significantly decrease pain and
improve physical function in knee OA.

2.2.2.5 Acetaminophen

Also known as paracetamol, this is commonly
prescribed for a wide spectrum of pain, including
knee OA. Good-quality evidence suggests that it
has a small to moderate effect for pain and func-
tion, while a more recent review [12] suggests
that its effects are small for pain relief. This is a
medication than can be used regularly due to the
relatively safe side effect profile and is probably
more effective if used regularly.

2.3  Additional Treatment
Options
2.3.1 Psychological Therapies

An individual’s mental health is associated with
the severity of their knee OA pain and risk of pain
flares [13], with depression in particular associ-
ated with self-reported pain levels [14].
Psychological therapies have demonstrated effi-
cacy in reducing pain, disability, depression and
anxiety. Cognitive behavioural therapy is the
most common approach reported in the literature
and is typically delivered either in-person in
group or individual sessions or via the Internet.
Recent systematic reviews of low-quality evi-
dence have reported small to moderate effects on
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pain using traditional therapy methods [15] or by
Internet delivery [16] in adults experiencing
chronic pain for reasons other than headache but
not specific to knee OA. However, there is poten-
tial in the future for psychological therapies to
provide some benefit to individuals experiencing
pain related to knee OA with little risk of adverse
side effects.

2.3.2 Chondroitin

Chondroitin is a nutritional supplement contain-
ing chondroitin sulphate which is normally found
in articular cartilage, and its loss is potentially
associated with the progression of osteoarthritis
in the knee. Supplementing chondroitin orally is
thought to possibly provide pain reduction and
may modify the disease process. Recent system-
atic reviews are favourable for its ability to
achieve these effects with one review of low-
quality evidence [17] reporting an overall 10 %
reduction in pain compared to placebo, while
another review of moderate-quality evidence
concluded that chondroitin significantly reduced
cartilage loss in OA knees compared to placebo
[18]. Although these results should probably be
treated with caution, considering its non-invasive
nature and low risk of negative side effects, chon-
droitin could be considered a treatment option,
particularly for early stage knee osteoarthritis.

2.3.3 Glucosamine

Glucosamine is an aminosaccharide naturally
occurring in the body and is a principal substrate
in the synthesis of proteoglycan, a key compo-
nent of articular cartilage. Glucosamine therapy
is provided as a nutritional supplement avail-
able without prescription. A recent systematic
review of low-quality evidence [18] suggested
that glucosamine sulphate is moderately effec-
tive at reducing pain associated with knee OA,
while a second recent review of moderate-quality
evidence [19] also indicated a significant reduc-
tion of cartilage loss compared to placebo for
glucosamine sulphate, but not for glucosamine

hydrochloride. Glucosamine sulphate provides
a potential non-invasive treatment option, with
a good safety profile for clinicians and patients
to reduce pain and possibly slow the progres-
sion of cartilage loss and could be considered
a possible option for early stage knee osteoar-
thritis treatment. As with chondroitin, although
there are some studies showing positive results
with glucosamine, the overall review of literature
pertaining to these products would suggest that
the evidence for clinical efficacy is modest, and
therefore they cannot be strongly recommended
for routine use.

2.3.4 Viscosupplementation

Refers to the intra-articular injection of hyal-
uronic acid, which is a main component of syno-
vial fluid. Its proposed benefits include pain
reduction, improved physical function and a low-
risk of harm, with a particular emphasis on short-
term improvement in pain post-injection. The
current OARSI and AAOS guidelines are either
unable to recommend viscosupplementation as
a treatment option or indicate uncertain appro-
priateness. However, recent systematic reviews
[12, 20] of low- to moderate-quality evidence
reported moderate to large effects on pain relief,
although variability in the clinical response was
identified as a limiting factor [20]. A more recent
review [21] of meta-analyses with low- to high-
quality studies reported that intra-articular injec-
tion of hyaluronic acid improved function for up 6
months after treatment and was a viable option for
patients with early stage knee osteoarthritis. Many
of these more favourable studies should be inter-
preted with caution as they have been sponsored
studies, and when the non-independent studies are
excluded, the benefit would seem questionable.

2.3.5 Autologous Concentrated
Plasma (ACP) or Platelet-Rich
Plasma (PRP)

Platelet-derived growth factors regulate some
processes in tissue repair. Currently, these factors
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are derived from a patient’s own blood sample
and injected directly into the joint space after
appropriate preparation. The scientific litera-
ture presently suffers from a lack of consensus
on the clinical efficacy of these treatments. One
systematic review [22] of eight articles with
low- to moderate-quality evidence concluded
that PRP efficacy remains uncertain. However,
a systematic review and meta-analysis [23] of
moderate-quality evidence indicated that PRP
provides effective pain relief at least 6 months
post-injection. In addition, a review of three
meta-analyses of low- to high-quality evidence
[24] found that PRP injections improved pain
and function as early as 2 months after treatment
with peak improvement at 6 months, with symp-
tomatic relief for up to 12months. These authors
concluded that particularly those with mild to
moderate osteoarthritic changes in the knee
should consider this as a treatment option.

2.3.6 Gait Modification

The first-line approaches for early knee osteoar-
thritis should target the loading patterns around
the knee during common daily activities [8].
Although biomechanical interventions should be
an important part of OA treatment, the current
OARSI guidelines only recommend the use of
foot orthoses or valgus braces. However, the
loads imposed on the knee during walking can
also vary with different walking strategies. One
systematic review [25] of low- to moderate-
quality evidence suggested that the knee adduc-
tion moment, a key loading parameter in the
progression of knee OA, can be reduced by
increasing a person’s step width or hip internal
rotation, increasing their trunk lean or by encour-
aging an inward (medial) knee thrust or inward
foot weight transfer.

A more recent review [26] of low- to moderate-
quality evidence also reported that reductions in
knee adduction moment could be achieved by
altering foot progression angle (toe-in or toe-
out), shortening stride length, leaning the trunk to
one side or encouraging an inward thrust of the
knee during weight bearing. Gait retraining offers

a low-cost and low-risk option for intervention in
knee osteoarthritis; however, modifications that
are suitable for each individual may take time to
identify due to the natural variation of gait pat-
terns and will require a concerted effort on the
part of both clinician and patient. Clinicians and
patients should also be prepared to manage the
potential for gait modification to shift load to
other joints, particularly in patients with joints
other than the knee affected by osteoarthritis or
significant comorbidities.

2.3.7 Stem Cell Therapy

Stem cells are theoretically capable of differenti-
ating into a range of specialised cells, with par-
ticular emphasis in therapeutic applications for
osteoarthritis for their capacity to regenerate car-
tilage. For stem cell therapy, cells can be derived
from mesenchyme (bone marrow), adipose tis-
sue, the patient’s own synovium or allogenic
umbilical cord material. Unfortunately, despite
its theoretical potential, the evidence of clinical
efficacy remains weak, with a recent clinical
review [27] of low- to moderate-quality evidence
highlighting the lack of in vivo data for these
therapies. At this time, stem cell therapy cannot
be recommended as a viable treatment option for
knee osteoarthritis, but is certainly an appropriate
area for ongoing clinical research to better define
the treatment and its role in OA.

Recommended Treatment
Strategy for Knee OA
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A limitation of the current guidelines and author-
itative evidence is the lack of integration between
treatment modalities and guidance for the clini-
cian in regard to the optimal approach for any
given patient. Although considerable amounts of
research are required to address this gap with
high-quality evidence, evidence-based recom-
mendations have been released by the European
Union League Against Rheumatism (EULAR)
[28] for non-pharmacological management of
knee OA, with a framework for applying many of
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Fig.2.3 Proposed treatment algorithm for knee osteoarthritis [29]

the treatment options covered in this chapter.
Other recent attempts to develop treatment algo-
rithms for knee OA have been presented (Fig. 2.3)
[29]. A limitation of the model illustrated in

Fig. 2.3 is its linear nature between diagnosis and
disease progression to end-stage intervention. In
the early stages of the disease, it is likely that the
clinician and the patient may move through a
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Fig.2.4 Proposed model of coordinated care for non-operative treatment of knee osteoarthritis

range of modalities in a circular manner as the
severity of pain and functional disability varies.
An ongoing difficulty that the clinician faces
in managing OA non-operatively is initially con-
vincing patients of the value of the multidisci-
plinary approach and subsequently providing a
coordinated programme that ensures patients get
the appropriate treatment from each of the modal-
ities in a clear and well-managed fashion. For
patients, this requires a clear explanation of the
problem and the proposed solutions and suffi-
cient education so that the treatment pathway and
goals are clear to the patient. Written and Web-
based resources can be provided for the patient
and a clear timetable for treatment including
regular assessments to evaluate progress and
modify programs accordingly. A central coordi-
nator such as a nurse practitioner who has a good
relationship with the patient and can help coordi-
nate treatment, advise and provide regular

feedback is central to the success of this type of
program.

Therefore, based on the literature summarised
in this chapter, a coordinated-care model is rec-
ommended with specialists engaged to apply spe-
cific treatment modalities where appropriate.
A key emphasis of this approach is coordinated
care and ongoing feedback from the patient
regarding the care plan and effects of specific
treatments with a close working relationship
between the care coordinator, the patient and spe-
cialists (Fig. 2.4). The care coordinator should be
an appropriately qualified health professional
such as a nurse or general practitioner, and the
key traits of a successful coordinator are a basic
understanding of the mechanisms of each treat-
ment option and an ability to establish and main-
tain an interpersonal relationship with the patient.

The care coordinator should be actively
involved in determining the key treatment
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priorities with a thorough needs analysis, includ-
ing assessment of symptoms and disability using
standardised and validated instruments. From the
patient clinical profile, a patient-specific model of
care should be established in collaboration with
the patient that targets the priority symptoms with
the safest and least invasive modalities in the first
instance, with focus on the core treatment options
(Fig. 2.4). The care coordinator should aim to
perform a thorough reassessment of the patient’s
condition at appropriate milestones, such as con-
clusion of supervised therapy. Positive feedback
to the patient regarding the effectiveness of the
program improves compliance and likelihood of
sustaining ongoing improvement.

2.5 Summary and Conclusions
Historically knee osteoarthritis has been thought
to have very limited treatment options, but clini-
cians and patients in the present day have many
options to relieve symptoms and restore function
reasonably quickly and safely. Many of the regu-
larly promoted options have questionable clinical
efficacy and safety, and it can be difficult to sepa-
rate valid evidence from advertising to determine
the most appropriate options with information
publicly available, particularly through popular
Web search engines. For this reason, this chapter
has highlighted a series of core non-surgical
treatment options based on the highest quality
consensus recommendations from authoritative
sources. In addition, a series of options have been
identified that could provide viable treatments,
with evidence of clinical efficacy that has been
established since publication of the consensus
recommendations. Given the limited surgical
options, particularly for younger patients, estab-
lishing and maintaining optimal non-surgical
treatment is critical for these patients and is an
area that all health professionals managing these
patients should be familiar with.

The onset and progression of knee osteoarthri-
tis is a multifactorial and complex process, which
can be targeted by a dynamic and adaptive mix of
treatment options for symptom relief in the early
stages of the disease. In light of this, this chapter

has also presented some recommendations for
how patient care should be arranged in a coordi-
nated manner with a close working relationship
between a care coordinator and the patient, with
a mix of specialists providing specific treatment
input where appropriate. Although the recom-
mendations for non-surgical management of
knee osteoarthritis will continue to rapidly
evolve, this chapter provides a basis for clinicians
and patients to have an informed discussion on
current treatment options for optimising non-
surgical management of knee OA. This should
always predate any discussion of surgical man-
agement and hopefully if applied effectively, will
allow appropriate deferment of surgical manage-
ment until absolutely necessary.
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3.1 Anatomy and Development

of the Meniscus

The menisci (Fig. 3.1) are two crescent-shaped
fibrocartilaginous structures that are found within
each knee between the femoral condyles and the
tibial plateau. Earlier, they were considered as
functionless remnants of a leg muscle [1]. In 1942,
Murray [2] stated that “when the knee joint is
opened on the anterior aspect and the suspected
cartilage appears normal, its removal can be under-
taken with confidence if the diagnosis of a poste-
rior tear has been arrived at clinically prior to the
operation. A far too common error is shown in the
incomplete removal of the injured meniscus.”

Fig.3.1 Normal meniscus
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The menisci enhance the stability of the knee
joint by deepening and hence increasing the con-
tact area between the femoral condyles and the
tibial plateau. They help dissipate the contact
hoop forces evenly across the articular surface.
By virtue of the nerve endings in their anterior
and posterior thirds, they contribute to the pro-
prioception in the knee joint. The menisci also
aid in lubrication in the knee joint [1, 2].

3.1.1 Embryology

In the developing embryo in the 28th-32nd day
stage, the lower limb buds form opposite the lower
lumbar and upper sacral segments. Gardner and O’
Rahilly [3], Mc Dermot [4] and others provided
detailed descriptions of the prenatal development
of the knee joint. However, they largely described
the embryonic development of the joint (i.e., prior
to three gestational months) [5]. Thus, the intra-
uterine development is divided into four stages:

1. Formation of the uniform interzone:

The osteogenesis of the long bones starts
from the 6th week onwards from primary
ossification centres in the middle of the carti-
laginous anlage of the long bones.

2. Formation of the three-layered interzone:

At the end of the embryonic period
(8 weeks, stage 23), the cells of the menisci
are round and randomly arranged. The super-
ficial cells begin to orient themselves parallel
to the joint surface.

3. Meniscal cell differentiation:

A layer of decreased cell density separates
the menisci from the tibial plateaux. By 10
weeks, the densely celled menisci can be eas-
ily distinguished from a loose celled tissue
peripherally which contains blood vessels.

4. Collagenous matrix formation inside the
menisci:

At 12 weeks, some blood vessels penetrate
the peripheral third of both menisci. The orien-
tation of collagen fibres becomes obvious at 14
weeks: it is parallel to the joint surface on the
inner part of the menisci, and by 40 weeks, the
vascularity of the entire meniscus is defined.

Fig.3.2 Discoid lateral meniscus complete type

Fig.3.3 Discoid lateral meniscus incomplete type

3.1.2 Discoid Meniscus

A congenital variant of the normal morphology
of the meniscus is the discoid meniscus (Figs. 3.2
and 3.3). Smillie [6] suggested that this variation
in structure is due to a failure of the foetal discoid
form of meniscus to involute. He found in his
series an incidence of around 6 %. A comprehen-
sive study by Nathan and Cole [7] found 2.5 % of
the menisci to be discoid. They are more com-
mon on the lateral side than the medial and rarely
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ever are found in both compartments. These can
cause symptoms of snapping and popping in the
knee in children, usually between the ages of 6
and 12 years.

The entity of discoid lateral meniscus was first
reported by Young [8] in 1889. In a small per-
centage of these patients, there is no attachment
of the posterior horn to the tibial plateau and
instead a continuous Wrisberg ligament. This
absent insertion may have implications for menis-
cal stability, although instability of clinical sig-
nificance is uncommon.

Multiple classifications have been proposed,
the most commonly used being the Watanabe
et al. [9] system of 1978. They described three
different types:

1. Complete, disk-shaped meniscus with a thin
centre covering the tibial plateau

2. Incomplete, semilunar-shaped meniscus with
partial tibial plateau coverage

3. Wrisberg-type, hypermobile meniscus result-
ing from deficient posterior tibial attachments

In 1998, Monllau et al. [10] identified a fourth
type: the ring-shaped meniscus. Good et al. [11]
proposed an interesting classification based on
the discoid meniscal instability as anterior or
posterior. In the vast majority of discoid menisci,
the meniscus is simply an incidental finding on
either MRI or arthroscopy and is asymptomatic.

3.1.3 Composition and Histology

Clarke and Ogden [12] are credited with the
description of the postnatal development study of
the human menisci, correlating anatomy and his-
tology. The normal human meniscal tissue is
composed of 72 % water, 22 % collagen, 0.8 %
glycosaminoglycans and 0.12 % DNA [13].
Histologically, the menisci are fibrocartilaginous
and are primarily composed of an interlacing net-
work of collagen fibres interposed with cells,
with an extracellular matrix of proteoglycans and
glycoproteins. Type I collagen accounts for over
90 % of the meniscal collagen, the remainder
consists of types II, I and IV [14]. Bullough

et al. [15] found that the principal orientation of
the collagen fibre is circumferential, to withstand
tension. They also found some radially oriented
collagen fibres which were believed to act as
“ties” holding the circumferential fibres together.

This arrangement provides good tensile
strength and aids in evenly distributing forces
across the articular surface [16]. The circumfer-
ential fibres absorb the compressive forces,
whereas the radial fibres help prevent longitudi-
nal splitting [17]. Disruption of the meniscal
integrity leads to uneven loading of the joint car-
tilage, leading to early osteoarthritis [18]. Each
meniscus is divided into three segments: anterior
third, middle third (body) and posterior third. It is
the outer 20-30 % which is vascular (red zone)
and is supplied by the medial and lateral genicu-
late arteries, respectively. The inner two thirds of
the menisci are relatively avascular (white zone).
This distribution of blood supply determines the
treatment of meniscal tears [19].

3.2  Role and Functions
Over the years, understanding the functions and
roles of the menisci has changed dramatically,
and since King’s paper in 1936 [20], numerous
studies have shown that the menisci play impor-
tant roles. They have now been recognised as key
primary stabilisers and weight transmitters in the
knee and primarily distribute the contact forces
across the tibiofemoral articulation, which is
achieved through a combination of the material,
geometry and attachments of the menisci.
Fukubayashi and Kurosawa [21] examined the
intra-articular contact areas using a casting
method employing silicone rubber and found that
the menisci combined occupied 70 % of the total
contact area within the joint. Walker and Erkman
[22] also used casting technique in their study
and deduced that under no load, contact occurred
primarily on the menisci, but that with loads of
150 kg and more, the menisci covered between
59 and 71 % of the joint contact surface area.
The medial meniscus is the larger of the two
and covers about 50 % of the medial tibial pla-
teau. The anterior third is attached to the medial
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tibial spine just (7 mm) anterior to the anterior
cruciate ligament (ACL) insertion. The posterior
third attaches anterior to the attachment of the
posterior cruciate ligament (PCL). Medially, it is
attached to the femoral condyle and tibial plateau
by means of the coronary ligaments which form
the deep portion of the medial collateral ligament
[23]. The peripheral capsular attachment of the
medial meniscus is continuous. This relative
immobility of the medial meniscus renders it at a
higher risk of injury when compared to the lateral
meniscus [24, 25].

The lateral meniscus, which is the smaller
of the two menisci, covers about 70 % of the
lateral tibial plateau. The anterior third attaches
anterior to the tibial spine sharing some fibres
with the ACL. The posterior third is attached
just posterior to the tibial spine [23]. The
peripheral capsular attachment is interrupted
by the popliteus hiatus through which passes
the popliteus tendon. The meniscofemoral lig-
aments attach the posterior third of the lateral
meniscus to the lateral margin of the posterior
medial femoral condyle. The anterior part is
called the ligament of Humphrey, and the pos-
terior one is the ligament of Wrisberg. It is
more mobile than the medial meniscus and
may displace up to 1 cm, which may explain
why meniscal injuries occur less frequently on
the lateral side [24, 25].

The discoid meniscus (Figs. 3.2 and 3.3) is a
developmental anomaly in which the meniscus is
thickened and is disk shaped. Discoid medial
menisci are very rare with a reported incidence of
0.06-0.3 % [26, 27] of the general population.
Discoid lateral menisci are more common with a
reported incidence of 1.4-15.5 % [28]. The
Koreans and Japanese have a higher incidence
(16 %) than the Caucasians (5 %) [29]. They are
of three types: partial, complete and the Wrisberg
type [30]. Partial and complete variants are deter-
mined by the amount of coverage of the tibial
plateau. They have normal tibial attachments and
are stable. The Wrisberg type has no posterior
capsular and tibial attachment. The only attach-
ment is the meniscofemoral ligament of Wrisberg.
These are highly mobile and unstable but fortu-
nately relatively uncommon.

3.3  Meniscal Tears

The incidence of meniscal tears is about 61/100,000
persons per year in the United States [31] and
60-70/100,000 persons in Europe [32]. This is a
highly estimated figure as many tears are asymp-
tomatic and a similarly high number is seen in
degenerative knees. Meniscal tears are more com-
mon in males (male: female=2.5:1 to 4:1). Anterior
cruciate ligament injuries are associated with almost
a third of meniscal tears, more commonly the lateral
meniscus in the acute injury setting [33, 34].

Meniscal tears can occur as a result of acute
events and also from chronic degeneration.
Meniscal tears usually occur secondary to axial
and rotational loads, and activities in which sud-
den stopping and turning movements occur lead
to a majority of tears. Instability increases the
risk of meniscal tear, and a significant number of
tears occur with anterior cruciate ligament inju-
ries. 32 % of meniscal tears happen during a
sports injury, 39 % during activities of daily liv-
ing such as squatting and 29 % do not have any
identifiable cause/event [33].

Meniscal injuries are usually accompanied by
sudden onset of pain in the involved knee fol-
lowed by a delayed onset of swelling, and tender-
ness is wusually present in the involved
compartment. Mechanical symptoms such as
locking, catching and giving way are frequently
seen. Joint effusion is present and pain is felt on
deep flexion or on squatting. Special tests include
joint line tenderness and the McMurray and
Apley grinding test. Joint line tenderness is the
most sensitive test with a sensitivity of 74 %. A
positive McMurray test with a palpable clunk is
very specific for a meniscal tear (98 % specific-
ity) but has a sensitivity of only 15 %. A positive
Apley grinding test has a specificity of 70 % and
sensitivity of 60 % [35-37]. Symptoms of associ-
ated ligament injuries may also manifest. Chronic
degenerative tears present with episodes of
mechanical symptoms. On top of the underlying
pain of the degenerative process in the knee, the
patient may complain of locking and/or catching
of the knee. An injury or twisting episode is not
necessary to produce these symptoms. Magnetic
resonance imaging (MRI) is the investigation of



3 Meniscus Surgery

35

2012-11-09 08:54:30
K]

Fig.3.4 Flap tear of medial meniscus

Fig.3.5 Complex tear medial meniscus

choice to detect meniscal tears. X-rays are often
performed to rule out any osseous injury.
Meniscal tears are classified on the basis of
tear location, tear pattern or by blood supply. On
the basis of tear location, they are anterior horn
tears, tears of the body, posterior horn tears and
root avulsions. Tears classified on the basis of
pattern of tear are flap tears (Fig. 3.4), radial
tears, complex/degenerative tears (Fig. 3.5), lon-
gitudinal tears, bucket handle tears (Figs. 3.6, 3.7
and 3.8), parrot beak tears (Fig. 3.9) and horizon-
tal tears [38]. Cooper et al. described a circumfer-
ential zone classification based on the blood
supply of the meniscus. Zone 0 is the menisco-
synovial junction, zone 1 is the outer third of the

Fig.3.6 Bucket handle displaced in notch

Fig. 3.7 Displaced bucket handle tear of medial
meniscus

meniscus, zone 2 includes the middle third and
zone 3 is the central third of the meniscus [39].
The International Society of Arthroscopy,
Knee Surgery and Orthopaedic Sports Medicine
(ISAKOS) formed a Meniscal Documentation
Subcommittee in 2006 with the objective of
developing a reliable, international meniscal
evaluation and documentation system to facili-
tate outcomes assessment. In an interobserver
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Fig. 3.8 Undisplaced bucket handle tear of medial
meniscus

2012-12-19 10:52:57
3

Fig.3.9 Parrot beak tear of medial meniscus

reliability study, Anderson et al. [40] concluded
that the ISAKOS classification of meniscal tears
provided sufficient interobserver reliability for
pooling of data from international clinical trials
designed to evaluate the outcomes of treatment
for meniscal tears.

Meniscal root tears (Fig. 3.10) differ distinctly
from tears of the anterior or posterior horn of the
meniscus. Meniscal roots are ligamentous attach-
ments that help anchor the anterior and posterior
horns of the meniscus to the tibial plateau. Root
tears may or may not be associated with tears of
the meniscus, and isolated root tears can occur
with no meniscus tear itself. The meniscus is no
longer anchored at the root attachment, leading to
secondary extrusion. In this scenario, the menis-
cus will no longer perform its normal function of

Fig.3.10 Lateral meniscus root tear

buffering the mechanical load imposed on the tib-
iofemoral joint, leading to tibiofemoral cartilage
loss. In 2013 in a multicentre study, Guermazi
et al. [41] concluded that isolated medial posterior
meniscal root tear is associated with progressive
medial tibiofemoral cartilage loss.

Based on tear morphology, LaPrade et al. [42]
classified meniscal root tear patterns into the
following:

Type 1: Partial stable root tears

Type 2: Complete radial tears within 9 mm of the
bony root attachment (further subclassified
into types 2A, 2B and 2C, located 0 to <3 mm,
3 to <6 mm and 6 to 9 mm from the root
attachment, respectively)

Type 3: Bucket-handle tears with a complete root
detachment

Type 4: Complex oblique tears with complete root
detachments extending into the root attachment

Type 5: Bony avulsion fractures of the root
attachments

Takahashi et al. in their study aimed to identify
factors on routine pulse sequence MRI associ-
ated with cartilage degeneration observed on T1p
relaxation mapping. They concluded that poste-
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rior root/horn radial tears in the medial meniscus
are particularly important MRI findings associ-
ated with cartilage degeneration observed on T1p
relaxation mapping. Morphological factors of the
medial meniscus on MRI provide findings useful
for screening early-stage osteoarthritis.

The importance of anatomical repair of menis-
cal root tears was emphasised by LaPrade et al.
[43] in another study. They concluded that the non-
anatomic repair did not restore the contact area or
mean contact pressures to that of the intact knee or
anatomic repair. However, an anatomic repair pro-
duced near-intact contact area and resulted in rela-
tively minimal increases in mean and peak contact
pressures compared with the intact knee. Papalia
et al. [44] stated that biomechanical and clinical
studies demonstrate that surgical repair of acute,
traumatic meniscal root injuries fully restores the
biomechanical features of the menisci, leading to
pain relief and functional improvement.

3.3.1 Meniscectomy

and Osteoarthritis

Fairbank [45] as early as 1948 reported radiographic
changes in the knee after total meniscectomy,
describing osteophyte formation, femoral condyle
flattening and narrowing of joint space. Baratz et al.
[46] demonstrated a decrease in tibiofemoral con-
tact area by 10 % and an increase in peak local con-
tact stress by 65 % with partial meniscectomy, and
these values increased to 75 % and 235 %, respec-
tively, in situations where total meniscectomy was
done. Tapper and Hoover [47] stressed the impor-
tance of joint instability as a predisposing factor for
joint osteoarthritis instability following total menis-
cectomy. Hsieh and Walker [48], Levy et al. [49]
and Hollis et al. [50] also stressed the important
function of the menisci as secondary stabilisers,
particularly the medial meniscus in providing resis-
tance to A-P translation in ACL-deficient knees.

34  Treatment

Treatment of meniscal tears has evolved from
conservative to surgical, from open to arthroscopic
technique and from total meniscectomy to partial

meniscectomy and meniscal repair. Meniscal
allograft transplant has also evolved as a salvage
procedure to replicate the meniscal function.

3.4.1 Non-operative Treatment
Non-operative treatment is appropriate for mini-
mally displaced degenerative tears and consists
of activity modification, physical therapy, local
ice packs and anti-inflammatory medication.
Once the acute pain subsides, the patients are
prescribed range-of-motion (ROM) exercises,
and after attaining full ROM, any muscle imbal-
ance is corrected [51]. If symptoms fail to settle,
then arthroscopic surgery can be considered but
is usually unnecessary.

3.4.2 Meniscectomy

Historically, the surgical treatment of an injured
meniscus was open complete excision. Bland
Suttons in 1897 had described the menisci as func-
tionless remnants of intra-articular leg muscles.
McMurray [52] advocated a total meniscectomy
for any meniscal tear and had gone to the extent of
stating that “a far too common error is shown in
the incomplete removal of the injured meniscus”.
This philosophy was shown to be detrimental to
the articular cartilage as described by Fairbanks in
1948, who described the changes in the knee joint
following a meniscectomy which included ridge
formation, narrowing of the joint space and flat-
tening of the femoral condyle [53]. Further studies
delineated the importance of preserving the menis-
cus as demonstrated by decreased contact areas
and increased peak contact stress after a partial
and/or total meniscectomy [54, 55]. Post menis-
cectomy, 74 % of knees had at least one Fairbank
change and 39.4 % had degenerative arthritis as
compared to 6 % of the contralateral normal knee
[55]. Results of lateral meniscectomy are worse
than that of medial meniscectomy, and resection of
both menisci produced worse results than excision
of a single meniscus. With the evolution of
arthroscopic techniques, in the present day, almost
all procedures related to the meniscus are done
arthroscopically.
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Meniscal tears in young patients and those
associated with ACL tears should be repaired if at
all possible. If the meniscus tear is complex and
in an avascular zone, then it has no potential for
healing, and a partial meniscectomy should be
done. During a partial meniscectomy, unstable
fragments should be removed to create a smooth
transition, thus maintaining a functional menis-
cus. The short-term results of partial meniscec-
tomy are excellent [56, 57]. Every attempt must
be made to preserve as much of the meniscus as
possible.

3.4.3 Meniscal Repair

The decision to repair a meniscus is dictated by
the location of the tear [58, 59]. The indications
for a meniscal repair are acute symptomatic tears:
longitudinal orientation, peripheral red-on-red
and red-on-white tears, greater than 10 mm in
length with instability to probing and particularly
with concomitant ACL reconstruction.

Chronic tears, degenerative tears, tears in the
avascular zone and those associated with infec-
tion or rheumatoid arthritis have no potential
for healing and are unsuitable for meniscal
repair.

Meniscal repair includes inside-out techniques
(Fig. 3.11), outside-in techniques and all-inside
meniscal repair techniques.

The inside-out technique of meniscal repair is
the gold standard and has given the best results to
date. This technique is indicated for the tears of
the body and posterior horn. A 73-91 % rate of
success has been reported [60, 61]. Relook
arthroscopies have demonstrated a 65-83 % rate
of meniscal healing [62, 63]. Concomitant ACL
reconstruction improves meniscal healing rates
[64]. Meticulous adherence to surgical detail is a
must to avoid neurological complications. Inside-
out technique is suitable particularly for tears in
the meniscal body, whereas the outside-in tech-
nique is required for anterior horn tears.

All-inside meniscal repair devices are
increasingly being used because of shorter
operating times, smaller incisions and the abil-
ity to be used in areas of the meniscus which

Fig.3.11 Inside-out meniscal repair

are difficult to reach via an open procedure,
particularly the posterior third of the menis-
cus. Many products have been available since
the advent of this technique, and these include
the Meniscus Arrow, T-Fix, S-D-sorb staple,
Biostinger, Fastener, Clearfix screw, Dart,
FAST-FIX, RapidLoc, MaxFire, Cinch and the
Sequent. The newer devices are suture based and
allow for compression across the meniscal tear.
The success rate is around 85 % based on the
published reports. As the follow-up increases,
the failure rates increase too (0-43 %). Further
studies are required to be able to formulate evi-
dence-based guidelines for the use of all-inside
devices for meniscal repair [65, 66].

Meniscal root tears are increasingly being
identified as their significance in meniscal
function is understood and recognised. Lateral
meniscal root tears occur commonly with ACL
tears. Medial meniscal root tears occur in a
bimodal pattern. In the under-40 age group,
they are seen in conjunction with other liga-
ment tears secondary to sports injury, whereas
in the over-40 age group, seemingly trivial
trauma usually leads to these tears. Since the
implication of a complete meniscal root lesion
is complete loss of meniscal function, meniscal
root repair is indicated in acute tears in younger
patients to restore meniscal function [67, 68].
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Fig.3.12 Meniscal allograft

Fig.3.13 Meniscal allograft with bone block

3.4.4 Meniscal Transplant (Figs. 3.12
and 3.13)

Patients who have had previous meniscectomy
and have localised knee pain and functional dis-
ability secondary to meniscal deficiency may be
appropriate for meniscal transplant.

Whilst meniscal repair is the treatment of
choice whenever possible, this procedure is
not possible for many complex meniscal tears
and may result in complete loss of meniscal

function. This is particularly so for radial tears
which extend to the meniscal rim. If the patient
subsequently has recalcitrant localised pain in
the meniscectomised compartment, meniscal
allograft may be considered. The joint should be
well aligned with minimal chondral wear to be
appropriate for consideration.

Milachowski performed the first meniscal
transplantation in 1984 in Munich University
[69]; meniscal allografts have been found to be a
feasible option for young patients with previ-
ously meniscectomised knees [70]. Menisci are
‘immune privileged,” and studies have found lit-
tle evidence of rejection [71]. The grafts readily
heal at the repair site, and biomechanical testing
has found that the grafts reduced joint forces
compared to meniscectomy [72].

Four types of allografts are available:

Fresh

Fresh-frozen
Cryopreserved
Lyophilised (freeze-dried)

Viable donor cells in the transplanted menis-
cus are preserved only in fresh grafts and to a
lesser extent in cryopreserved grafts. Deep freez-
ing may denature histocompatibility antigens
[73] and make a graft less immunogenic.
Lyophilised grafts are prone to reduced tensile
strength, graft shrinkage, poor rehydration and
synovitis [74] and are best avoided.

Indications for allograft include young
patients with prior meniscectomy with persistent
pain in the involved compartment and with well-
preserved articular cartilage, normal alignment
and a stable joint [75]. Transplantation can also
be considered in the presence of focal grade IV
chondral changes, ligament instability or limb
malalignment, provided these can be corrected
prior to or during the surgery.

The use of allografts includes a potential for
immune reactions and the risk of disease trans-
mission. Although meniscus allografts are con-
sidered ‘immune-privileged’, they have been
demonstrated to express class I and II histocom-
patibility antigens, which confer a potential for
host immune response [76]. Bone plugs attached
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to the meniscal graft may increase the risk of
immune reaction [77, 78].

Different methods for meniscus allotransplan-
tation include both open and arthroscopic tech-
niques, with or without the use of a bone block
for lateral meniscus and bone plugs for medial
meniscus.  Arthroscopic  techniques afford
reduced surgical morbidity, avoid collateral liga-
ment disruption and allow earlier rehabilitation.
Biomechanical cadaver studies have shown supe-
riority of a bony fixation over soft tissue fixation
technique at the attachments of the meniscal
horns [79-81]. However, with bone plugs/block,
the implantation technique including allograft
sizing is more exacting.

Correct size of the allograft is important for
successful healing and functionality and to maxi-
mise the graft’s potential capacity to be chondro-
protective [82]. Knee joint tolerance for size
mismatch is minimal, and graft size should be
within 5 % of the original meniscus [83]. It is
important to obtain an accurate attachment of the
anterior and posterior horns of the transplant to the
anatomically correct site of the tibial host and then
secure attachment of the peripheral edge of the
transplant to the host capsule. Exact cephalad or
caudal attachment of the transplant to the host cap-
sule is essential to prevent premature peripheral
capsular separation and for recruitment of periph-
eral host soft tissue structures that will then restrain
improper rotational and anterior translation.

Complications after this procedure are infre-
quent and include arthrofibrosis, loss of bony
fixation, detachment of the allograft from the
bone block, allograft tears and failure to heal.

3.5 Rehabilitation

Rehabilitation after meniscal surgery is tailored
around the procedure performed. In case of a
meniscal debridement or a partial meniscectomy,
attention focuses on achieving full range of
motion, strengthening of muscles and early return
to full activity. Weight bearing as tolerated is
started immediately after surgery. It is important
to progress weight-bearing activities gradually to
avoid development of overload symptoms, and

patients with significant meniscal deficiency
should be counselled about the risk of arthritis
and activity modifications that may be appropri-
ate to reduce this risk.

In the event of a meniscal repair, restriction of
weight bearing has not been shown to have any
detrimental effect on meniscal healing, nor has
progression of range of motion. For this reason,
weight bearing and range of motion can usually
be progressed as tolerated. Meniscal healing will
most likely require a minimum of 3 months to
approach normal strength, and it is sensible to
avoid any forced passive flexion, running and
twisting or pivoting activities during this period.
A gradual return to sport can usually proceed
after this period. When meniscal repair is done in
conjunction with ACL reconstruction, the patient
will usually follow a standard rehabilitation pro-
tocol. The only exception to these rules is menis-
cal root repairs which are under increased stress
with weight bearing, which should therefore be
restricted for approximately 6 weeks.

Conclusions

The menisci are critical to the function of the
knee joint and have important roles in provid-
ing shock absorption, stability and joint lubri-
cation. Meniscal tears can occur either as a
result of acute injury or degeneration with age.
Loss of meniscal tissue and associated function
has significant implications, particularly in
younger patients, and therefore, every attempt
should be made to preserve meniscal tissue
whenever possible either by avoiding unneces-
sary resection or performing meniscal repair. In
the case of meniscal deficiency, patients should
be counselled about the implications and
advised carefully about management options to
minimise the development of osteoarthritis par-
ticularly in the younger age groups.
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This chapter presents evidence to help answer the
question as to whom, if anyone, with knee arthri-
tis should undergo knee arthroscopy and provides
recommendations on alternative treatments.

4.1 The History of Joint
Debridement

Debridement of the knee joint for osteoarthritis
was first described in English literature by Haggart
in 1940 [1, 2] and by Magnuson in 1941 [3].

Pridie [4] presented to the British Orthopaedic
Association in 1959 the results of his findings with
re-exploration of four knees after previous exten-
sive debridement that included drilling with a
0.25 in. drill bit into sclerotic bare bone on the
medial condyle. The findings in the four patients
whose surgery had not successfully relieved symp-
toms showed that the previously bare medial femo-
ral condyle was covered by fibrocartilage. Insall
reported the results of Dr Pridie’s work in 1967 [5].
The patients had an average age of 53 years, and
after the surgery, 79 % functioned with little or no
pain and 84 % flexed to 90° or more. Seventy-seven
per cent of the patients thought the operation was a
success. Pridie, as well as Haggart and Magnuson,
emphasised the importance of correct patient selec-
tion in performing knee debridement. The patients
were more likely to be happy with their operation if
they were middle aged, robust, and capable of a
vigorous rehabilitation programme.

43


mailto:mcoolican@sydneyortho.com.au

44

M.R.J. Coolican and K. Dhurve

There were subsequently few other reports
of the results of open debridement, and it is
an operation that did not stand the test of time.
The advent of joint arthroplasty in the 1970s
replaced joint debridement, and around this
time, arthroscopic surgery that had developed
in Japan in the first half of the twentieth cen-
tury gradually became more popular and wide-
spread in Europe, North and South America,
and Australasia. Until the 1960s, it was a sur-
gical procedure confined largely to Japan. Not
surprisingly, the advent of arthroscopy saw a
resurgence of joint debridement for osteoarthri-
tis particularly in patients whose symptoms and
radiographic wear were not considered suffi-
ciently advanced to merit joint replacement. The
enthusiasm for arthroscopic treatment of the
mild to moderately arthritic knee in the 1980s
and 1990s was unprecedented given its lower
morbidity compared with open debridement.
But, it should also be pointed out that an opera-
tion that by and large had at the most moderate
success as an open procedure would likely have
much the same results when performed with
the lower morbidity arthroscopic procedure.
Subsequent years have seen the publication
of several well-conducted trials evaluating the
efficacy of arthroscopic knee surgery for osteo-
arthritis and have shown arthroscopic debride-
ment to be no better than other non-operative
treatments. Whilst the results of these studies
are well recognised in the orthopaedic commu-
nity, there has been surprisingly little alteration
in the rates of surgery across the globe.

4.2 Trendsin the Rate
of Arthroscopic Knee

Surgery

Wai et al. [6] published in 2002 a study of the
incidence of arthroscopy from 1992 to 1996 in
Canada (Fig. 4.1). It was a population-based
comparison of patients over the age of 50 under-
going arthroscopic surgery. At 12 months follow-
ing arthroscopic surgery, 9.2 % of patients had
undergone a total knee replacement, and this fig-
ure was 19 % for those over the age of 70.

1.8

T
/

1.2 /

92 93 94 95 96
Year

Fig. 4.1 Age and gender-adjusted population rates (per
1000) of arthroscopic knee debridement by year [6]

Hawker et al. [7] in 2008 published a
population-based comparison of the incidence of
arthroscopy in Bristol, UK, and Ontario, Canada,
for the years 1993, 1997, 2002, and 2004. Whilst
the performance of arthroscopy mostly increased
over time in both nations, there was a fall in
Ontario between 1993 and 1997 followed by an
increase. The authors compared the incidence of
arthroscopy in each of the four income quartiles
for both regions and found that the highest rate of
arthroscopy was in the higher income quartile for
both nations. In Bristol, 4.8 % of the patients pro-
gressed to a total knee replacement over the sub-
sequent 12 months, and for Ontario, Canada, this
figure was 8.5 %. In the same years in Bristol,
2.7 % of all patients undergoing total knee
replacement had undergone an arthroscopic pro-
cedure in the prior 12 months, and in Canada this
figure was 5.7 %.

Dearing and Brenkel [8] in 2010 looked at the
incidence of arthroscopy across 15 health regions
in Scotland. They described a marked regional
variation from a high of 36 arthroscopies per
100,000 population to a low of 5. The authors also
reported on the incidence of total knee replace-
ment in the same period within each region and
demonstrated a poor match on the incidence of
arthroscopy and total knee replacement. This
work did not indicate if the incidence of arthros-
copy was related to patient-surgeon ratios.
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Harris et al. [9] reported in 2013 on the inci-
dence of arthroscopy in Australia. Whilst there
have been a steady number of total arthroscopies
performed in the period 2000-2008, there has
been a slight decline in the public sector and an
increase in the private sector. Interestingly, these
rates are approximately ten times the greatest inci-
dence of arthroscopy performed in Tasmania. The
age groups from 45 to 64 and 65 to 74 show an
increasing rate, whilst other age groups are declin-
ing. The conversion rate to a total knee replace-
ment within 24 months of total knee replacement
declined from 23.2 % in 2000 to 20.1 % in 2006.

Bohensky et al. [10] utilised rates of total knee
replacement for comparison with the incidence
of arthroscopy rather than relying on population
base alone, their reasoning being that rates of all
types of knee surgery are increasing and the rate
of TKR could be an indexed comparison. Whilst
this group demonstrated a decrease in arthros-
copy rates overall in the period 2000-2009, there
was no decrease in patients with a diagnosis of
arthritis undergoing arthroscopic surgery.

A summary of the trends in arthroscopic knee
surgery would indicate that across the globe,
orthopaedic surgeons are performing arthroscopic
knee surgery at the same or greater rates in the
past 15 years with a marked regional variation
not necessarily explained by surgeon numbers or
method of remuneration. Over 20 % of patients
aged greater than 60 years undergoing knee
arthroscopy have a total knee performed within 2
years, and it is likely that the arthroscopic surgery
was either unnecessary or possibly contributed to
the deterioration of the knee.

4.3 Literature Review

Arthroscopic Lavage

The principle of arthroscopic lavage is to remove
chondral debris, loose synovial fragments, and
synovial fluid with associated inflammatory cyto-
kines from the joint. This can be achieved with
either separate inflow or outflow points through
two portals, or lavage may be tidal with varia-
tions in volume of fluid and length of time it is in
contact with the joint.

Earlier observational studies suggested there
were benefits to knee lavage. Livesley et al. [11]
in 1991 showed significant benefit of washout
over physiotherapy, and Jackson and Dieterichs
[12] in 2003 reported a retrospective series of sig-
nificant relief lasting 1-5 years after washout.

In 2000, Kalunian et al. [13] published a mul-
ticentre randomised double-blind placebo con-
trolled trial of 90 patients. Group 1 received
arthroscopic irrigation with 3000 ml, whilst
group 2, the placebo group, received 250 ml of
arthroscopic irrigation. There was improvement
in pain at 12 months in favour of full irrigation
which was found to be of particular benefit in
patients with crystal arthropathy.

A Cochrane review published by Reichenbach
et al. [14] in 2010 included seven small series.
There was little evidence in these series of benefit
in pain relief or function at 3 months and at 1 year
with the authors commenting that trials with a
sham procedure that closely mimicked lavage
showed a clear null effect. The small improve-
ments seen in some trials at 1 year may be due to
chance. Arthroscopic lavage for the treatment of
osteoarthritis was not recommended.

4.4  Arthroscopic Debridement

for Osteoarthritis

Arthroscopic debridement of the knee has been
practised since arthroscopy became a popular pro-
cedure in the 1970s. Success rate for arthroscopic
debridement of the osteoarthritic knee range from
40 to 75 % with multiple authors — Baumgaertner
et al. [15], 1990; Harwin [16], 1999; Hubbard
[17], 1996; McGinley et al. [18], 1999; McLaren
et al. [19], 1991; Shannon et al. [20], 2001;
Sprague [21], 1981; and Timoney et al. [22], 1990,
all reporting good outcomes with pain relief and
function. Some of these authors (Baumgaertner,
Shannon, Timoney, Hubbard, and McLaren)
showed that palliative effects were maintained for
2-5 years with McGinley, Harwin, and Aicroth,
1999; Fond et al. [23], 2002; and Dervin et al.
[24], 2003, showing the palliative effects were
maintained for between 7 and 13 years. Predictors
of a positive outcome were young patients with a
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short duration of symptoms who had early osteo-
arthritis on radiographs without malalignment
and who had mechanical symptoms.

Two randomised trials were published in the
1990s comparing arthroscopic debridement to
lavage. Chang et al. [25] in 1993 reported on 18
patients who underwent arthroscopic debridement
compared with 14 patients who underwent joint
lavage using a tidal system. This was to our knowl-
edge the first published study to cast doubt on the
efficacy of arthroscopic debridement to treat
osteoarthritis. A single-blinded assessor was uti-
lised at each site with outcome assessments being
made at 3 and 12 months utilising the pain and
functional status scales from the Arthritis Impact
Measurement System (AIMS). Withdrawals at the
12-month mark were 22 % for the arthroscopy
group and 7 % of the lavage group. There were no
statistically significant differences between the
groups at 3 months and 12 months.

Hubbard [17] compared 14 patients undergoing
arthroscopic debridement with 36 undergoing a
washout for ‘degeneration of the medial femoral
condyle’. Pain and function were measured with
the Lysholm score. The outcome assessors were
neither independent nor blinded with the loss to
follow-up being 20 % of the debridement group
and 28 % for the washout group. There was a sig-
nificant difference in pain relief at 1 and 5 years in
favour of the arthroscopic debridement group.

In 2002, Moseley et al. [26] published a
blinded control trial in which there were three
groups, 59 patients underwent arthroscopic
debridement, 61 underwent arthroscopic lavage,
and 60 had placebo surgery with a short-acting
IV tranquiliser and an opioid. In the placebo
group where the patients were partially con-
scious, they were kept in the operating theatre for
the same amount of time as arthroscopic debride-
ment, and flushing sounds and requests for instru-
ments by the surgeon were made to mimic
arthroscopic lavage or surgery. Of the 324 eligi-
ble patients (mostly male veterans), 56 % partici-
pated possibly producing a selection bias. There
was a 10 % loss to follow-up in each group with
results being presented on 163 patients who com-
pleted the trial to 2 years follow-up. Pain was
measured with the Knee Society pain score,

physical function with the AIMS 2, and SF36 at
week 2 and week 6 and at the 3, 6, 12, and 24
months mark. There was no statistically signifi-
cant difference between the arthroscopic debride-
ment and the lavage group. There were however
differences between the arthroscopic group and
the placebo with these reaching significance
favouring the placebo group at the 2 weeks and
12 months. Other than at the 18-month mark, the
placebo group scored higher on the mean knee-
specific pain scale score and the AIMS 2 walking-
bending subscale across the 2-year period.
Criticisms of this study included that non-vali-
dated measurement scales were utilised, and in
addition, there was no non-operative comparative
group.

In 2008, Kirkley et al. [27] published a single-
centre randomised control trial comparing two
groups. The treatment group underwent a combi-
nation of knee lavage and arthroscopic debride-
ment followed by optimised medical and physical
therapy for osteoarthritis of the knee. The control
group had optimised medical and physical ther-
apy alone. Of the 188 patients who randomised,
168 completed the study with a participation rate
of 89 %. There were a number of exclusion crite-
ria including patients with bucket-handle menis-
cal tears, Kellgren-Lawrence grade 4 in 2
compartments, prior arthroscopy for knee arthri-
tis, and varus deformity greater than 5°. WOMAC
and SF36 were utilised to measure outcomes.
The groups were similar in their use of medical
therapy including non-steroidals, paracetamol,
chondroitin, and hyaluronic acid injections as
well as participation in physiotherapy. Although
the arthroscopic group started with a worse
(higher) mean WOMALC score, there were no sig-
nificant differences between the two groups at all
time points. A separate analysis between surgical
and non-surgical management was made for sev-
eral subgroups. Patients with Kellgren-Lawrence
grade 2 (milder wear) had no better results with
surgery than the non-operative group, and simi-
larly, there was no benefit with surgery in
Kellgren-Lawrence grades 3 and 4 (more
advanced wear) or in patients with mechanical
symptoms such as catching and locking. The
authors’ conclusion was that arthroscopic surgery
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for osteoarthritis of the knee provided no addi-
tional benefit to optimised physical and medical
therapy.

A Cochrane review by Laupattarakasem et al.
[28] in 2008 concluded that there is ‘gold’ level
evidence that arthroscopic debridement has no
benefit for undiscriminated osteoarthritis whether
the symptoms are a consequence of a mechanical
or an inflammatory cause.

4.5 Arthroscopic Meniscectomy
for Degenerative Tears
with Little or No

Osteoarthritis

Whilst it is accepted by most orthopaedic surgeons
that arthroscopy has an extremely limited role in
the management of osteoarthritis, arthroscopic sur-
gery for degenerative tears of the meniscus in the
presence of little or no osteoarthritis is a commonly
performed procedure. There is some doubt as to
whether this procedure is always necessary with
studies demonstrating physical therapy may resolve
symptoms in a majority of patients. In 2013,
Sihvonen et al. [29] published a multicentre ran-
domised double-blind sham-controlled trial of 146
patients without osteoarthritis who were suffering
degenerative medial meniscal tears. The patients
were randomised to arthroscopy or sham surgery.
Patients were followed up at 2, 6, and 12 months.
The Lysholm score was identical for the patients at
baseline and at the 2, 6, and 12 months, whilst the
WOMET score was very similar at baseline and
higher (favourable) for the arthroscopic meniscec-
tomy group at 2 and 6 months, but at 12 months the
groups were the same. A similar pattern was seen
with pain after exercise in the two groups being
similar at baseline, better at 2 and 6 months in the
arthroscopic partial meniscectomy group and iden-
tical at 12 months. The conclusion after this trial
involving patients without knee osteoarthritis but
with symptoms of a degenerative medial meniscal
tear was that the outcomes after arthroscopic partial
meniscectomy are no better than those after a sham
surgical procedure.

Herrlin et al. [30] reported in 2007 and again in
2013 [31] on a prospective randomised study of

patients with a degenerative medial meniscal tear
without osteoarthritis. A feature of these studies is
patients declining to participate with the non-par-
ticipation rate being 41 %. Non-traumatic menis-
cal tears were divided into two groups: those that
underwent arthroscopic partial medial meniscec-
tomy followed by physiotherapy/exercise and
those who underwent physiotherapy/exercise
alone. KOOS, Tegner, Lysholm, and a visual ana-
log scale were utilised to measure outcomes.
Whilst the arthroscopy and exercise group scored
slightly better on all KOOS scales than exercise
alone, both were substantially improved. At 8
weeks the scores were similar for both the
arthroscopic/exercise group and the exercise alone
group and this continued at 6 months. The authors’
conclusion was that there was no significant ben-
efit from meniscectomy using any of the outcome
measures at 8§ weeks and 6 months. A further pub-
lication from Herrlin et al. [31] on the same group
of patients reported the results of the same cohort
at 2 and 5 years after the intervention. This showed
that both groups enjoyed highly significant clinical
improvements from baseline to follow-ups at 2
and 5 years on all subscales of KOOS as well as
the Lysholm score and VAS. However, there were
no differences between the groups. It is important
to point out that one third of the patients who were
treated with exercise therapy alone were unim-
proved after this treatment but were improved after
arthroscopic surgery. The authors conclude that
exercise therapy can be recommended as an initial
treatment with arthroscopy reserved for those who
failed to improve and that this group of patients
who undergo delayed surgery achieve the same
results as those who were immediately randomised
to surgery.

Evidence-Based Guidelines
and Statements

4.6

A review of past and current evidence-based
guidelines for the treatment of osteoarthritis with
surgery — either lavage or debridement — shows a
gradual alteration from reluctance to recommend
lavage to specific recommendations against this
surgery.
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In 2008, guidelines issued by the British
National Health Service, National Institute for
Health and Clinical Excellence (NICE) [32], con-
cluded that evidence on the safety and efficacy of
arthroscopic knee washout with debridement for
the treatment of osteoarthritis is adequate to sup-
port the use of this procedure provided that nor-
mal arrangements are in place for consent, audit,
and clinical governance. The 2008 guidelines also
suggested that current evidence showed that
arthroscopic knee washout alone should not be
used as a treatment for osteoarthritis because it
could not demonstrate a benefit in the short or
long term. In 2014, an update on these guidelines
was more specific stating that patients should not
be referred for arthroscopic lavage or debride-
ment as part of treatment for osteoarthritis unless
the patient with knee arthritis has a clear history
of mechanical locking, as opposed to morning
stiffness, giving way or X-ray evidence of loose
bodies [33].

Guidelines issued jointly by the British
Orthopaedic Association, the British Association
for Surgery of the Knee, the Combined Charter of
Physiotherapy, and the Royal College of Surgeons
of England in 2013 stated that knee arthroscopy,
lavage, and debridement should be considered in
patients with a clear history of mechanical symp-
toms, for example, locking, who have not
responded to at least 3 months of non-surgical
treatment. This group also recommended arthros-
copy when a detailed understanding of the degree
of compartment damage within the knee is
required above that demonstrated by imaging, for
example, when considering patients for surgical
intervention such as a high tibial osteotomy. The
guidelines also concluded that knee arthroscopy,
lavage, and debridement should not be offered to
patients with the non-mechanical symptoms of
pain and stiffness.

The Australian Knee Society, after a review of
the literature and consensus meeting in 2014,
published on its website a series of statements
concerning arthroscopic treatment for osteoar-
thritis of the knee as presented below.

Arthroscopic debridement and/or lavage have been
shown to have no beneficial effect on the natural
history of osteoarthritis. Nor is it indicated as a
primary treatment in the management of osteoar-

thritis. Notwithstanding, this does not preclude the
use of arthroscopic surgery where indicated to
manage symptomatic coexisting pathology in the
presence of osteoarthritis.

There are certain clinical scenarios in which
arthroscopic surgery, in the presence of osteoar-
thritis, may be appropriate — albeit after considered
discussion with the patient. These include, but are
not necessarily limited to, the following:

¢ Known or suspected septic arthritis

e Unstable meniscal tears after an appropriate
trial of non-operative treatment

¢ Symptomatic loose bodies

e Meniscal tears that require repair

¢ Inflammatory arthropathy requiring synovectomy

¢ Synovial pathology requiring biopsy or resection

e Unstable chondral pathology causing mechani-
cal symptoms

e As an adjunct to, and in combination with,
other surgical procedures as appropriate for
osteoarthritis: for example, high tibial osteot-
omy and patello femoral realignment

* Diagnostic arthroscopy when the diagnosis is
unclear on MRI

The American Academy of Orthopaedic
Surgeons 2nd  Edition  Evidence-Based
Guidelines for Treatment of Osteoarthritis of
the Knee rates the strength of their advice based
on available knowledge as either strong or
inconclusive [34]. Their Recommendation
12 in May 2013 states ‘we cannot recommend
performing arthroscopy with lavage and/or
debridement in patients with a primary diagno-
sis of symptomatic osteoarthritis of the knee.
Strength of recommendation: strong’. In
Recommendation 13, ‘we are able to recom-
mend for or against arthroscopic partial menis-
cectomy in patients with osteoarthritis of the
knee with a torn meniscus. Strength of recom-
mendation: inconclusive’.

4,7 Summary and Conclusions

The role of arthroscopic surgery to manage osteo-
arthritis of the knee is extremely limited and has
been shown to be no more effective than sham sur-
gery. However, its use as a treatment modality con-
tinues across the globe. A summary of current
evidence-based guidelines from multiple respected
national bodies recommends against the use of
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arthroscopy as a treatment for knee osteoarthritis.
Patients with a degenerative medial meniscal tear
should undergo surgery if the symptoms are not
relieved by a structured physiotherapy programme
including resistance exercises, and approximately
one third of these patients will require surgery.
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5.1 Introduction

The optimum treatment of a full-thickness defect
of knee articular cartilage in a young symptom-
atic patient remains controversial and represents
a significant challenge for orthopaedic surgeons.
Full-thickness articular cartilage defects have
limited intrinsic capacity for repair [1]. Moreover,
it has been shown that patients with isolated
symptomatic cartilage defects awaiting treatment
have similar quality-of-life scores as patients
with knee osteoarthritis awaiting total knee
arthroplasty or knee osteotomies and worse clini-
cal scores than patients awaiting anterior cruciate
ligament (ACL) reconstruction [2]. For symp-
tomatic defects refractory to conservative man-
agement, operative intervention can provide both
pain relief and functional improvement [3, 4].

5.1.1 Cartilage and Osteoarthritis

The health of articular cartilage and the develop-
ment of osteoarthritis are integrally linked.
Osteoarthritis is a degenerative joint disease char-
acterised primarily by progressive breakdown of
articular cartilage [5]. A strong correlation exists
between increasing age and the prevalence of
osteoarthritis, which is one of the most common
causes of pain and disability in middle-aged and
older people [6]. Evidence focusing on age-
related changes in the function of chondrocytes
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suggests that these alterations in articular carti-
lage can contribute to the development and pro-
gression of osteoarthritis [7]. However, the
degeneration of normal articular cartilage is not
simply the result of ageing and mechanical wear
[8]. One needs to be aware of the effect of high-
impact and torsional loads, which increase the
risk of degeneration of normal joints [6]. This risk
is increased in individuals with abnormal joint
anatomy, joint instability, disturbances of joint or
muscle innervation or inadequate muscle strength
or endurance [9]. Although the natural history of
cartilage defects is not fully understood, it is gen-
erally accepted that they too have the potential to
progress to osteoarthritis [10, 11]. Therefore, in
considering the aims of cartilage repair and resto-
ration procedures, which are to reduce pain,
restore function and limit the onset of osteoarthri-
tis, one must be mindful of the complex pathogen-
esis that exists in osteoarthritis and, in particular,
the challenges that increasing age and altered
joint anatomy present.

5.1.2 Evidence-Based Practice

The practice of evidence-based surgery for the
management of chondral defects of the knee can
be complicated. This is not only due to the het-
erogeneity in conditions and patients included
in studies in the literature but also relates to the
regional variation in treatment options approved
for use in the clinical setting [12]. However, irre-
spective of the proposed intervention, a compre-
hensive understanding of a patient’s specific goals,
in addition to a discussion of evidence-based
management options, is necessary in all cases.
Central to this is an understanding of the various
described techniques for repair or restoration of
articular cartilage defects and an appreciation of
the potential complications associated with each
[13]. Therefore, the aim of this chapter is to:

I. Describe the surgical treatment options for
articular cartilage defects.

II. Provide an up-to-date systematic analysis of
the best available evidence for cartilage res-
toration techniques.

III. Discuss the practical issue of choosing which
treatment to use based on resource availability,
surgical complexity and cost implications.

5.2  Articular Cartilage Repair
and Regeneration

Techniques

A variety of treatments have been proposed for
articular cartilage defects. The techniques can be
broadly classified into marrow stimulation tech-
niques, cellular regeneration and chondral or
osteochondral transplantation. Each of these
techniques will be discussed briefly with particu-
lar focus on the surgical technique, requirement
for resources, limitations of the procedure and
potential complications.

5.2.1 Marrow Stimulation

Techniques

5.2.1.1 Description of Technique
Marrow stimulation techniques include osteo-
chondral drilling [14], abrasion chondroplasty
[15] and microfracture [16] (Fig. 5.1). These
techniques all seek to stimulate the release of
chondroprogenitor cells from the bone cavity
through the subchondral plate into the defect to
encourage the formation of fibrocartilage (com-
posed of type I and type II collagen)[17]. This
layer is unsealed by removing the lower, calcified
layer of articular cartilage and by making holes,
which penetrate the subchondral plate. They have
been performed for more than 45 years beginning
with the simple drilling of bony surfaces and
burring or ‘abrading’ the sclerotic lesion and with
the use of awls to penetrate eburnated bone to
promote blood flow to the bony surface [18].
Microfracture is a technique introduced by
Steadman et al., which involves the accurate
debridement of all unstable and damaged articular
cartilage, down to the subchondral bone plate
while maintaining a stable perpendicular edge of
healthy cartilage [16]. An arthroscopic awl is
used to make multiple holes in the defect 34 mm
apart, ensuring the subchondral plate is kept
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Fig.5.1 Arthroscopic image of microfracture

intact. The defect is filled with so-called super
clot, which is purported to be the optimal envi-
ronment for pluripotential marrow cells to differ-
entiate into stable tissue (Fig. 5.1) [16]. The
rehabilitation protocol is an important part of
Steadman’s procedure. Early mobility of the joint
with continuous passive motion is advocated in
conjunction with reduced weight bearing for an
extended period.

These techniques are simple and minimally
invasive. They can be performed arthroscopically
and do not require complex equipment or instru-
mentation. They are readily available and inex-
pensive. The advantages of microfracture over
drilling might include reduced thermal damage to
subchondral bone and the creation of a rougher
surface to which repair tissue might adhere more
easily. It is also easier to penetrate a defect per-
pendicularly with a curved awl during an
arthroscopic procedure as compared with a drill.

5.2.1.2 Limitations

While often the simplest option for small iso-
lated defects, fibrocartilage is mechanically
inferior to hyaline cartilage (composed of type
IT collagen) [19]. It has also been noted that
there is an unpredictable volume of cartilage
repair with microfracture [20]. In addition, the
failure rates for subsequent cell transplantation
are greater in patients that had a prior micro-
fracture. Marrow stimulation techniques have,

therefore, been considered by some to be
merely a pain-relieving procedure that at best
delays the progression towards osteoarthritis
[7, 11].

5.2.1.3 Complications

It has been reported that microfracture can have a
significant effect on the micro- and macro-
architecture of subchondral bone [18]. A number
of authors have reported subchondral cysts and
intralesional osteophytes from 6 months to 5
years postoperatively [21-23]. Recently, it has
been postulated that subchondral cyst formation
is caused by infiltration of cytokines and metal-
loproteinases into the subchondral bone subse-
quent to microfracture [18]. This may explain
why the outcome of subsequent cartilage proce-
dures following microfracture has been reported
as suboptimal [24].

5.2.1.4 Biological Augmentation
of Microfracture

There is increasing evidence that modification or
augmentation of microfracture may have the
potential to enhance the quality of the repair tis-
sue formed over the cartilage defect and the pros-
pect for improved clinical outcomes [25, 26]. The
techniques described seek to provide a biological
augment to the microfracture site by delivering
cells (i.e. stem cells) and/or individual growth
factors (i.e. platelet-rich plasma), with or without
the addition of a scaffold material [27-29]. For
example, BST-CarGel, a chitosan-based medical
device, which is mixed with autologous whole
blood and applied to a microfractured cartilage
lesion, is thought to physically stabilise the clot
and guides and enhances marrow-derived repair
[30]; the results of a randomised control trial
comparing this treatment to microfracture are
discussed later on in the chapter.

5.2.2 Cellular Regeneration
Techniques

5.2.2.1 Description of Technique
Cell-based options are used in an attempt to
repair hyaline cartilage defects with chondrocyte
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Fig. 5.2 (a—c) Operative images of ACI performed to
treat cartilage lesions of the trochlea and medial femoral
condyle of the right knee: (a) two separate full-thickness
cartilage lesions (white arrows), (b) preparation of the

Fig.5.3 (a—c) Operative images of MACI to treat a carti-
lage lesion on the medial femoral condyle of the left knee:
(a) medial arthrotomy of the knee demonstrating a full-
thickness ulcerated cartilage lesion, (b) debridement of

or stem cell implantation. Autologous chondro-
cyte implantation (ACI), one of the first applica-
tions of cell engineering in orthopaedics, was
first performed by Peterson et al. in Gothenburg
in 1987 [31]. Cartilage is harvested at an initial
arthroscopy, and culture-expanded autologous
chondrocyte cells are injected into a chondral
defect underneath a patch of periosteum or col-
lagen membrane (Fig. 5.2a—c) [32].

In studies where histological analysis has been
performed, it is reported that ACI is capable of
producing tissue, which is hyaline-like in some
specimens [33]. A variation of the ACI technique
using culture-expanded bone marrow stem cells
has the advantage of not requiring an additional
arthroscopic procedure in order to harvest articu-
lar cartilage which has also reported good results
[34]. In an attempt to reduce the dedifferentiation

defect to the subchondral plate with well-defined edges
and (c) injection of chondrocytes beneath a collagen patch
(Images provided courtesy of Professor David Wood —
University of Western Australia)

the lesion to the subchondral plate and (c) insertion of the
synthetic matrix to fill the defect (Images provided cour-
tesy of Professor Julian Feller — OrthoSport Victoria)

of cultured chondrocytes, characterised chondro-
cyte implantation (CCI) was developed [35]. This
technique selects cells with a stable chondrocyte
phenotype, which is thought to produce a better
quality fill of the defect and enhanced biome-
chanical properties [35, 36].

Matrix-assisted  autologous  chondrocyte
implantation and related techniques are regarded
as second-generation forms of cell implantation
that provide a three-dimensional structure for cell
adhesion, proliferation and matrix production
[37]. A biodegradable type I/III collagen mem-
brane provides a scaffold for cultured autologous
chondrocytes, which are seeded onto the surface
(Fig. 5.3a—c) [38]. Implantation may be per-
formed arthroscopically or via mini-arthrotomy
[39]. Scaffolds are also being used with undiffer-
entiated cell sources, like mesenchymal stem
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cells derived from bone marrow, synovium and
other sources suitable for insertion in a single-
stage operative procedure [40—42].

5.2.2.2 Limitations

Although more similar to hyaline cartilage, the
best repair tissue achieved as a result of ACI is
still not morphologically or histochemically
identical to normal hyaline cartilage, and fibro-
cartilage may be found in a proportion of samples
[33]. Whereas some studies have reported that
prior bone marrow stimulation and opposing
chondral lesions lead to a higher risk of failure,
others have shown satisfactory outcomes in both
these patient groups [43—46]. Periosteal patch
hypertrophy was a significant concern in first-
generation ACI, but subsequent generations with
enhanced membrane materials have reduced this
risk [17]. One of the major drawbacks with ACI,
however, is that implantation requires two sepa-
rate operative procedures with an intervening
period of cell culture. This not only creates sub-
stantial cost and inconvenience at a clinical level
but also adds to the propensity for chondrocytes
to dedifferentiate towards a fibroblastic pheno-
type during culture [47]. Although the literature
suggests that procedures using three-dimensional
scaffolds are safe, both matrix-assisted autolo-
gous chondrocyte implantation and alternative
cell-scaffold techniques are still only available
for use outside the USA because of variations in
their regional regulation [12].

5.2.2.3 Complications

A major proportion of complications after ACI
can be summarised by four major diagnoses:
symptomatic hypertrophy, disturbed fusion,
delamination and graft failure [48]. Among those,
the overall complication rate and incidence of
hypertrophy of the transplant were higher for
periosteal ACI [48]. A systematic review by
Harris et al. determined that the failure rate is
highest with periosteal ACI and lower with
collagen-membrane cover ACI and second-
generation techniques [49]. One third of ACI
patients underwent a reoperation. Unplanned
reoperations were most commonly seen follow-
ing periosteal ACI, where hypertrophy and

Fig. 5.4 Press-fit allograft using OAT technique to
restore the articular congruency of the posterior femoral
condyle

delamination were the most frequent complica-
tion. Arthrofibrosis was most commonly seen
after arthrotomy-based ACI. The use of second-
generation techniques and all-arthroscopic
techniques reduced the failure, complication and
reoperation rate after ACI [49].

5.2.3 Chondral and Osteochondral
Transplantation

5.2.3.1 Description of Technique
Osteochondral autologous transplantation (OAT) is
a technique that aims to replace the articular carti-
lage defect with hyaline articular cartilage plugs
harvested from elsewhere in the knee (Fig. 5.4)
[50]. Osteochondral autograft plugs and mosaic-
plasty (multiple osteochondral autograft plugs of a
smaller diameter) are used to provide a whole
osteochondral unit. The advantage of this method of
treatment relates to the ability of autogenous bone
to integrate more readily compared to cartilage, thus
preserving the cartilage-bone interface [51].

Fresh osteochondral allografts may also be
used. They are particularly useful for the treat-
ment of larger chondral defects, especially when
there is damage to the underlying bone, e.g. cyst
formation [52]. Osteochondral allografts are
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often used for salvage of failed prior cartilage
procedures. Off-the-shelf natural or synthetic
osteochondral scaffolds that can be impregnated
with suitable cells may also be used [53].

Chondral graft is an alternative treatment
method, which has come to prominence recently.
Minced cartilage autograft and particulated juve-
nile cartilage allograft have been reported as grafts
for chondral repair [54-56]. Histological analysis
of both techniques has demonstrated that trans-
planted cartilage cells migrate from the extracel-
Iular matrix, proliferate and form a new hyaline-like
cartilage tissue matrix that integrates with the sur-
rounding host tissue. The techniques for minced or
particulated grafts are performed in a single-stage
procedure and are relatively straightforward.
Short-term results have demonstrated that the pro-
cedures are safe and effective [56, 57].

5.2.3.2 Limitations

Graft-site mismatch is a potential limitation of
osteochondral autograft [58]; grafts may be of dif-
ferent thickness or rotational orientation than the
host site and may not be perfectly flush or paral-
lel. Using the mosaicplasty technique may result
in gaps. Whereas the bone component of the
graft heals, there is no side-to-side healing of the
articular layer between the graft and the host. The
difference in cartilage thickness and, therefore,
mechanical properties of the graft remains a con-
cern [58]. As a result the native biomechanics of
the joint may not be recreated. Autograft is also not
always feasible for the treatment of large lesions
due to the potential for donor site morbidity.

As regards osteochondral allograft, poorer
results have been found in older patients, bipolar
and patellofemoral lesions and corticosteroid-
induced osteonecrosis [59]. Mismatch is also a
concern with large allograft, particularly related
to the size and depth of the graft and also the con-
tour of the articular surface. Allogenic tissue also
has the potential for disease transmission. There
is also questionable chondrocyte viability and a
lack of integration with surrounding tissue.

The experience with chondral grafting is lim-
ited, and given the long-standing belief that inte-
gration requires osseous contact, the long-term
survival and integration of the graft with host

tissue requires further study. Synthetic osteo-
chondral plugs are a very attractive treatment
option; however, the stringent regulatory pro-
cesses required for approval of this technology
are extremely challenging not to mention costly.
It has been estimated that it may cost up to $500
million to bring a new biological option to the
market in the USA [12].

5.2.3.3 Complications

Despite the maintenance of the integrity of osteo-
chondral autograft plug following transfer, the sur-
round articular cartilage can continue to deteriorate,
leading to a wide area of further chondral damage
[50]. Graft delamination has been reported with
osteochondral grafting and also with particulated
cartilage grafting [54, 60]. Articular surface incon-
gruity and failure of osseous incorporation can also
occur following osteochondral grafting, which is
best appreciated on postoperative MRI [60].
Osteochondral allografts are also capable of caus-
ing kissing lesions on the tibial plateau if left too
proud on the femoral condyle [61]. Recent studies
on a biphasic synthetic plug have presented con-
cerning findings with respect to both clinical out-
comes and structural analysis, with the finding of
fibrous tissue repair and foreign-body giant cells at
the defect site at the time of revision surgery [53].

5.3  Evidence-Based Practice

Despite an increase in research focus on the treat-
ment techniques available for articular cartilage
defects of the knee, there remains no consensus
as to the best available treatment option [62].
Furthermore, the vast majority of these studies
have been of low methodological quality; only
9 % of 194 studies on cartilage treatment were
level I randomised controlled trials [63] with the
majority (76 %) being level IV evidence.

For the purpose of providing clarity on the
best available evidence in the literature, a review
of the systematic reviews is provided in this
chapter along with an up-to-date systematic
review of all level I studies performed to assess
the outcome of a variety of cartilage repair and
regeneration techniques.
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5.3.1 Review of Systematic Reviews
Eighteen systematic reviews have been identified
which focus on a variety of articular cartilage
treatment techniques (Table 5.1). As with any
systematic review, the evidence provided is only
as good as the original studies chosen as part of
the selection process. Only two studies provided
a review of level I evidence [72, 76]. Vasiliadis
et al., in their study, determined that there was
insufficient evidence available from level I stud-
ies to support ACI over OAT, MACI or micro-
fracture. Moreover, Bekker et al. could only
identify four level I evidence studies published
between 2003 and 2008 [76]. The authors con-
cluded that smaller lesions should be treated by
microfracture or single plug OAT and that ACI or
OAT resulted in improved outcomes in active
patients with large articular cartilage lesions
compared to microfracture.

A further five systematic reviews contain both
level I and level II evidence. Of these systematic
reviews, two found that there was insufficient
evidence to determine a superior treatment
between ACI, OAT and microfracture [71, 77].
The remaining three studies provided differing
conclusions; Lynch et al., comparing OAT with
microfracture and ACI, concluded that OAT is
effective in smaller lesions (<2 cm?), but ACI has
superior long-term results, albeit the latter con-
clusion was based on the results of a single ran-
domised control conducted by Bentley et al. in
2012 [58, 79]; Goyal et al., in their comparison of
microfracture versus CCI, ACI and OAT, reported
that microfracture has good clinical outcomes in
small lesions and lower-demand patients; how-
ever, treatment failures were identified at 5-10
years [67]; finally, Harris et al., comparing ACI
with OAT and microfracture, stated that ACI was
associated with improved outcomes in defects
>4 ¢m? and ACI and OAT gave comparable short-
term results [80]. Interestingly, these studies were
all carried out over a period of 5 years, which
emphasises the need to be cautious in reading too
much into systematic reviews as very similar data
can be interpreted quite differently.

Thirteen further systematic reviews were anal-
ysed. Three studies contained a review of only level

IV evidence [64, 69, 70]. In two of these three stud-
ies, only one technique was studied, and unsurpris-
ingly, the results demonstrated favourable outcomes.
The third study by Windt et al. focused on all carti-
lage treatment techniques in the setting of early
osteoarthritis and determined that ACI could pro-
vide good short- to medium-term outcomes. Of the
remaining eight articles, the level of evidence
ranged from level I to IV; six out of these eight stud-
ies determined that there was insufficient evidence
to determine superiority for any of techniques
assessed, thus providing little clarity on the dilemma
of which articular cartilage treatment to use.

5.3.2 Levell Evidence: An Up-to-
Date Systematic Review

For the purpose of this chapter, an up-to-date sys-
tematic review was performed of only level I studies
according to PRISMA guidelines (Fig. 5.5). The
studies included in this systematic review were all
randomised controlled trials of a variety of articular
treatment techniques, representing the most widely
accepted practices internationally, with both short-
and long-term results being reported. Studies were
only selected if they met exacting methodological
criteria and had a low risk of bias. Nine studies were
identified with the highest level of clinical evidence
from the current body of research on the surgical
treatment of articular cartilage lesions of the knee
(Table 5.2). The main finding was that regardless of
the type of cartilage regeneration technique used, an
improvement in the measured clinical outcome was
observed compared to pre-surgical baseline levels.
In the majority of trials (7/9), microfracture was
used as the control group. Although clinical out-
comes varied between studies, microfracture was
found to be either equivalent or inferior to OAT,
ACT and MACI, but never superior. No significant
difference was found between the failure rates of
various techniques in any trial up to 5 years.
However, as expected, failure rates increased with
time, and a significant difference could be detected
between treatment methods after 10 years, empha-
sising the importance of long-term follow-up
(Table 5.3). Lesion size was determined to be
important with the overall results of the systematic
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Articles identified through database
search n = 548

Duplicate articles
N =104

A 4

Articles after exclusion of duplicates
N =444

A 4

Articles screened
N =444

Articles not meeting inclusion criteria
N =417

A 4

Full text articles assessed
N =27

Articles with results reported in a
subsequent study. N =7

A 4

Bentley 2012 and Bentley 2003
considered as same article

A 4

Full text articles qualitatively assessed

Articles excluded based on selection

N =19 criteria. N =10
v
Articles included in systematic review
N=9
Fig.5.5 PRISMA flowchart for systematic review of level I studies
Table 5.2 Cartilage technique failure rate in level I studies
Significant
Follow-up Treatment Failure difference
Bartlett et al. [81] 1 year ACI 0 NS
MACI 2 of 47 (4 %)
Bentley et al. [79] 10 years ACI 10 of 58 (17 %) P<0.001
OAT 23 of 42 (55 %)
Gudas et al. [82] 10 years OAT 4 (14 %) P<0.05
Microfracture 11 (38 %)
Gudas et al. [83] 3 years - Not stated -
Knutsen et al. [23] 5 years ACI 9 (mean 26.2 months) NS
Microfracture 9 (mean 37.8 months) (P=0.101)
Saris et al. [84] 2 years MACI 0 NS
Microfracture 2
Stanish et al. [30] 1 year - Not stated -
Ulstein et al. [85] 9.8 years Microfracture 6 (54 %) NS
OAT 5 (36 %)
Vanlauwe et al. [35] 5 years CCI 7 (13.7 %) NS
Microfracture 10 (16.4 %) (P=0.561)
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review suggesting improved short-term results with
cartilage regeneration techniques (OAT, ACI and
MACI) over MF in larger lesions (>4.5 cm?)[23, 79,
81, 84].

A systematic review of high-quality ran-
domised controlled trials comparing cartilage
repair techniques was unable to ascertain the most
effective treatment method. However, it did deter-
mine that regardless of the type of cartilage regen-
eration technique used, an improvement in the
measured clinical outcome was observed com-
pared to pre-surgical baseline levels and micro-
fracture demonstrated comparable but not superior
clinical outcomes to OAT and cartilage regenera-
tive techniques. Treatment of larger articular
defects (>4.5 cm?) with OAT or ACI resulted in
improved clinical outcomes over microfracture.
Given that no significant difference in failure rates
could be detected up to a period of 5 years, it is
important that future studies be followed to at
least this term before definitive conclusions can
be made on treatment efficacy.

Cost-Effectiveness
of Treatment

54

It is evident from the fact that microfracture is
used for the control in the majority of studies that
it is still considered the gold standard treatment
for cartilage defects of the knee. In order to frame
the decision-making process about which carti-
lage treatment method to use, one must first con-
sider the potential advantages of microfracture
such as low cost, single-stage procedure, readily
available and no donor morbidity. In the age of
escalating healthcare costs, the challenge exists
for other treatments to prove their superiority not
justin the short term but also in the longer term to
justify their expense and technical complexity.
Considering the high cost associated with
engineering chondrocytes and osteochondral
grafting techniques with equivocal clinical data,
there are limited studies focusing on the cost-
effectiveness of these therapies. While Clar et al.
attempted a cost-comparison analysis in their
systematic review of four RCTs in 2005, they
were unable to generate conclusions due to lim-

ited evidence [96]. They state that the quality-of-
life gain of ACI would need to be 70-100 %
greater than microfracture over 2 years, or alter-
natively 10-20 % maintained over 10 years, to
justify the use of ACI.

Samuelson et al. in 2012 carried out a cost-
analysis using a decision analysis model based on
outcome data, and complication rates from
patients undergoing ACI were derived from the
best evidence in the literature [97]. They deter-
mined that both periosteal ACI and collagen patch
ACI were both cost-effective. Interestingly, the
quoted price of treatment was $66,752 for perios-
teal ACI and $66,939.50 for collagen patch
ACI. The conclusion of this study would be in
keeping with an earlier study by Minas et al. in
which the authors stated that ACI remained cost-
effective even when outcomes were less than opti-
mal [98]. Frappier et al. have also claimed that the
superior results of BST-CarGel as an adjunct to
microfracture compared to microfracture alone
potentially represent a cost-saving alternative for
patients with knee cartilage injury by reducing the
risk of clinical events through regeneration of
chondral tissue with hyaline characteristics [99].
However, as has been determined the best evi-
dence in the literature offers quite variable results
with respect to the quality of cartilage tissue pro-
duced, associated complications and particularly
long-term outcomes, which may have a signifi-
cant effect on these analyses. Therefore, the cost-
effectiveness in favour of ACI or other alternative
treatments (BST-CarGel) at best remains contro-
versial and certainly inconclusive when consid-
ered on a global stage.

Conclusion

Despite the growing interest in the area of car-
tilage regeneration in recent years, the gener-
ally low methodological quality of studies
means that results need to be interpreted with
extreme caution [63]. At present, orthopaedic
surgeons treating cartilage lesions of the knee
still debride the articular surface and penetrate
the subchondral plate with the intention of
decreasing symptoms and restoring or main-
taining a functional articular surface.
Oftentimes, this is done in the knowledge that
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the results of these procedures vary consider-
ably among patients.

While experimental studies have revealed
success with a wide variety of treatment tech-
niques to stimulate the formation of a new
articular surface, thus far none of these meth-
ods have been able to reliably prevent the
onset of osteoarthritis. What is increasingly
evident is that a holistic approach needs to be
adopted for the treatment of cartilage lesions
in the knee, with due consideration given to
the structural and functional abnormalities of
the involved joint and, importantly, the
patient’s expectations for future use of the
joint. If evidence based has taught us anything
about the treatment of cartilage lesion, it is
that nothing ruins results like follow-up.
Evidence in the literature should not be
adopted with blind faith. Assessment of which
specific technique to use should be made on
an individual case-by-case basis, bearing in
mind the technical skills and resources
required, the availability of the technology
and the needs of the patient. It is important
that future studies be followed out to at least 5
years before definitive conclusions can be
made on treatment efficacy.
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the management of knee osteoarthritis.
Historically, the first high tibial osteotomy (HTO)
was performed by Jackson in 1958 with a ball
and socket osteotomy below the anterior tibial
tuberosity and osteotomy at the middle third of
the fibula [1]. Gariepy performed the osteotomy
above the anterior tibial tubercle and reported
good results in patients with knee osteoarthritis.
Following these experiences, HTO was used by
several authors. In the same period, opening
wedge technique of HTO was developed in
France [3, 4] with medial approach, using
allograft or autograft bone and plates that allowed
stable fixation. At the end of the 1970s, another
technique was described by Maquet: the tibial
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dome osteotomy [5]. After years of popularity,
between the 1960s and 1980s, HTO had a slow
decline after good results were demonstrated
with unicondylar and total knee arthroplasty and
rising surgeon preferences for these techniques.

Currently HTO is undergoing a revival, par-
ticularly in younger more active patients, due to
the desire to preserve the native knee, bone stock,
and proprioception and also the possibility to
allow physical activities that are not well toler-
ated with a unicompartmental knee arthroplasty
(UKA) [6]. The preference also relates to expec-
tations for physical activities due to the increase
in life expectancy [7]. In addition, HTO has
become a better option due to new hardware:
plates that work like an “internal fixation™ allow-
ing a very stable osteosynthesis and periosteal
vascular supply preservation. There are also new
and more sophisticated bone substitutes and bio-
materials that can avoid an iliac crest bone graft
harvest and therefore an additional incision with
related complications [3, 8, 9].

The first aim of HTO is to eliminate or reduce
pain, translating loads to the contralateral femoro-
tibial compartment by correcting deformity. Surgical
indications and careful preoperative planning are

Fig. 6.1 HTO - medial
opening wedge

important to permit long-term satisfying results [10—
17]. This chapter will summarize the current knowl-
edge about periarticular knee osteotomies.

6.1.2 Indications
and Contraindications

(Table 6.1)

Physical indications include: age between 30 and
70 years; well localized pain at the femorotibial
joint line; flexion more than 90° and, if present, a
lack of extension <10°; normal or correctable
ligamentous status (but anterior cruciate ligament
[ACL] or posterior cruciate ligament [PCL]
insufficiency is not a contraindication); non-
reducible deformity; and patients with an active
lifestyle [18].

Physical contraindications include obesity,
inflammatory disease, smoking, osteoarthritis or
meniscectomy in the contralateral compartment,
and tibial subluxation more than 1 cm.

Radiological indications include partial or
complete joint space width narrowing in one com-
partment, no contralateral femorotibial joint space
width narrowing or patellofemoral joint space
width narrowing, and extra-articular deformity
more than 5° [18]. MRI can also be used to more
accurately assess the contralateral compartment.

Disputable contraindications include patellofem-
oral arthritis, flexion less than 100° or fixed flexion
deformity, severe extra-articular deformity, older
than 70 years, and obese female [18] (Table 6.1).

Table 6.1 Indications and contraindications in HTO

Contraindications
BMI >30 (disputable)

Flexion <90°, lack of
extension >20°

Indications
Age between 40 and 70

Flexion >90°, lack of
extension <20°

Medial femorotibial Osteoarthritis
compartment (3—4° Outerbridge) in
involvement contralateral compartment

Non-reducible
deformity

Metaphyseal varus

Medial meniscectomy

Infection
Active lifestyle Rheumatoid arthritis

Good compliance for Tibial subluxation >1 cm
rehabilitation

High smokers
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6.1.3 Surgical Techniques

Two techniques have been used for the treat-
ment of medial compartment arthritis: medial
opening wedge high tibial osteotomy (OWHTO)
(Fig. 6.1) and lateral closing wedge high tibial
osteotomy (CWHTO) (Fig. 6.2).

6.1.3.1 Surgical Planning (Table 6.2)
Preoperatively, a complete radiological evaluation
of the limb is mandatory for accurate planning.
This is to determine the mechanical axis and cal-
culate the amount of correction required. The stan-
dard x-ray series shows the osteoarthritis grade
and the tibial slope, including x-rays done in
Rosenberg view (45° of flexion). The weight-
bearing anteroposterior long-leg x-ray allows
measurement of the HKA angle to plan the
correction. The axial patellar x-ray assesses
involvement of the femoropatellar joint. A guide
to the measurement of the constitutional varus is
the epiphyseal axis as defined by Levigne (a line
connecting the middle of the tibial joint line and
the middle of the line connecting the tibial epiphy-
sis). This axis forms a constant angle of 90°+2° to
the lateral tibial plateau. The constitutional defor-
mity of the tibia is defined as the angle between the
epiphyseal and the tibial mechanical axis. The
alignment goal of correction for osteoarthritis is
usually 2-3° of mechanical valgus [18].

6.1.3.2 Opening Wedge High Tibial
Osteotomy (Table 6.3)

The osteotomy is performed just proximal to the
tibial tubercle, having elevated the superficial
medial collateral ligament. The plane of the oste-
otomy is horizontal, slightly different from the
medial closing wedge HTO, which is more
oblique. First two Kirschner wires are introduced
medially. Laterally, these guide pins should be

Table 6.2 X-ray needed for a correct planning

Preoperative planning

Standard x-ray posteroanterior and lateral
X-ray in Rosenberg view

Weight-bearing anteroposterior long-leg x-ray
Sky view patellar x-ray

just superior to the head of the fibula. Correct
position of the guide pins is assessed using the
image intensifier. The direction can be adjusted,
if necessary. Using an oscillating saw, the tibial
cut is made underneath these guide pins, always
staying in contact with them. Firstly, the center of
the tibia is cut, followed by the anterior and pos-
terior cortices. The cuts are completed using an
osteotome, especially on the anterior cortex,
where the patellar tendon is at risk. It is necessary
to have an intact lateral hinge for this type of
osteotomy. Subsequently, a Lambotte osteotome
is introduced into the osteotomy. A second osteo-
tome is then introduced below the first. To open
up the osteotomy gently, several more osteo-
tomes are introduced between the first two. In
order to maintain the tibial slope, the opening of
the osteotomy at the posteromedial cortex should

Table 6.3 HTO techniques

Approach and technical considerations

Lateral closing wedge high tibial osteotomy (using a
blade plate)

Slightly oblique anterolateral skin incision, the
insertion of the tibialis anterior is released as a
Z-plasty; tibialis anterior and long toe extensor muscle
are released from the metaphysis

Osteotomy of the fibular neck, protect the peroneal
nerve

HTO is done proximal to the tibial tubercle in an
oblique direction, using image intensifier

Introduce the blade plate, perform the distal cut of the
osteotomy with the saw; the medial cortex is weakened
with a 3.2 mm drill

Evaluate the femorotibial axis and fix the osteotomy
with two bicortical screws

Medial opening wedge high tibial osteotomy
Anteromedial skin incision just proximal to the tibial
tubercle, retraction of pes anserinus tendons, incision
of the superficial MCL

Perform the osteotomy proximal to the tibial tubercle,
first insert two Kirschner guide pins, from medial to
lateral, just above the fibular head, use image
intensifier; if the position is okay, perform the
osteotomy with the saw; first cut the center then the
anterior and finally the posterior part of the tibia.
Complete the cuts with osteotome

Subsequently introduce a Lambotte osteotome to open
the osteotomy and then introduce as much osteotomes
as necessary to obtain the desired correction

Fix the osteotomy with a plate and screws or staples
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Fig. 6.2 HTO - lateral
closing wedge

be approximately twice that at the tibial tubercle
[19].

Due to autograft site harvest morbidity,
bone substitutes have been used with more fre-
quency, mostly of calcium and phosphate.
These substitutes try to reproduce the bone
structure, with their porosity, provide a struc-
tural support, and allow new vessel and osteo-
progenitor cell infiltration promoting new
bone formation.

Best results are seen with biomaterials like tri-
calcium  phosphate, calcium  phosphate,
hydroxyapatite-tricalcium  phosphate,  and
hydroxyapatite only. Substitutes like bioglass,
coralline wedges, and combined fillers give high
rate of delayed union and nonunion [8].

First treatment with HTO was performed
without fixation, but this leads to a high rate of
complications including loss of correction, joint
stiffness, and patellar tendon contracture. The
best fixation is still controversial. Options for
fixation include staples, external fixators (axial
and circular), and plates (conventional, blade
plates, locking plates and with or without spac-
ers). Specific plates such as Puddu plate and

Tomofix have demonstrated a high rate of union
and less complications [8].

6.1.3.3 Closing Wedge High Tibial
Osteotomy (Table 6.3)

The fibular styloid process is first identified, and
this procedure usually starts with the osteotomy
of fibular head (or neck) or the release of the
proximal tibiofibular joint in order to prevent any
impingement with the fibula and to allow a final
good correction. The surgeon can measure
60 mm distally from the fibular styloid process,
in order to define the zone where the fibular oste-
otomy should be performed. The area between 68
and 153 mm should be avoided, to prevent pero-
neal nerve palsy [7].

Once the fibular osteotomy is performed, the
distal cut of the closing wedge osteotomy is per-
formed. Many surgeons use a guide pin for the
distal cut of the osteotomy. The posterior surface
of the tibia is protected by a large periosteal ele-
vator, and the patellar tendon is retracted anteri-
orly. An oscillating saw is used to make the distal
cut. An angled cutting guide (6.8 or 10°) is intro-
duced in the distal cut of the osteotomy, and the
proximal cut is then made using this angle. The
cutting guide should be introduced and impacted
on the medial cortex. An oscillating saw is used.
The bone wedge is removed. The medial cortex is
weakened with a 3.2 mm drill. The wedge is
closed, and using a long metal bar positioned on
the center of the femur head and in the middle of
the ankle joint, the mechanical femorotibial axis
is evaluated. The metal bar should pass just later-
ally to the lateral tibial spine. Computer-assisted
surgery can also be used if available.

The osteotomy can be fixed with staples, blade
plate, or locking plates.

6.1.4 Results (Tables 6.4 and 6.5)

6.1.4.1 Outcomes

There are 25 published series of high tibial oste-
otomy with an average of more than 10 years of
follow-up currently in the literature [3, 6, 7, 9—-12,
16, 20-35]. The studies were divided into two
groups: opening wedge high tibial osteotomy
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81

(OWHTO) and closing wedge high tibial osteot-
omy (CWHTO).

CWHTO

The CWHTO results included 2091 operated
knees. The mean follow-up range is from 10 to
18 years. There are different kinds of devices that
have been used to fix the osteotomy: plate and
screws 42 %, staples 31 %, external fixture 26 %,
and cylinder plaster 1 %. In literature, the average
femorotibial angle pre- and post-operation is
177°-186° and 169°-190°, respectively.

Good results have been reported regarding sur-
vival rates, >survivorship at 5 years of follow-up
from 73 to 98 %, at 10 years of follow-up from 51
to 92 %, and more than 15 years of follow-up
from39to 71 % [7, 20, 25]. Koshino et al. reported
a satisfaction rate at final follow-up for excellent/
good results of 98 % at 15-28 years of follow-up
[22]. Sprenger et al. reported excellent/good
patient satisfaction of 9.5 years after HTO [7].

Risk factors that have been associated with poor
outcomes are age more than 50 years at time of sur-
gery, less than 120° of flexion, high BMI, lateral
thrust, more than Ahlbéck grade I articular degen-
eration in contralateral compartment, and excess
postoperative valgus angle [10, 22, 25, 30, 31, 35].

Survival rates are influenced by preoperative
mechanical axis, gender, and WOMAC >45 [7,
10, 20, 31, 33, 35]. Van Raajj et al. associated low
grades of survival rates in women [35]. Conversion
rates included for conversion to total knee arthro-
plasty or unicompartmental arthroplasty are from
31039 % [2, 6,7, 10, 20, 25, 27-29, 31, 35].

OWHTO
The OWHTO results included 665 operated
knees. Literature shows the prevalence of the
medial opening osteotomy technique except Marti
et al. who perform a lateral opening osteotomy
[26]. Mean follow-up range is from 10 to 15 years.

The fixation devices used were plate and
screws, staples, screws, external fixator, and mod-
ulated cast. Tricortical iliac crest was used in 50 %
of the articles, tricalcium phosphate was used in
33 % of the studies, and 16 % used cement block.
Average femorotibial angle pre- and post-operation
is 133°-172° and 180°-182°, respectively.

Good results have been reported regarding
survival rates, survivorship at 5 years of follow-up

from 89 to 94 %, at 10 years of follow-up from 74
to 85 %, and more than 15 years of follow-up
around 68 %, reported by Hernigou et al. [9, 24].
Hernigou et al. mentioned a satisfaction rate at
10 years follow-up for excellent/good results of
81 % and Saragaglia et al. 88 % excellent/good
results at final follow-up [9, 22].

At 10 years, conversion rates included for con-
version to total knee arthroplasty are 10-26 % with
73 % excellent/good satisfaction at the final follow-
up [9, 11, 23, 24]. Conversion to unicompartmental
arthroplasty ranges from 2 to 35 % [3, 23].

6.1.4.2 Complications (Tables 6.4, 6.5,

6.6 and 6.7)
For CWHTO complication rates, the average is
from 3.3 to 28 %. The most frequent complication
reported in this group is peroneal nerve palsy with
rates from 2 to 43 % [7, 20, 22, 26, 34], followed by
delayed union with an average of 2-23 % [6, 20, 25,

Table 6.6 Advantages and disadvantages of the two dif-
ferent techniques
Surgical techniques: advantages and disadvantages
Closing wedge high tibial osteotomy
Lateral
Peroneal nerve palsy
Potentially less accurate
Potential changes in patellar height (patella alta)
Opening wedge high tibial osteotomy
Medial
Fracture of the lateral hinge or the tibial plateau
Creates less deformity than CW in tibial
metadiaphysis
Potential increase in tibial posterior tibial slope
Potential changes in patellar height (patella infera)

Table 6.7 Complications in HTO

Complications

Malunion

Nonunion

Patella infera or patella alta
Stiffness

Loss of correction
Hardware failure
Compartmental syndrome
Neurologic injury (peroneal nerve palsy)
Vascular injury

Infection

Proximal tibial fracture
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32, 34]. Other important complications are deep
vein thrombosis, pulmonary embolism, superficial
infection, skin necrosis, and sympathetic dystro-
phies. OWHTO complication rates are 3 to 22 %,
mainly due to tibial plateau fracture in 10 %, nerve
palsy in 10 %, and delayed union in 10 %. Other
important complications are superficial infection
and vascular problems [3, 9, 11, 16, 23, 25].

6.1.5 Discussion

Knee joint realignment is intended to redistribute
knee joint forces from the affected area to the
unaffected side to interrupt the vicious cycle of
destruction and malalignment described by
Coventry who postulated arbitrarily that varus
knees should be overcorrected by osteotomy to 5°
of valgus [31]. The majority of authors have
reported satisfactory results in the short to mid-
term, but these results gradually deteriorated over
time, especially at more than 10 years after sur-
gery. The most important finding of this review is
the high survival rate of HTO which after 5 years
of follow-up is over 95 %, after 10 years of fol-
low-up is around 80 %, and more than 15 years of
follow-up is more than 50 % for both techniques.

The percentage of satisfactory results (excel-
lent/good) after HTO was over 80 % after long-
term follow-up for both techniques. Looking
at patients converted to TKA, most operations
were performed more than 10 years after
HTO. Generally, osteoarthritis progressed, and
increasing symptoms became the indication for
further surgery. Total knee arthroplasty should be
reserved for unicompartmental or bicompartmental
diseases in older and/or lower demand patients
[29]. The success of osteotomies depends primarily
on correct indication. Patients should have good
pain tolerance because a low pain threshold is often
a negative factor in the outcome of the treatment of
musculoskeletal disease. Precise planning and
appropriate surgical technique achieving the
desired correction are fundamental [29]. Aglietti
et al. reported that opening wedge technique cre-
ates less deformity than the closing with tibial
metadiaphyseal mismatch that might interfere with
a subsequent revision to TKA [6]. But hinge

position can affect the change in posterior tibial
slope. Medial OWHTO, in particular, is associated
with an increased posterior slope (PTS) compared
to CWHTO, due to an increased anterior position-
ing of the wedge. Anterior and superior translation
of tibial plateau is followed by an earlier contact
with femoral condyle. CWHTO is more commonly
associated with a decrease in PTS. El-Azab et al.
described PTS in OWHTO preop/postop with
locking and no locking plate, 7.7°/9.1° and 5°/8.1°,
respectively, and PTS in CWHTO preop/postop of
5.7°12.4° [36]. Understanding of anatomy, and
careful surgical technique can avoid unintentional
changes in tibial slope.

Regarding the patellar height CWHTO is asso-
ciated with an increased patellar height due to
lowering the joint line, and in OWHTO descent of
the patella is constant. Tigiani et al. observed a
patella elevation in 57 % of CWHTO (Caton-
Deschamps index), associated with a post-
operation correction of knee axis less than 10°.
OWHTO postoperation knee axis correction more
than 15° is associated with a patella baja [37].

Regarding the filler used Lash et al. detailed
that allograft is used in 25.9 %, autograft 29.5 %,
tricalcium phosphate 12.6 %, calcium phosphate
7.2 %, hydroxyapatite-tricalcium phosphate
3.4 % (which is associated with higher rates of
loss of correction), bioglass 1.7 %, combined fill-
ers 0.9 %, coralline wedge 0.9 %, hydroxyapatite
0.4 %, and no filler 17.3 % [8].

For Benzakour et al. opening technique did not
give significantly better clinical outcome than clos-
ing technique [11]. Opening and closing wedge
HTO have similar results in functional outcome and
survival. Literature comparing clinical outcome
after opening versus closing wedge HTO is very
limited and long-term comparisons are lacking,
with only two authors reporting the comparison [11,
29]. Our results not only confirm the long-term
effectiveness of valgisation high tibial osteotomy as
treatment for medial compartment osteoarthritis,
but there is also evidence that the opening wedge
technique can have a long-lasting effect similar to
the traditional closing wedge high tibial osteotomy.
This has a high clinical relevance currently, as an
increasing percentage of HTO are done using the
opening wedge technique, and long-term
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experiences are very limited [29]. The main reason
for the good clinical outcome is the good alignment
which has been described as the most important fac-
tor for good long-term clinical results [22].

There is still considerable discussion about
which factors affect the long-term outcome of
HTO. Two of the most important factors are the
correction angle at surgery and the preoperative
severity of knee osteoarthritis. Regarding the cor-
rection angle, previous studies have reported that
the optimum clinical outcomes were associated
with a correction of 6-16° valgus, and an
undercorrection less than 5° was strongly related
to a high failure rate [6, 7, 22].

Douglas et al. showed that preoperative knee
flexion of less than 120 was related to signifi-
cantly lower survival, but Aglietti et al. did not
relate failure to either flexion contracture or lack
of extension. We found that the preoperative
range of movement of <100 was significantly
associated with early failure [6, 25].

6.1.6 Conclusions

In summary, opening and closing wedge high
tibial osteotomies are successful and durable
methods of treatment for unicompartmental
degenerative diseases with associated varus in
active patients. Survival of both techniques is
comparable in most series and is associated with
low complication rates, high satisfaction, and
high activity levels of the survivors.

6.2 Distal Femoral Osteotomy

6.2.1 Introduction
Historically, the first treatment for genu valgum was
osteotomy, but with the advent of TKA and UKA,
they have been used less commonly. Today, osteot-
omy represents a valid option which allows postpon-
ing TKA and thereby preserving the native knee.
Degeneration of the tibiofemoral compart-
ment leads to a valgus deformity that is frequently
a consequence of partial or total lateral meniscec-
tomy. Other causes are post-traumatic, partial

epiphysiodesis and growth disorders. The pur-
pose of osteotomies around the valgus knee is to
relieve the lateral knee compartment and to dis-
place the loads medially.

Proximal tibial varus osteotomy can be used
for minor genu valgum deformities, but not for
major angulations, or if the projected obliquity of
the joint is more than 10°. Distal femoral osteot-
omy (DFO) is a good option because tibial oste-
otomies for large deformities produce medial tilt
of the joint line, which may increase lateral shear
forces and lateral subluxation during gait [5]. The
most commonly performed techniques are the
lateral opening or the medial closing, with dome
osteotomy rarely used [38—40].

The aim of this section is to analyze the litera-
ture about DFO regarding indications, results,
functional outcomes, and survivorship.

6.2.2 Indications
and Contraindications

(Table 6.8)

Appropriate indications for DFO are critical for
final stability and good outcomes [40, 41]. Painful
valgus deformity with related osteoarthritis in the
lateral compartment is the absolute indication for

Table 6.8 List of indications and contraindications of
DFO

Contraindications
BMI >30 (disputable)

Indications
Age <60 male, age <55
female

Flexion >90°, lack of
extension <20°

Flexion <90°, lack of
extension >20°

Lateral femorotibial Osteoarthritis (3—4°
compartment Outerbridge) in medial
involvement compartment

Mechanical angle
deformity localized in
the femur

Medial meniscectomy

Genu valgum Infection
Active lifestyle Rheumatoid arthritis
Good compliance for Tibial subluxation >1 cm
rehabilitation
Valgus deformity >20°
(disputable)

High smoking
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DFO [42-46]. Better results have been seen in
patients with mild osteoarthritis [47] and in val-
gus deformity not more than 20° due to the sig-
nificant ligamentous laxity [48]. McDermott
et al. stated that arthritis of the medial knee com-
partment is not an absolute contraindication, as
long as it is minor compared to the lateral com-
partment. In addition, there must be good bone
stock, normal circulation, a stable joint, and knee
flexion >90° [15]. A small lack of extension may
be tolerated and corrected during surgery [49].

Absolute contraindications include severe
osteoarthritis of the medial compartment of the
knee, severe tricompartmental osteoarthritis, and
tibiofemoral subluxation [44, 46]. Osteoporosis is a
relative contraindication because, despite a rigid
femoral fixation, the cortical bone of the proximal
segment can often subside into the cancellous bone
of the distal segment when the patient weight-
bears, resulting in unwanted axial deviation [45].

For Stahelin et al. contraindications are also val-
gus deformity due to obliquity of the tibial plateau,
inflammatory arthritis, instability due to laxity of
the medial collateral ligament, lack of extension
>15°, and severe osteoporosis [45]. Puddu et al.
included BMI >30 and severe bone loss (more than
a few millimeters) of the lateral tibia or femur,
since after intervention congruent weight-bearing
on both tibial plateaus is not possible [48].

Femoropatellar involvement for Stahelin et al. is
an absolute contraindication [45], but Zarrouck
et al. and Wang et al. treated, respectively, nine
patients and eight patients with DFO associated
with patellofemoral osteoarthritis in which they per-
formed a lateral release in 15 patients, distal realign-
ment in one, and combined proximal and distal
realignment in one patient. The final results at last
follow-up were satisfactory [43, 46]. The proposed
reason is because distal varus osteotomy decreases
the Q angle between the quadriceps tendon and the
patellar tendon, which reduces the magnitude of the
patella’s lateral traction forces [5].

6.2.3 Surgical Technique (Table 6.9)

Tibial medial closing wedge osteotomy was the
first technique performed, but results have been

Table 6.9 DFO surgical techniques

Approach and technical considerations
Medial closing wedge distal femoral osteotomy

Approach medial side, proximal to the adductor
tubercle and the anterior side of the femoral
articular surface

Osteotomy technique osteotomy trait parallel to the
joint line. Do x-ray to ascertain that the chisel has
not penetrated the intercondylar notch or the
anterior femoral surface. Important to leave
untouched the lateral cortex. Removal of a
5-10 mm bone wedge from the distal femur.
Fixation with different hardware mostly a
90°degree offset dynamic compression blade plate
or Tomofix

Lateral opening wedge distal femoral osteotomy

Approach lateral side, distal third of the femur 15 cm
proximal to the joint line until the Gerdy’s
tubercle, carried down from the vastus lateralis
muscle

Osteotomy technique If deformity is metaphyseal,
osteotomy cut must be parallel and 30 mm
proximal to the joint line; if diaphyseal it must be
oblique to the joint line. Opening wedge filled up
with auto-allograft, PRP, and bone cement and
fixed with different hardware mostly the 95° blade
plate, Puddu plate, or Tomofix

reported not to be as good as those of proximal
tibial valgus osteotomy for varus deformity. For
corrections more than 12° of valgus, HTO is not
recommended because the joint line, after bone
removal, will be oblique medially inducing an
increase in femorotibial shear stress. DFO will
give much better results at long follow-up.
Actually, the most commonly performed is the
medial closing DFO as reported in multiple stud-
ies [42, 45, 46, 48—63].

All authors agree with regard to preoperative
assessment: standard x-ray posteroanterior and
lateral in which the tibial slope can be assessed,
AP x-ray in Rosenberg view to quantify the com-
partmental involvement of osteoarthritis, weight-
bearing anteroposterior long-leg x-ray to measure
the angle deformity between the femur and tibia
(mechanical or anatomic axis) and calculate the
desired correction, and axial view of the patella
to evaluate any osteoarthritis in the femoropatel-
lar joint (Table 6.8). MRI scan is also a useful
supplement to more accurately assess articular
cartilage pathology.
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6.2.3.1 Technique: Medial Closing
Wedge DFO (Fig. 6.3)

With the knee joint in the extended position, an
anteromedial longitudinal incision is made start-
ing 10 cm above the patella and ending at the
upper third of the patella. This incision has the
advantage that it can be used again for any subse-
quent surgery. Incise the subcutaneous tissue and
dissect the fascia of the vastus medialis muscle.
Elevate the muscle and dissect as far as necessary
from the intermuscular septum. Expose the
medial patellofemoral ligament at the distal end
of the incision. Incise the ligament and the distal
insertion of the vastus medialis muscle in order to
facilitate mobilization of the muscle. Now expose
the intermuscular septum near the condyles and
incise the septum carefully, close to the bone and
parallel to the femoral shaft. Separate the soft tis-
sue of the back of the knee from the distal femur,
to allow the use of a wide, blunt-tipped Hohmann
retractor behind the femoral shaft. Use a
Hohmann retractor to expose the anteromedial
aspect of the supracondylar region of the femur.
Expose the shaft proximally so that the plate can
be positioned safely.

The position of the osteotomy is best deter-
mined by placing the plate directly on the

Fig. 6.3 DFO - medial
closing wedge

anteromedial distal femur. It is not necessary to
achieve a distal fit due to the angular stability.
However, it is important to ensure that the distal
screws do not penetrate the condyles dorsally.

The distal osteotomy cut should be placed
approximately 5 mm above the patella groove
descending laterally, ending 10 mm from the lat-
eral cortical bone in the lateral condyle of the
femur (Table 6.10). The proximal osteotomy
starts higher in the medial supracondylar region.
It is advisable to mark the planned osteotomy site
with an electric cautery.

Perform the osteotomies by marking the
planned wedge removal with Kirschner wires
(check the Kirschner wire placement with the
image intensifier before cutting). The wires will
then act as a guide for the saw. The osteotomy
ends 10 mm before the lateral cortical bone,
leaving a lateral hinge and removing a medially
based wedge. Perform the osteotomies with an
oscillating saw, protecting the soft tissue with a
Hohmann retractor and constantly cooling the
saw blade. Remove the wedge; check that any
residual bone fragments have been removed
from the osteotomy. If the bone is very hard,
weaken the lateral cortical bone with the 2.5 mm
drill bit.

Close the osteotomy carefully by applying
continuous pressure to the lateral lower limb
while stabilizing the knee joint region. This may
take several minutes. The osteotomy gap can
then either be held closed by manual compres-
sion or with two crossed Kirschner wires con-
sidering the later plate position. Check the
corrected mechanical axis with the image inten-
sifier by positioning a long metal rod between
the center of the femoral head and the center of
the ankle joint. The projected axis line passes
either centrally or just medial to the center of

Table 6.10 X-ray pool for preoperative planning

Preoperative planning

Standard x-ray posteroanterior and lateral
X-ray in Rosenberg view

Weight-bearing anteroposterior long-leg x-ray
Sky view patellar x-ray
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the knee joint, depending on the preoperative
plan.

Position the plate anteromedially on the distal
femur. The screws should be aimed in a slightly
proximal, lateral direction to achieve good
interfragmentary compression. This is particu-
larly important if the lateral femoral cortical
bone fractures when closing the osteotomy.
Close the arthrotomy and reattach the medial
patellofemoral ligament and the partially
released distal insertion of the vastus medialis
muscle on the patella. Close the wound layer by
layer. Although nonunion is uncommon with
good surgical technique, even using a locking
plate cannot completely eliminate bone healing
complications [53].

6.2.3.2 Lateral Opening Wedge Distal
Femoral Osteotomy (Using
Blade Plate) (Fig. 6.4)
With the knee in 90° of flexion, a lateral skin inci-
sion starts 15 cm proximal to the joint line and
ends at the level of Gerdy’s tubercle. The fascia
lata is incised slightly anteriorly in the direction
of its fibers, and the lateral vastus muscle is ele-
vated. The perforating arteries of the vastus late-

Fig. 6.4 DFO - lateral
opening wedge

ralis are carefully coagulated or ligated.
Subsequently, the vastus lateralis is elevated from
the lateral border of the femoral diaphysis using a
periosteal elevator. The patellar tendon is identi-
fied and a limited lateral arthrotomy is performed;
this exposes the orientation of the trochlea and
condyles. Two guide pins are inserted into the
joint, one at the femorotibial joint line and the
other in the patellofemoral joint. The guide pins
help guide the blade plate and reduce the radia-
tion caused by image intensifier.

The osteotomy is horizontal, just proximal to
the lateral part of the trochlea. With the knee in
extension, the suprapatellar pouch is elevated,
and, with the knee at 90° of flexion, the posterior
side of the metaphyseal region is elevated. A
landmark is made on the lateral side of the femur
with the oscillating saw, perpendicular to the hor-
izontal osteotomy. This will serve as a guide to
determine the rotation.

The blade should be introduced into the epiph-
yseal region, 30 mm proximal to the joint line.
The blade plate is 5.6 mm thick and 16 mm wide,
and the distance between the screw holes is
16 mm. The guide for the blade plate should be
introduced ventrally and proximally to the femo-
ral insertion of the lateral collateral ligament.
The angle of insertion depends on the level of the
deformation. If the deformation is located at the
diaphyseal level, the blade should be introduced
oblique to the joint line. To obtain a varisation of
10°, the angle should be set at 75° (85-10°) at a
complementary angle to the anatomic distal fem-
oral angle (95°, angle of correction). If the defor-
mation is situated at the metaphyseal level, the
blade should be introduced parallel to the joint
line (this is the most common situation). When
introducing the blade parallel to the joint line, a
correction to a normal anatomic femoral valgus
of 5° is automatically obtained by introducing a
95° angled blade plate. In other words, if the
femur were normal, no correction would be
obtained if the blade plate is introduced parallel
to the joint line. If we are confronted with a com-
bined deformation or with a mixed metaphyseal
component (lateral condyle hypoplasia or diaph-
yseal malunion), the angle of introduction should
be even smaller, and the blade plate should be
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introduced at a smaller angle. Preoperative plan-
ning is essential to evaluate the correction needed.

The position of the blade can be checked using
the image intensifier. The angle of correction can
now be measured on a printout by drawing a line
tangent to the medial and lateral condyles and
another line tangent to the blade. The femoral
osteotomy is performed with an oscillating saw.
The medial cortex should not be cut. Once the
blade plate is introduced, the medial cortex is
fragmented using a drill bit. Two or more osteo-
tomes are then introduced into the osteotomy, but
it is the impaction of the blade plate that will pro-
gressively open up the osteotomy once in contact
with the diaphysis. A screw is temporarily placed
in the distal oval screw hole, in the proximal zone
of the hole.

The blade plate is now impacted.
Subsequently, a screw is introduced into another
screw hole while the former screw is taken out.
The impaction of the blade plate is continued,
and the osteotomy will progressively open up
until the blade plate is in full contact with the
lateral side of the femoral diaphysis. Progressive
impaction allows opening of the osteotomy.
Provisional fixation with one screw helps control
the correction and provides additional stability.
By playing with the impaction and positioning
of the screws, one can increase or decrease the
amount of opening. If the blade plate is impacted
with the screw left in place, the correction will
be halted. Conversely, if an additional screw is
again placed in the distal part of the screw hole
and the former screw is taken out, the correction
can be increased.

Final fixation of the blade plate is achieved by
four 4.5 mm cortical screws. In lateral opening
DFO it is important to graft the osteotomy gap.
Different authors have suggested using bone
filler for defects greater than 7.5 mm [47], while
the gold standard is represented by tricortical
iliac crest bone graft. There are different ways to
fill the defect as seen in literature with no major
complications and substantially good results:
allograft, synthetic bone substitutes (hydroxyap-
atite, f-tricalcium phosphate, bone cement) filled
with or without PRP, and growth factors or bone
marrow stem cells [13]. Some authors did not use

any graft [42]. The soft tissues and skins are
closed over a drain, which is introduced under-
neath the fascia lata.

6.2.3.3 Hardware Selection

Hardware choice may have an important role
because it allows stability of the osteotomy and
reliable healing. Blade plate is the hardware
mostly utilized and usually demonstrates good
results in DFO at long-term follow-up and in the
immediate postoperative period and early reha-
bilitation. For lateral opening osteotomy, plate
with less volume leads to better results in terms
of iliotibial tract irritation [72].

Edgerton et al. tried different ways of fixation
with staples but with poor results and high com-
plication rates. In the recent times, healing will
occur reliably also with angle-stabilized locking
plate [52]. Van Heerwaarden et al. performed an
incomplete medial closing osteotomy with lateral
cortical intact to improve final stability of the
construct [49].

6.2.3.4 Angle Correction

This remains controversial, and the majority of
authors recommend correction of the mechanical
axis to 0°+—2 — the amount of the neutral tibio-
femoral angle [14, 16, 42, 46, 48, 49, 51-53, 55,
57-64, 67, 69, 73]. In the average person, the hip-
knee-shaft angle is between 5°and 7°. The
mechanical axis, on the other hand, is 90° to the
same condylar line. Thus, if the anatomic angle is
brought to an angle of 90° with the condylar line,
the leg will be moved out to the natural valgus
approximately 5-7°, and the lateral compartment
will be unloaded [59, 73].

McDermott et al. and Cameron et al. found no
correlation between alignment and outcome and
both aim for an angle of correction of 0° [16, 42].
Some authors, on the basis of Maquet indica-
tions, recommend a femoral supracondylar oste-
otomy with slight overcorrection (in varus) with
the object of diminishing considerably the pres-
sure on the joint and distributing the loads uni-
formly and neutralize the force of medial muscles
[6, 47,50, 54].

Some authors recommend undercorrection
retaining a 2—4° of valgus [43, 45, 56, 66]. Some
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authors did the correction of the mechanical axis
to a line passing the knee joint just medial to the
deepest point of the trochlea [49, 61, 74].

Marin Morales et al. found, in line with the
study of Sharma et al. [75] about the role of knee
alignment in OA disease progression and func-
tional decline, that malalignment greater than 5°
(varus or valgus) was associated with a signifi-
cantly greater functional deterioration over the
period of follow-up.

6.2.4 Results (Tables6.11,6.12,6.13,
and 6.14)

6.2.4.1 Outcomes

Medial femoral closing wedge is the most com-
monly used technique for the correction of valgus
alignment, since McDermott et al. described this
technique. They removed a wedge between 5 and
10 mm, showing good results in 92 % of 24
patients treated with DFO [16]. With a similar
technique, Healy et al. reported good results in
86 % of 23 patients, with a mean correction of
+2° of valgus [56].

Learmonth, using a special jig for tibial ana-
tomic axis alignment, achieved good results in 20
osteotomies after a mean of 4 years with no com-
plications [60]. Finkelstein et al. showed good
results in 64 % at 11 years follow-up, with
complications attributed to poor selection of
patients [53].

Wang et al. reported survivorship in 30 oste-
otomies of 87 % at 10 years follow-up and did
not recommend articular debridement associated
with DFO as it increased the risk of postoperative
arthrofibrosis [46]. Backstein et al. described a
DFO survivorship of 82 % at 10 years follow-up
and 45 % at 15 years follow-up of 38 knees [6].
Similar results were reported by Gross et al. who
found good results at 10 years follow-up with
survivorship of about 64 % [62].

Koshashvili et al. reported at 1 year follow-
up excellent/good results in 84.4 % of patients.
Failure rate at 15.8 years follow-up was about
48.5 % [55]. Sternheim et al. reported results at
long follow-ups: 89.9 % survival at 10 years,
78.9 % survival at 15 years, and 21.5 % at

20 years of 45 osteotomies done with blade
plate [58].

Edgerton et al., in a study of 24 knees, reported
a 71 % rate of satisfactory results after an average
duration of follow-up of 8.3 years [52]. Mathews
et al., in a study of 21 patients who underwent
DFO followed by stabilization with a plaster cast,
staples, or a blade plate, reported only a 33 % rate
of satisfactory results, but he did report high rate
of complications after 1-8 years follow-up [47].
Stahelin et al., using a semitubular AO plate,
reported improving HSS score in a mean follow-
up of 5 years in 21 osteotomies [45]. Similar
results were retrieved by Omidi-Kashani et al. at
1.5 years mean follow-up [57].

Freiling et al. reported good results between
3 months and 4 years follow-up using Tomofix in
60 patients. They had three delayed union/non-
union, one deep infection, one superficial infec-
tion, one hematoma, and one fracture [61].
Similar results were reported by Petersen et al.
[62]. Recently, Forkel et al. evaluated 23 patients
after surgery with the Tomofix plate, reporting
better results than Edgerton but comparable with
the results reported by Freiling. He had no major
complications and only reported one complica-
tion: a loss of correction with the possible reason
being breach of the lateral cortex of the femur.
Finally he stated that using a locking plate
(Tomofix) cannot eliminate completely the bone
healing complications [54].

There is less literature available for lateral
opening wedge osteotomy. However, good results
were reported by Madelaine et al. at mean follow-
up of 6.7 years using a 95° blade plate; they also
found that the osteotomy has no impact on the
final leg length [64]. Similar results were reported
by Dewilde et al. with a survivorship of 82 % at
7 years follow-up, using bioresorbable calcium
phosphate cement to fill the defect [65]. Thein
et al. also reported good results in six patients at
6.5 years mean follow-up using tricortical iliac
crest bone graft [66]. Das et al., in 16 patients at
3 years follow-up, had the same results using
bone allograft to fill the osteotomy gap [67].
Saithna et al. reported a survivorship of 79 % at
5 years follow-up [68]. All authors performed sur-
gery as described by Puddu et al. with a Puddu
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Table 6.11 Complications of DFO

Complications (from the most frequent)
Malunion

Nonunion

Stiffness

Loss of correction

Hardware failure

Iliotibial band pain (lateral opening DFO)
Neurologic injury

Vascular injury

Infection

Fracture

Table 6.12 Comparison between the two techniques

Surgical techniques: advantages and disadvantages
Closing wedge distal femoral osteotomy

Medial historically the most performed; shorter bone
healing; well tolerated by the patient, complex
surgical technique

Opening wedge distal femoral osteotomy

Lateral easier to perform instead of the medial
closing; bone correction precise; iliotibial tract
plate irritation; longer bone healing

plate. Zarrouck et al. reported good results in 23
patients at mean follow-up of 4.5 years using a
95° blade plate with no grafting [43].

Jacobi et al. used a Tomofix plate in 16
patients, with a mean follow-up of 3.75 years.
They ultimately abandoned the opening DFO
because of high grade of postoperative complica-
tions, in particular iliotibial band irritation and
slow healing of osteotomy; however, postopera-
tive outcomes appeared to be satisfactory [69].

Nicolaides et al. performed surgery with inser-
tion of a coralline wedge in the osteotomy site
[70]. Cameron 1. et al. divided the patients into
two groups: osteoarthritis group and joint preser-
vation group. The survivorship was 74 % in the
first group and 92 % in the second one, after a
follow-up of 5 years using different devices:
locking plate Dynafix in 22 patients, Puddu plates
in six, and Tomofix in one patient. He reported
only one nonunion in the arthritic group [71].

There are some probable prognostic factors
related to the success of this osteotomy. Cameron
et al. reported results of 46 patients with a mean
follow-up of 3.5 years and attempted to identify

these prognostic factors but did not find any cor-
relation between patient age, sex, time after the
intervention, final femorotibial angle or number
of degrees of correction, and the final good
outcome. Patients with delayed union did not dif-
fer significantly from those who did not have a
delayed union [42]. Other authors believe that
good results may be reached with a rigid fixation,
adequate correction, and less advanced osteoar-
thritis [47]. Under- or overcorrection may con-
tribute to failure [50], and good results are
predictable with a correction between 0° and 6°
of anatomic valgus [43].

6.2.4.2 Complications (Table 6.11)
Complications involving the two techniques are
not infrequent, and they are represented mostly
by delayed union and nonunion, stiffness, and
hardware failure that are frequently associated
with lateral opening wedge osteotomy. In addi-
tion in lateral DFO the majority of patients com-
plained about iliotibial band pain because of plate
irritation (21-86 % in the literature) [69, 71].
Lateral opening osteotomies theoretically elon-
gate the peroneal nerve at the level of a tight tra-
jectory around the fibular head, but in the
follow-up there were no nerve injuries [67]. This
technique is simpler than the closing DFO since
the lateral approach avoids risk of neurovascular
complications and is easier to do and the correc-
tion will be more accurate [64].

Edgerton demonstrated 63 % failure related to
staple fixation that is therefore thought to be an
inadequate fixation technique for femoral osteot-
omies [52]. Less commonly reported are deep
and superficial infections, hematoma, and frac-
tures. The main variable that allows for a drastic
reduction of complications is patient selection.

6.2.5 Discussion (Table 6.12)

Studies about DFO are all represented by small
patient cohorts and low level of evidence, but all
report agreement in improvements in arthritic pain.
Other results are not well defined. Distal femoral
osteotomy may allow an easier future knee replace-
ment. The most performed v is the medial closing
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wedge osteotomy which shows variable results from
292 % of survivorship at 4 years follow-up to a 45 %
of survivorship at 15 years follow-up. Technically, it
is more difficult to perform than lateral opening
wedge, which is probably why the lateral opening is
preferred by some surgeons. Advantages are a more
precise correction due to the gradual opening and the
easier surgical approach. But it is associated with
plate irritation that gives discomfort to the majority
of patients and may be associated with slow bone
healing. Perpendicular cuts give less stability than
oblique cuts. For this reason, Jacobi et al. does not
recommend lateral opening DFO even if patients
were satisfied. It is important to perform thorough
preoperative planning. There are some studies that
compare medial closing to lateral opening DFO, and
these studies reported good results with both tech-
niques [73, 74, 76].

6.2.6 Conclusions

As reported in the literature, DFO provides an
effective surgical treatment for unicompartmen-
tal arthritis associated with a valgus deformity in
long-term follow-up. In addition, performing a
DFO might provide easier terrain for a future
TKA. Both techniques (medial closing or lateral
opening) are valid and are effective in selected
patients who wish to remain active.

6.3  Osteotomy around the
Patellofemoral Joint
6.3.1 Introduction

Patellofemoral pain syndrome (PFPS), also described
as an anterior knee pain, is a common reason for pre-
sentation to orthopedic surgeons. Trauma, overuse,
and patellofemoral malalignment are more common
causes of anterior knee pain in young adults and mid-
dle-aged patients [77, 78]. Chondromalacia patellae
(Aleman 1917) is a softening of the articular carti-
lage, with an abnormal stress secondary to shear
forces [79]. Isolated patellofemoral osteoarthritis
(IPFOA) is a common disorder of multifactorial eti-
ology but in many cases related to trochlear dysplasia

and disorders of patellar tilt and shift [80]. The opti-
mum treatment for anterior knee pain associated with
patellofemoral osteoarthritis remains controversial,
and various surgical options have been proposed
when there is a failure of conservative management
which is up to 35 %, and relief of articular contact
stress in the patellofemoral joint may be desirable
when patellar articular surface is degenerating [79—
82]. Different surgical treatments have been described
for IPFOA: arthroscopic lavage and debridement,
drilling or microfracture of the damaged surface,
anterior elevation (Maquet) or anteromedialization of
the tibial tubercle (Fulkerson), lateral retinacular
release, partial lateral facetectomy of the patella,
patellofemoral joint replacement, arthroplasty, and
patellectomy [83].

1. The Maquet osteotomy (Maquet, 1976) aims
to elevate the tibial tubercle 20-25 mm in one
plane in order to increase the lever arm of the
extensor mechanism (quadriceps tendon) and
reduce the patellofemoral contact stresses
[79, 82, 85-87]. Though attaining satisfac-
tory clinical results with improvements in
function and pain relief between 63 and 97 %
of patients [87, 88], Maquet osteotomy is
associated with major complications, and up
to 40 % of patients were reported to have
problems with delayed wound healing, tibial
tubercle and proximal tibial fractures, and
nonunion at the osteotomy sites [82, 85, 89].
This procedure has now generally been
abandoned.

2. The origins of the “Fulkerson osteotomy” can
be traced to Bandi [90] and Maquet [91] who
demonstrated pain reduction in patients with
painful patellofemoral arthrosis when the tib-
ial tubercle was placed in a more anterior
position. The Bandi-Maquet procedure
decreases patellofemoral contact force and
increases the patella moment arm by opening
the angle between the quadriceps and patellar
tendon. Thus patellofemoral joint reaction
force is reduced on the diseased joint surface
(typically distal patella), thereby reducing
pain. John Fulkerson (1983) described a mul-
tiplane anteromedializing modification of the
Elmslie-Trillat procedure that aims to decrease
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the lateral facet contact pressures and realign
the joint without the need for bone graft [92].
The indication for this operation is painful
patellofemoral arthrosis, particularly when it
is unipolar on the inferolateral patella facet
[93]. This technique has reported good/excel-
lent short-term clinical results in 60-90 % and
an 84 % overall subjective improvement in
symptoms. This technique also reported lower
complication rates compared to the Maquet
technique, although nonunion, loss of fixa-
tion, and tibial fractures have still occurred
[82, 88, 89].

3. Partial lateral facetectomy is a simple, cost-
effective surgical method that requires a short
period of time for postoperative rehabilitation
and allows a quick recovery with encouraging
results. Its goal is to relieve symptoms but not
to eliminate predisposing factors [83, 84].

The purpose of this section is to summarize
the most common surgical techniques used for
the treatment of IPFOA, highlighting surgical
techniques, outcome, predictive factors, and
complications of the most popular surgical tech-
niques, Fulkerson and Maquet.

6.3.2 Surgical Techniques

6.3.2.1 Maquet Surgical Procedure

The skin is incised medial and parallel to the tib-
ial crest below the anterior tuberosity. Using a
Kirschner wire a series of parallel holes is drilled
transversely 7-8 mm posterior to the tibial crest
for a distance of 15 mm. The cleft outlined with
the holes is completed by thin osteotome. The
tibial crest is then lifted with the tibial tuberosity
and the insertion of the patella tendon. A piece of
iliac bone, 20-30 mm thick, is located proximally
as possible, just beneath the anterior tuberosity.
The skin suture may require two lateral relieving
incisions when the forward displacement exceeds
2 cm [94]. The modified Maquet elevates the
tibial tubercle 15-20 mm. Ferguson biomechani-
cally analyzed anterior tibial tubercle advance-
ment and reported that the first 10-15 mm of
patellar tendon elevation reduced the average

stress in the joint by more than 80 %, lowering
the complication rates [85, 95, 96].

6.3.2.2 Fulkerson Surgical Procedure

The anteromedialization osteotomy begins with an
incision 5-6 cm in length, lateral to the tibial tuber-
cle. The incision should be made large enough to
limit damage to the skin and soft tissues. Dissection
is continued to the level of the patella tendon inser-
tion on the tibial tubercle. The anterior compart-
ment musculature is exposed, then elevated from
the lateral edge of the tibial crest, and retracted pos-
teriorly to expose the posterior aspect of the tibia.
Retractors are placed to expose the entire length of
the planned osteotomy. The amount of medializa-
tion and anteriorization is determined by the oblig-
uity of the osteotomy in the axial plane, with a
more oblique (anterior to posterior) osteotomy pro-
ducing more anteriorization for unloading of lateral
and distal cartilaginous lesions. The osteotomy line
is tapered to merge with the anterior tibial cortex at
the most distal aspect of the osteotomy. The oste-
otomy cut is created using an oscillating saw from
medial to lateral and anterior to posterior along the
oblique axial plane. The cut should begin at the
most distal aspect of the planned osteotomy and
proceed proximally. An attempt should be made to
leave a distal periosteal hinge along the tibial crest
unless concomitant distalization is indicated. The
oblique osteotomy is completed with an osteotome
from lateral to medial just proximal to the patella
tendon insertion on the tubercle to create a proxi-
mal bumper.

At this point, the osteotomized tubercle can be
rotated anteriorly and medially along the oblique
plane of the osteotomy. Temporary fixation of the
tibial tubercle can be achieved. Special attention
should be made to avoid overmedialization of
extensor mechanism resulting in medial tracking.
Typically, medialization greater than 1 cm is not
recommended. Definitive fixation of the osteoto-
mized fragment is achieved using 4.5 mm self-
tapping screws. Screw placement is approximately
1 cm distal to the patella tendon insertion, and
screws are spaced 2 cm apart to reduce the risk of
fracture [92, 97, 98]. Some authors use a modifi-
cation of Fulkerson technique with elevation of
1-1.5 cm [79] (Table 6.15).
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Table 6.15 Advantages and  disadvantages  of  Fuylkerson osteotomies (Table 6.17). All the stud-
anteromedialization ies are retrospective except two [78, 87].

Advantages Disadvantages Combining the Maquet osteotomy and varia-

Preservation of the Fails to address incompetent

extensor mechanism MPFL
Large surface area for ~ Postoperative hardware
bone healing irritation

Potential neuromuscular
injury

Increased medial
patellofemoral contact
pressure

Ability to place multiple
SCrews

Multiplanar adjustments

Early range of motions  Delayed union or nonunion

Cannot be performed in
skeletally immature

6.3.2.3 Partial Lateral Facetectomy
Procedure

The knee is approached through a lateral parapa-
tellar incision. A lateral retinacular release is
done from the inferior to the superior pole of the
patella. It is important not to injure the vastus
lateralis. With the knee in extension, the patella
and trochlear groove are observed for cartilage
lesions and checked for patellofemoral congru-
ency. About 1-1.5 cm of the lateral border of the
patella, including osteophytes, and 1-2 mm of
cartilage are resected with an oscillating saw. It
has no detrimental effect on quadriceps function,
but if the vastus lateralis is detached, complica-
tions such as medial patellar subluxation, patellar
hypermobility, quadriceps weakness or rupture,
hemarthrosis, and skin necrosis may occur. If a
kissing lesion and osteophytes exist on the lateral
condyle of the femur, they also are cut and
trimmed. Range of motion and isometric quadri-
ceps exercises are initiated as soon as possible,
and weight-bearing is allowed in the first week
postoperatively [83].

6.3.3 Results (Tables 6.16 and 6.17)

6.3.3.1 Outcomes

There are 15 published series of tibial tubercle
osteotomy for patellofemoral osteoarthritis cur-
rently in the literature [77, 79, 81, 82, 86, 87, 93,
96, 99—105]. The studies were divided into two
groups: the Maquet osteotomies (Table 6.16) and

tions (modified Maquet and Ferguson osteot-
omy), the studies include 457 operated knees.
Mean follow-up ranges from 17 to 192 months.
There is a wide margin of the reported excel-
lent/good results, which are between 10 and
100 %. Related to the Fulkerson osteotomy
combined, the studies included 179 operated
knees. Mean follow-up ranges from 28 to
72 months. There is an excellent/good result
between 85.7 and 93 %.

6.3.3.2 Complications

Complication rates for Maquet osteotomy are
between 13 and 38 %, mainly related to tibial
fracture (especially tibial tubercle fracture and
metaphyseal fracture), which represents 41 % of
all complications (Table 6.16). Randin performed
the initial Maquet osteotomy (20-25 mm of bone
graft), modified Maquet (an elevation of
15-20 mm), and the Ferguson modification (10—
15 mm) in order to compare the rate of complica-
tions [95]. Related to Fulkerson osteotomy,
complication rates are between 0 and 33 %,
mainly related to pain when kneeling because of
which 26 % of patients required hardware
removal.

6.3.4 Discussion

Chondromalacia patellae and patellofemoral
osteoarthritis pose a difficult treatment problem
for orthopedic surgeons. The initial treatment
should be a nonoperative regimen, but some
patients will subsequently require operative inter-
vention for pain relief and functional improve-
ment. Maquet osteotomy reported good results
but with a high rate of complications and there-
fore is now rarely used. The Fulkerson method is
now more commonly used, particularly to treat
inferolateral patellar wear associated with
malalignment in younger patients.

Apart from surgical technique, other vari-
ables are important, including patient selection
and management of the soft tissues, which have
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a role in limiting complications. Age, weight,
and gender have no proven predictive values
[87, 96, 106].

Some authors reported better prognosis in
“end-stage” cases (Outerbridge III-IV or Iwano
grades II, III, and IV). Pidoriano [93] noted an
improved activity level after anteromedial tibial
tubercle transfer if a lateral or distal articular
lesion is present. Patients with medial or proxi-
mal lesions, however, may not achieve satisfac-
tory improvement in physical activity. Trochlear
lesions were described at the time of surgery,
reporting excellent/good results for lateral lesions
and worse results for central lesions which are
associated with lateral and medial patella lesions,
respectively.

Partial lateral facetectomy, with or without a
lateral retinacular release or lengthening, is a use-
ful operation for advanced isolated patellofemo-
ral arthrosis. Associated tibiofemoral arthritis,
even when patellofemoral arthritis is most promi-
nent, leads to poorer outcomes [80, 83, 107-109].
Isolated lateral retinacular release (LRR) alone
has been shown to improve middle-aged and
elderly patients with normal tibiofemoral align-
ment and joint, normal Q angle (<25°), and no
lateral patellar subluxation on axial view [110].
LRR is reserved for patients with abnormal patel-
lar tilt and no arthrosis. Patients with patellofem-
oral arthritis associated with lateral subluxation
and lateral osteophytes have satisfaction rates
between 88 and 90 % when lateral facetectomy is
performed, with or without a lateral release, rec-
ognizing that a lateral facetectomy alone will
relax the lateral structures [80, 83, 107-109].

Parvizi added that IPFOA had an increased
prevalence of extensor mechanism malalignment
and an increased requirement for LRR. Wetzels
and Bellemans reported that the lateral release
was necessary in 78.6 % of the 168 knees
undergoing lateral facetectomy [84]. Paulos
reported results of lateral facetectomy associated
with LRR in 66 end-stage knees, with 88 % satis-
fied or very satisfied in 5 years mean follow-up
[107]. Martens performed isolated lateral patel-
lectomy in 20 knees and reported 65 % of good
results and 25 % of moderate results at 2 year

follow-up. In long-term follow-up, Kaplan-Meier
survival rates with reoperation as an end point
were 85 % at 5 years, 67.2 % at 10 years, and
46.7 % at 20 years [84].

Isolated PFOA can also be treated by patello-
femoral arthroplasty or TKA, although it is usu-
ally reserved for older patients. The success rate
of patellofemoral arthroplasty varies from 44 to
90 %. Laskin reported that TKA for isolated
PFOA provided excellent pain relief and improve-
ment of function in 70-85 % [83].

6.3.5 Conclusion

Tibial tubercle anteromedialization osteotomy is
an effective treatment for anterior knee pain. It
can provide excellent/good long-term functional
results in the majority of patients, with a very
high grade of satisfaction levels and sustained
improvement in pain. Knees with patellofemoral
malalignment may benefit from an individualized
medialization of the tibial tubercle. Lateral patel-
lar facetectomy with or without formal LRR may
also have high rates of satisfaction in longer term
results.

6.4  Conclusions

Osteotomy around the knee joint is a particularly
valuable procedure for a specific group of
patients, as discussed in detail in this chapter. It is
especially valuable in the management of OA in
the younger patient, as it allows a significant
improvement in pain and function without resort-
ing to the irreversible arthroplasty option. It has
also been shown to have a positive influence on
the natural history of OA. Achieving success
with osteotomy relies on careful patient selec-
tion, careful and precise surgical technique, and
appropriately prescribed rehabilitation. If these
requirements are met, then there is usually a sig-
nificant, sustained improvement, and therefore
all orthopedic surgeons managing these patients
should be familiar and comfortable with the tech-
niques described in this chapter.
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6.5 Case Examples Suffers from medial pain during sport activi-
ties, and occasional pain when walking

Medial Opening HTO

Young active male, 45 years old, 180 cm, 105 kg,

previous medial meniscectomy 20 years ago

Preoperative
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Postoperative x-rays, 2 months fu
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Lateral closing HTO Suffers from medial pain during daily
Young active patient, 35 years old, ACL recon- activities
struction and medial meniscectomy 15 years ago
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Postoperative
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Lateral Opening DFO Suffers from lateral knee pain, during daily
Middle-aged female, 50 years old, previous activities
lateral meniscectomy 15 years ago

Preoperative
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Postoperative
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Lateral facetectomy
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7.1 Introduction

Historically, advances in total knee arthroplasty
(TKA) with regard to implant design and surgical
technique have resulted in improved clinical out-
comes and survivorship [1]. Despite the func-
tional advantages of unicompartmental knee
arthroplasty (UKA), advances in clinical out-
comes and survivorship continue to be somewhat
limited [2—-5]. Proponents of UKA cite multiple
advantages of UKA over TKA. These include
accelerated patient rehabilitation and recovery,
less blood loss, lower morbidity, and preservation
of normal knee kinematics [6].

In the United States (US), there is a current
trend in orthopedics to provide patients with mini-
mally invasive surgery resulting in a speedy recov-
ery. The interest in UKA has continued to increase
at arate triple that of TKA [7]. This is compounded
for the working age population (45—-64 years old),
which has been expected to represent 1/3 of all
arthroplasty cases by the year 2030 [8]. This is not
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the case worldwide. For example, in Sweden, the
use of UKA decreased by 8 % between 2012 and
2013 and accounted for only 4.1 % of the number
of arthroplasty procedures performed in the coun-
try in 2013 [9]. Likewise, in Australia, UKA
decreased 2.7 % between 2012 and 2013 and
accounted for 9.9 % of primary knee procedures in
2013 [10]. The UK Joint Registry is on par with
these registries with regard to UKA as a percentage
of primary knee procedures (9.2 %) but showed
only a 0.4 % decrease in this percentage between
2012 and 2013 [11]. There were 725 UKA proce-
dures in the New Zealand Joint Registry, which
accounted for 9.8 % of primary knee procedures
and represented a decrease of 0.3 % between 2012
and 2013 [12]. Regardless of where the joint sur-
geon is located, UKA has the potential to be a sig-
nificant portion of one’s practice, and understanding
of the current literature and treatment algorithms is
imperative to a successful outcome.

7.2  Basic Design Principles
Successful UKA implant design relies on long-
term fixation to host bone while optimizing con-
tact area and limiting constraint between the
components, which will result in decreased poly-
ethylene wear and contact stress. Increased con-
straint can result in accelerated loosening and
implant failure, which has been reported with
such UKA designs. This is due to the main driver
of the knee kinematics in UKA knees being the
cruciate ligaments and un-resurfaced compart-
ments, and as such, a fixed-bearing UKA cannot
be fully conforming [13].

There has been some data in the past studies
showing failure rates (end point being revision
surgery) for UKA in young patients (<60 years
old) as high as 72 % at 7 years [14]. It has been
thought that the failures described in older stud-
ies are at least partially as a result of design flaws
including metal-backed tibial poly components
leading to rapid poly wear as well as issues with
femoral component loosening at the cement—
component interface [15]. One difficulty often
found with reviewing the literature related to
outcomes is that a prosthesis used may later be
recalled or discontinued [16].

A study by Fehring et al. [17] looked at rea-
sons for early failure in UKA over two separate
periods of time: 1990-1999 (period 1) and 2000—
2008 (period 2). The findings indicate that the
early failure rate is on the rise; however, the rea-
son for failure differed between period 1 and
period 2 (poly wear and loosening vs. technical
errors, respectively) and, as such, should serve as
a reminder to thoroughly review the literature
and understand the history of UKA designs.

7.3  Unicompartmental Knee
Arthroplasty Indications
7.3.1 General

The indications for unicompartmental knee
arthroplasty have somewhat expanded since first
described by Kozinn and Scott [18]. The histori-
cal indications for unicompartmental knee arthro-
plasty have been:

1. Medial or lateral compartmental osteoarthri-
tis or osteonecrosis

2. Age >60 years with a low activity level

3. Weight <82 kg

4. Minimal pain at rest

5. Range-of-motion (ROM) arc >90° with <5°
flexion contracture

6. Angular deformity <15° that is passively cor-

rectable to neutral

Based on the above criteria, it has been shown
that approx. 6 % of total joint patients will qualify
for a UKA [19]. These criteria have subsequently
been proven to provide excellent results (96 % sur-
vival at 13 years) in unicompartmental arthroplasty
at a minimum of 10 years even when they were
made to be less stringent (flexion contracture of
<15° instead of <5°, a weight of <124.7 kg instead
of <82 kg, and an age >50 years old instead of
>60 years old) [20]. The following criteria
(Table 7.1) are an initial screening tool to help the
surgeon quickly rule out potential UKA candidates.
These are further broken down into their compart-
ment-specific criteria in the sections to follow.

Although there are restrictions with regard to
BMI, it should be noted that a recent study
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Table 7.1 Revised indication for UKA
Medial or lateral compartmental osteoarthritis or
osteonecrosis
Age >50 years old
Weight <124.7 kg
Minimal pain at rest

Range-of-motion (ROM) arc >90° with <15° flexion
contracture

Angular deformity <15° that is passively correctable
to neutral

showed no correlation between BMI and revision
rates at 5 years [21]. Further research is war-
ranted in this area.

In addition to the above physical exam find-
ings, a thorough preoperative workup is necessary.
Radiographs including a weight-bearing antero-
posterior (AP), lateral, stress, and patellar views
should be obtained to help determine whether the
patient is an appropriate candidate for UKA.

7.3.2 Medial UKA

Recent literature regarding medial UKA
(MUKA) has investigated additional criteria
which have expanded the ideal patient to include
the younger population as well as created some
specific indications such as intact ACL and a
deformity that corrects <10° for a varus knee and
<5° in a valgus knee [22-24].

The recent literature has continued to empha-
size that regardless of the patient’s age, thorough
preoperative evaluation is imperative. This
includes thorough history and physical exam.
With the strict inclusion criteria, a missed contra-
indication can have catastrophic results. The cur-
rent trends that differ from the “older patient”
criteria seem to favor full-thickness cartilage in
the opposite compartment, intact ACL, and full
extension (Table 7.2).

It is worth mentioning that there has been evi-
dence against performing a MUKA in a knee
with less than severe arthritic change. Niiniméki
et al. [26] reported a series of 113 MUKAs with
a mean follow-up of 63 months and examined the
reoperation rates as they related to a number of
factors. They determined that reoperation rates
were dependent on the joint space preoperatively.

Table 7.2 Indications for a medial UKA [19, 25]
Unicompartmental involvement (Ahlback stage
narrowing greater than or equal to 2)
100° ROM
Full extension

Absence of patellofemoral joint (PFJ) involvement 30°,
60°, 90° flexion views

Total correction of deformity in coronal plane on stress
X-rays
Full-thickness cartilage in lateral compartment

Intact ACL (verified with MRI if needed) or ability
of the surgeon to perform a reconstruction

When the thickness of the medial joint space was
>2 mm, the revision rate was six times higher and
eight times higher when the medial space was
>40 % of the thickness of the lateral space.

In summary, the criteria for MUKA are
extremely rigid and require that a surgeon be
well versed in patient selection to ensure
proper preoperative discussions and consistent
outcomes.

7.3.3 Lateral UKA

The indications for lateral UKA (LUKA) have
been extrapolated from Kozinn and Scott [18]
and narrowed. There is a lack of studies including
younger patients. For example, Pennington et al.
[27] and Smith et al. [28] reported an average age
of 68 years old and 64.8 years old, respectively.
Their indications were as follows:

Diagnosis of noninflammatory arthritis

At least 90° of knee flexion

Intact ACL

Flexion contracture of <10°

Maximum valgus deformity of 20° that can
be corrected to <7° of valgus (with the knee in
maximum extension)

hAEE Rl

Pennington et al. also included patients with
arthrosis secondary to trauma, weight >180 Ibs.,
and osteophytes or chondrocalcinosis seen on
radiographs. The authors used intraoperative
examination of the other two compartments in their
decision-making process. If the uninvolved com-
partment and the patellofemoral joint contained
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Table 7.3 Indications for PFA as described by Lonner [29]

<60 years old
Chondromalacia grade I or IT

Q-Angle <20° in women and <15° in men (unless
corrected prior to PFA with anteromedialization of the
tibial tubercle)

Lack of medial or lateral joint line pain

Absence of patellofemoral maltracking or
malalignment

Outerbridge grade 2 or less, they proceeded with
LUKA.

The key to LUKA is understanding the
mechanics of the lateral femoral condyle on the
tibia as the knee progresses through its range of
motion. Pennington et al. [27] used these prin-
ciples to place the tibial component in 10-15°
of internal rotation corresponding to knee
mechanics driving the femur into internal rota-
tion of approximately 20° on the tibia at full
extension.

7.3.4 Patellofemoral Arthroplasty

Original designs for patellofemoral arthroplasty
(PFA) resurfaced only the patella; however, the
second-generation designs incorporated a troch-
lear component due to the persistence of knee
pain after patella resurfacing. PFA is ideal for a
patient with arthritis as a result of patellofemoral
dysplasia without maltracking. Any medial or
lateral joint line tenderness should be a strict con-
traindication to PFA with consideration made for
other more extensive treatment options. The indi-
cations for PFA are listed in Table 7.3.

7.4 Controversies
7.4.1 Deficient ACL in Young
Patients

7.4.1.1 Medial UKA

There has historically been controversy sur-
rounding the extent to which an ACL deficiency
is a contraindication to MUKA. In a cadaveric
kinematic study, Suggs et al. [30] demonstrated a

larger anterior translation of the tibia on the
femur in  ACL-deficient  static-bearing
MUKA. The authors speculated that this instabil-
ity would create an environment in which further
lateral and patellofemoral compartment wear
would ensue. The mechanics of the Suggs study
were tested by Argenson et al. [31] who found
that when an ACL-deficient MUKA was in exten-
sion, the femur had a posterior contact position
on the tibia. They also observed a paradoxical
anterior translation of the femur on the tibia,
which is also thought to play a role in accelerated
wear of the polyethylene bearing.

Despite the above studies and their findings,
some studies have suggested that good to equivo-
cal results and survivorship could be expected in
ACL-deficient knees [32—-34]. One of the criteria
for such outcomes was that the tibial component
had to be positioned at <7° slope. These studies
were not specifically focused on younger patients
nor their expected increased activity level and
demand on durability.

The ambiguity in whether or not to include
ACL deficiency as a contraindication for UKA
seems to swing from controversial to absolute in
the younger population if the ACL instability is
not addressed as well. In a recent study, Biswas
et al. [7] offered ACL reconstruction at the time
of their UKA in patients with ACL-deficient
knees who were candidates for UKA. Results at a
2-year follow-up estimated a survival of 96.5 %
at 10 years. Given the younger patient’s expected
higher activity level and life expectancy, unad-
dressed ACL deficiency as a contraindication
seems consistent among the studies related to
UKA in younger patients [3, 19, 25, 7, 15, 35].

Given the above data, we recommend an algo-
rithm based on Weston-Simmons et al. [36]. This
stems from understanding the pathologic process
of medial compartment osteoarthritis (MCOA)
and its etiology. If arthritis is the primary pathol-
ogy, it will extend from an anterior to posterior
direction leading to progressive ACL destruction.
As this is a chronic process, by the time the ACL
is damaged, the MCL and lateral compartment
are affected, thus precluding the use of a UKA. If
ACL deficiency is the primary pathology, the
arthritic changes begin posteriorly as a result of
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Fig 7.1 Algorithm for
treatment of medial
compartment OA with
ACL tear

ACL Reconstruction

Still Complaining of Pain

the posterior femoral subluxation in relation to
the tibia. If a patient with the later pathologic pro-
cess presents to clinic, the decision to treat both
the ACL and MCOA in a single procedure is
based on their primary complaint. If instability is
the primary complaint, an ACL reconstruction is
performed first. Should the primary complaint be
pain, both an ACL reconstruction and UKA can
be performed (see Fig. 7.1). With the use of this
algorithm, the implant survival has been 93 %,
with a patient satisfaction of 98 % [36].

7.4.1.2 Lateral UKA

LUKA in an ACL-deficient knee has been con-
traindicated in all patient populations due to the
increased motion of the lateral compartment par-
ticularly in regard to anteroposterior translation.
This has been shown to have a higher rate of fail-
ure in static and mobile-bearing prostheses in
ACL-deficient knees [13]. There is a paucity of
data with regard to LUKA with ACL repair at
the time of surgery and thus no recommenda-
tions as to the potential use of such surgical
management.

Regardless of the patient, ACL reconstruction
at the time of UKA should be reserved for the
surgeon well experienced in both UKA and ACL
reconstructions. Although the literature has sup-
ported UKA in ACL-deficient knees if they lack
clinical or intraoperative instability, ACL recon-
struction in clinically ACL-deficient patients

Medial
Compartment OA +
ACL Deficiency

Primary Complaint

| Instability }——{ Pain |

ACL reconstruction +
UKA

who are candidates for UKA may also be an out-
come supported surgical option.

7.4.2 Asymptomatic PFJ Arthritis

Typically PFJ arthritis has been a contraindica-
tion to UKA, especially in the young patient.
Concerns for incomplete relief of pain or pro-
gressive arthritic change in the years postopera-
tively following the partial knee replacement
have led to this contraindication. Recently the
swing has been for the surgeon to use physical
exam as a guide of inclusion for a patient with
PFJ arthritis, namely, does the patient have ante-
rior knee pain [25]. Symptomatic PFJ arthritis is
thought to be a contraindication to surgery and
not necessarily as dependent on radiographic
findings.

7.4.3 Mobile Versus Static Bearing

The challenge with reviewing the literature
addressing fixed versus mobile bearings is that
some of the published research involves compo-
nents with older designs and issues for which the
manufacturer has made substantial corrections.
For example, in a retrospective review, Emerson
et al. [37] reported a 99 % survivorship for the
Oxford (Biomet, Warsaw, IN) meniscal-bearing
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design and 93 % for the Robert Brigham fixed-
bearing design (Johnson & Johnson Orthopaedics,
Raynham, MA), based on component loosening
and revision. Concerns with this study include
the author’s choice of compared implants
occurred during two different time periods and
therefore may not account for changes in the
technology or advances in the surgeon’s skill and
experience. Contrast that finding to one earlier on
in the development of the Oxford, which showed
mobile-bearing revision to be twice that of fixed-
bearing revisions. The most common reason for
revision was for dislocated poly [13].

Keeping this in mind, there are arguments to
be made for both bearing options, and as the cur-
rent literature is reviewed, the difficulties of both
types are heavily technique dependent.

7.4.3.1 Pros

Mobile

The concept behind mobile-bearing surfaces is
the reduction of shear forces due to the fully
congruent and unconstrained design, thus giv-
ing the implant reduced wear rates. Studies sug-
gest that due to the congruent nature of mobile
bearings as well as the lack of constraint, there
is minimal wear and shear forces and thus
decreased chance of loosening of the tibia base-
plate. Twenty-year in vivo wear rates have been
reported to be as low as 0.4 mm with a 0.02 mm/
year wear rate [38].

Static

One of the earliest static-bearing designs was the
Marmor prosthesis (Smith & Nephew, Memphis,
TN). The tibial component was cemented on can-
cellous bone within the cortical rim as an inlay
prosthesis resulting in high levels of subsidence
and failure. Metal backing was introduced in the
1980s in order to evenly distribute the forces
across a wider area. With the modularity that the
metal-backed components provide, femoral com-
ponent implantation became easier and also
allowed for an isolated poly exchange should the
patient require it. Static bearings also eliminated
concerns for spin out of the bearing and disloca-
tion of the poly insert.

7.4.3.2 Cons

Mobile

The most commonly cited issue with mobile-
bearing designs is the worry for poly dislocation.
This is seen in both medial and lateral UKA
patients. Gunther et al. [39] saw an increased risk
in lateral UKA when compared to MUKA in a
series of fifty-three patients. There was a 10 %
rate of bearing dislocation and a 21 % failure rate
at 5 years postoperatively. Although techniques
and implant design have improved dislocation, it
still remains a concern that needs to be consid-
ered when choosing a mobile bearing. Some
designs such as the LCS (low contact stress)
component (DePuy, Warsaw, IN) use a dovetail
track to lower the chances of poly dislocation
[13]. A meta-analysis of the Oxford UKA showed
a dislocation rate of 0.4 %, which has been con-
sidered acceptable [40]. The difficulty with bear-
ing dislocation in UKA is that it often is due to
poor positioning of the implants, and thus, a full
revision may need to be done in order to prevent
future dislocations.

Static

Despite the advantages, the metal-backed design
brings some disadvantages as well. A dichotomy
between thinner poly and larger tibial bone cut is
created, whereas the surgeon must take multiple
factors into consideration when deciding on an
implant. Studies have shown that the greatest
success for fixed-bearing devices has come from
round-on-flat or slightly dished geometries [13].
Concerns for increased wear of the poly due to
higher constraint in static bearing designs have
also been published. Increased wear in the sec-
ond decade of patients under 60 years of age with
fixed-bearing (Miller—Galante) UKA has been
noted and should be taken into consideration
when potentially recommending these designs to
younger, active patients [41].

7.4.3.3 Outcomes

Recent literature has shown that mobile-bearing
UKA in patients under 60 years has a similar rate
of failure as in those over 60 years of age, includ-
ing a survival of 97 % at 10 years [42]. There have
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been several studies showing the long-term benefit
of fixed- and mobile-bearing UKA designs. Berger
et al. [20] recently reported results of a modular
fixed-bearing, metal-backed tibial component.
The authors noted that their thinnest polyethylene
was 5.7 mm and was used in more than half of
their patients. They showed a survival of 96 % at
an average of 12-year follow-up (minimum
10-year follow-up) with 92 % of patients having
excellent or good outcomes. The average age was
68 years (range 51-84). The authors emphasized
their strict patient selection (Kozinn and Scott) and
surgical technique as reasons for their success.

Similarly, Price et al. [43] reported a survival
of 93 % at 15 years with 91 % of patients having
good or excellent results with a mobile bearing.
The authors argued that the decreased polyethyl-
ene contact stresses resulting from the mobile
bearing’s congruent design allowed them to
implant polyethylene liners as thin as 3.5 mm
with no change in clinical outcome or failure rate.
The clinical relevance of the thin polyethylene
liner is that it allows for a smaller tibial bone cut
and increased preservation of native bone to
allow for more options at the time of a revision.

In a recent study, a comparable 20-year survi-
vorship rate was found between the two bearing
types with slight differences observed between
the United Kingdom, North America, and Europe
[44]. This is also supported by a paper that looked
at revision rates between the two bearing types at
15-year follow-up. The authors considered revi-
sion for any reason to be an end point and showed
12 of 77 (15 %) UKAs were revised (for aseptic
loosening, dislocation, and arthritis progression)
in the mobile-bearing group and 10 of 79 (12 %)
in the fixed-bearing group (for wear and arthritis
progression) [45].

There has only been one prospective, random-
ized controlled study comparing mobile and
static bearing [46]. The authors compared the
AMC mobile-bearing component (Alphanorm,
Quierschied, Germany) with the Allegretto fixed-
bearing  component (Centerpulse, Baar,
Switzerland). At a mean 5.7-year follow-up,
there was no statistically significant difference
between the groups with regard to revision rates
or clinical outcome scores.

Radiographically, the number of overcorrec-
tions and the number of radiolucencies tend to be
statistically higher in the mobile-bearing group
(69 % vs. 24 %); however, this doesn’t seem to
make a difference in revision rates [41].

Kinematic analysis has shown that the mobile-
bearing UKA has normal kinematics at 1 and
10 years. Static UKA kinematics are normal at
1 year, but at 10 years, the kinematic profile dete-
riorates to that of a TKA [44]. The mean Knee
Society function and knee scores were compara-
ble in a recent study comparing the two types of
bearing surfaces at 15 years [41].

7.4.3.4 Summary

Regardless of the bearing type selected by the
surgeon, advances in technology as well as sur-
geon comfort level in dealing with not only the
primary procedure but each complication associ-
ated with its given bearing type need to be thor-
oughly considered. The complications of each
bearing result typically from component malpo-
sition. We recommend either bearing type as long
as the surgeon is comfortable with component
implantation and understands the kinematics of
each implant design.

7.5 Unicompartmental Knee
Arthroplasty Outcomes
7.5.1 Medial UKA

Age has not been reported to be a predictor of
poor outcomes. In fact, in a recent study by
Thompson et al. [47], there was no significant
difference in Knee Society Score (KSS) at 1 year;
however, at 2 years there was a statistically sig-
nificant difference in KSS with patients <60 years
old scoring higher (Fig. 7.2).

The outcomes for MUKA in young patients
have been reported before, and there seems to be
differing opinion between the studies conducted in
the United States and those in Europe with regard
to survival. For example, the Swedish Knee
Arthroplasty Registry found a 10-year survival
rate of 83 % in patients <65 years of age who
received a UKA for osteoarthritis. However, there
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Fig 7.2 KSS scores in 100
patients <60 and 2 -
>60 years, 1 and 2 years | —
post MUKA (Data from 80 ——
Thompson et al. [47]. o 1
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was no mention of patient selection or surgical
experience, and the data included at least nine dif-
ferent prostheses [25]. Besides the lack of patient
data, the registry data’s lack of surgical experience
data leaves the outcomes suspect as it has been
reported that long-term results for unicompart-
mental arthroplasty are related to the number of
surgeries performed by a given unit (study center)
and reduce the failure of the UKA [48].

A recent study by Heyse et al. [49] studied lat-
eral and medial UKA in patients <60 years old
(average age at index operation — 53.7 (SD 5.8,
range 30-60) years) with a mean follow-up of
10.8 years. The KSS was 94.3 (SD 7.8), and the
function score was 94.9 (SD 6.8) with a 94.3
implant survival rate. Survivorship for the entire
cohort was 93.5 % at 10 years (MUKA 94.1 %
vs. lateral 91.8 %) and 86.3 % at 15 years (85.1 %
medial vs. 91.7 % lateral). This seems to be con-
sistent with other literature on MUKA in young
patients (Table 7.4) [7, 49, 19, 50, 51, 25, 52].

7.5.2 Lateral UKA

The prevalence of lateral knee compartment
osteoarthritis has been reported to be much lower
than the other compartments which, by nature,
leads to a lack of data regarding LUKA espe-
cially in younger patients [54]. It has been
reported that MUKA is performed in a 10:1 ratio
to LUKA [55]. Outcomes reported for LUKA
however have been favorable. In one study,

authors looked at 29 LUKAs. At an average of
12.4-year follow-up (range of 3.1-15.6), all of
their implants were functioning and no revisions.
On average, they also saw the HSS knee scores
increase from 60 to 93 postoperatively [27].

Smith et al. [28] saw a 98.7 % and 95.5 % sur-
vival of 100 lateral UKA patients at 2 and 5 years,
respectively. The authors also saw AKSS (best 100,
worst 0) and WOMAC (best 7, worst 35) scores
improve after surgery. Median AKS function score
increased from a preoperative score of 55-90 at
5 years. Median WOMAC function scores also
improved from 22 preoperatively to 11 at 5 years.

Sah and Scott [56] published a series of 49
knees, using three different prostheses. They
showed a survivorship of 100 % at 5.2-year fol-
low-up. Studies with longer follow-up (10 years)
have been published by Argenson et al. [57] and
Lustig et al. [58] and report 92 % and 98 % pros-
theses survival, respectively.

Again, when compared to recently published
data for all lateral UKA performed in England and
Wales from the National Joint Registry [59], the
results of Smith et al. present more favorably, which
shows the discrepancy between outcomes in inde-
pendent series, inventor studies, and registries [28].

7.5.3 PFA

There is a paucity of data for young patients
undergoing PFA. The most recent review looked
at 16 publications addressing PFA outcomes (total
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of 773 patients and 912 knees) with an average
age of 55.9 years (range 19-90 years) and a mean
follow-up of 5.7 years (range 0.16-24 years). The
outcomes showed an average of 88 % improved
function and pain relief (range 42-96 %) [60].

One study specifically looked at patients under
the age of 55 undergoing PFA. The authors made
specific mention of a unique prerequisite with
regard to the patient’s mental state and more spe-
cifically that it is stable. They looked at 110
patients and found a less predictable benefit to
PFA when compared with MUKA [61].

Overall, PFA has been somewhat controver-
sial and unpredictable which is likely related to
most of the early studies using first-generation
implants [60]. Patient selection is also of utmost
importance when considering PFA.

7.6  Return to Activity
It comes to no surprise that young patients seek
care for joint pain that limits their activity level
and quality of life. The question most difficult to
address is whether these patients will or should
be able to return to impact activities or will they
be forever limited in their activities post-UKA.

For the patients who are inactive in regard to
sport, there is very little evidence to prove that they
will become actively involved in a new activity
postoperatively. What the literature does show is
that postoperatively, there will be a return to activ-
ity rate of 94.8 % at the same frequency at which
the patient participated preoperatively [62]. While
the participation remains high in the postoperative
period, there are some things to keep in mind.

The number of patients who perform 60 min of
activity at a time has been shown to significantly
decrease. What will also change is the type of
activities. In the younger patients (<66 years old),
three of the top five sport activities (tennis, down-
hill skiing, hiking) showed a significant decrease
of participation of 84.5, 51.9, and 28.0 %, respec-
tively, in the postoperative period [62]. The other
two activities, cycling and swimming, showed no
significant decrease in participation.

Given the above information, it is important to
also note that patients who undergo UKA will
have a significantly higher health-related quality

of life as measured by the SF-36 questionnaire
than people in the same demographic who have
not undergone UKA [62].

7.6.1 Recommendations

We recommend patients receive a rapid therapy
protocol with range of motion and mobilization
beginning as quickly as possible in the postopera-
tive period. After the initial postoperative visit,
patients can return to work and driving if they
meet the following criteria:

1. Are not taking any narcotic pain medication

2. Are not needing an assistive device to ambulate

3. Have complete voluntary control of their
operative extremity

4. Have practiced in a low-stakes environment
(e.g., empty parking lot)

We recommend the surgeon counsel their
patients with regard to high-impact activities and
the potential of increased wear and loosening
rates which could ultimately lead to early implant
failure and need for revision surgery. Patients
should be symptom- and pain-free during their
chosen activities and should have undergone a
muscular rehab protocol focused on strengthen-
ing the quadriceps and hamstring muscles and
overall conditioning of the extremity prior to par-
ticipation in sport activities.

It should be recommended that patients par-
ticipate in activities that are low and mid-impact
exercises such as swimming, cycling, hiking,
weight training, golf, and skiing (excluding
moguls and jumps).

7.7  Special Circumstances

7.7.1 Isolated Cartilage Lesion
7.7.1.1 Focal Femoral Condyle
Resurfacing

Indications
There remains a dilemma when a patient pres-
ents with an isolated, full-thickness, one-sided
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Fig.7.3 HemiCAP procedure (Courtesy of Dr. Myles Coolican)

cartilage lesion. Results have been poor in
middle-aged patients (40-60 years old) when
they are treated with procedures amenable to a
younger population (micro fracture, osteochon-
dral grafting, and chondrocyte implantation)
[63]. There is a paucity of data with regard to
long-term outcomes; however, the criteria for
inclusion of focal femoral condyle resurfacing
(FFCR) are as follows:

¢ BMI<35

¢ One-sided defect (no kissing lesions)

¢ Diameter <20 mm

* Osteoarthritis (no inflammatory arthritis)
* No ligamentous instability

e Varus/valgus malalignment <7°

Postoperative Course

Standardized rehab is focused on range of motion
followed by strengthening. The primary implant
stability allows for rapid recovery and a symptom-
based rehab progression protocol and weight
bearing once postoperative pain and swelling has
subsided [63] (Fig. 7.3).

Outcomes

Given the debilitating nature of a full-thickness
cartilage lesion in an otherwise healthy knee, it
comes to no surprise that satisfactory outcomes

result from FFCR. In a recent study, there was a
significant increase in the HSS score with an
average of 45 % increase in knee scores and 48 %
in function scores from the pre- to postoperative
period [63]. Another study looked at Knee Injury
and Osteoarthritis Outcome Score (KOOS)
scores at 5 years following FFCR and compared
it to normative data for the same age demo-
graphic. All KOOS scores increased postopera-
tively and were significantly better for all
components of the KOOS scores in females with
the exception of the Sports and Recreation and
Quality of Life components. When compared to
normal males, the scores were inferior across the
board [64]. Given the right pathology, FFCR can
provide a good outcome while potentially buying
time to more invasive reconstructive (UKA/
TKA) procedures.

7.7.1.2 Patellofemoral Inlay
Resurfacing

Indications

Patellofemoral arthritis is common in the
younger, active population with high expecta-
tions postoperatively to return to a high level of
function. Thorough history and physical with
appropriate studies should allow the physician to
determine which patient is a candidate for
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patellofemoral  inlay resurfacing (PFIR).
Indications have classically included disabling
patellofemoral OA (grades III-IV according to
the Kellgren-Lawrence scale) or chondrosis
(grades ITI-TV according to Outerbridge) that has
been refractory to conservative treatment and/or
prior surgery without any of the following [65]:

e Concomitant tibiofemoral OA creating pain
during activities of daily living

¢ Systemic inflammatory arthropathy

* Chondrocalcinosis

» Chronic regional pain syndrome

» Fixed loss of knee range of motion

Postoperative Course

After isolated PFIR, weight bearing is limited for
2 weeks. Full range of motion can be allowed
immediately; however, if there is another proce-
dure performed concomitantly with PFIR, this
may limit the ROM and weight-bearing protocol
postoperatively.

Outcomes

Given the high demand that PFIR patients put on
their knees, a majority (58 %) of them participate
in athletics despite needing surgery [65]. Studies
have shown that even if there is another proce-
dure performed at the time of the PFIR (i.e.,
medial patellofemoral ligament reconstruction),
patients will see an increase in their IKDC,
WOMAC, visual analogue scale for pain (VAS)
scores, as well as an increase in the postsurgical
participation in athletics [65].

7.7.2 Bicompartmental
Arthroplasty

Bicompartmental knee arthroplasty is defined as
the simultaneous arthroplasty of either the medial
or lateral compartment in addition to the
PFJ. There are limited studies with regard to
bicompartmental arthroplasty and outcomes. One
study by Palumbo et al. [66] showed a 14 % revi-
sion rate for pain, and 39 % of patients had poor
outcomes. The prosthesis used in the study is no
longer used at the investigating institution.

Another study by Morrison et al. [67] showed a
14 % revision rate and a 28 % complication rate.
We recommend bicompartmental arthroplasty
be performed only by those surgeons with high
volume of knee arthroplasty as the procedure is
very technique dependent and the potential com-
plications are numerous in these cases.

7.7.3 Conversion to TKA

Most commonly cited reasons for UKA failure
include bearing wear, loosening, and progression of
DJD in the adjacent compartments. Studies have
pointed to the progression of arthritis in the other
compartments and component loosening as the
highest reasons for UKA revision surgery. One
study revealed 51 % of revision surgeries were due
to adjacent DJD, while another study favored loos-
ening (43 %) as the most common cause. Both
articles agreed that the two most common reasons
for revision surgery of a UKA are progression of
arthritis and component loosening [13]. A recent
study using data in the Finnish Arthroplasty
Registry found that in younger patients
(<or=65 years of age), there was a 1.5-fold
increased risk of revision compared to older patients
[2]. What still remains a challenge when interpret-
ing data on UKA is the difference in findings
between data registries and smaller studies with reg-
istries typically reporting poorer outcomes.

A recent study by Craik et al. [68] showed that
the risk of early revision surgery was greater in
patients with MUKA compared with primary
TKA. An interesting point was made regarding
the loss of bone stock and variation of functional
scores with UKAs needing revision surgery. The
authors stated that poor pre-revision function dic-
tated post-revision function regardless of the
need for additional intraoperative measures to
make up for loss of bone stock. They concluded
that in the case where a patient’s function was
deteriorating after primary UKA, expedition of
revision surgery might be warranted to improve
function after revision surgery. This is backed by
Pearse’s study, which stated that UKA to TKA
revisions do worse than primary TKA and have a
fourfold increase in revision rates thereafter.
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Fig.7.4 AP (a) and lateral
(b) preoperative x-rays of a
failed MUKA

Fig.7.5 Intraoperative management of medial bone defects with screws (a) and medial wedge (b)

However, if a UKA in a young patient is going to
fail because of wear, it has been discussed that a
TKA in that same patient would fail for the same
reason [19, 69]. Furthermore, it has been pro-
posed that UKA to TKA may be more straight-
forward than TKA to revision TKA [4].

In the instances where a UKA to TKA revi-
sion was required, the outcomes have been good.
There have been few studies of UKA revisions;
however, the data is promising. Levine et al. [70]
showed good results at an average follow-up of

45 months for UKA’s revised to TKA at an aver-
age of 62 months. No structural allografts were
needed, and they mentioned that their revisions
were comparable to primary TKA. A similar
study of 73 revisions at an average of 58 months
had small bone defects and a total of 20 requiring
bone graft of wedges. They reported 80 % excel-
lent or good results at an average of 56-month
follow-up [71]. Figures 7.4, 7.5, and 7.6 illustrate
reconstruction of failed MUKA converted to
TKA with augments for significant bone loss.



128

T. Loidolt and B. Curtin

Fig. 7.6 AP (a) and lateral (b) postoperative radiographs showing screw and wedge augments as well as short
cemented stems

7.8  Surgical Pearls

Technical errors in UKA can lead to early revi-
sion procedures as can poor patient selection.
The following are considerations when undertak-
ing these procedures to increase the likelihood of
good clinical outcomes.

7.8.1 Medial UKA

e Don’t let minimal exposure dictate poor
implant position.

* ACL competence is important.

e Volume will improve outcomes.

* Do not overcorrect varus/valgus deformities.

7.8.2 Lateral UKA

e Tibia component must be internally rotated
for appropriate tracking.
* ACL must be competent.
— Do  not  overcorrect
deformities.

varus/valgus

7.8.3 PFA

e Must be very selective about patients, good
candidates rare.

e Prominent femoral components will fail.

» Skin incision should be conducive to potenti-
ate future TKA incision.
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7.84 FFCR

Given that a focal chondral lesion may result
from trauma, it is imperative that the surgeon rule
out other concomitant lesions or be willing to
address them at the time of surgery. We recom-
mend a diagnostic arthroscopy prior to proceed-
ing with FFCR to look for other pathology and to
ensure the patient is a candidate for the proce-
dure. More specifically, addressing any meniscal
tear is essential to satisfaction and prosthetic life.
Failure to treat meniscal pathology has been
shown to increase contact pressure 78 % during
dynamic range of motion [72].

7.8.5 PFIR

As is the case with FFCR, it is imperative that the
surgeon considers concomitant pathologies,
which may contribute to the symptoms of a
patient presenting with an isolated PFJ lesion.
The surgeon should be comfortable with tibial
tubercle transfers, distal femoral osteotomies,
high tibial osteotomies, lateral retinacular
releases, and medial patellofemoral ligament
reconstruction as all have been shown to be
potentially needed at the time of PFIR [65].
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Fig. 8.1 Age distribution of all knee procedures
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8.3  Survivorship

With the decreasing mean age of patients receiv-
ing total knee arthroplasties, a discussion about
the durability of the components and the likeli-
hood of the need for revision becomes paramount.

In the 2014 Australian Joint Registry Annual
Report [1], the cumulative incidence of revision
after primary total knee arthroplasty was in the
order of 2 % for aseptic loosening and 1 % for
infection. When analyzing the rates of revision
by age, patients less than 55 made up the highest
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Fig. 8.3 Cumulative percent revision of primary total knee replacement for osteoarthritis by age (Orthopaedic
Association National Joint Replacement Registry. Annual Report. Adelaide: AOA, 2014)

cumulative percent revision for primary total
knee arthroplasty in every year after the primary
procedure when compared to groups aged 55-64,
65-74, and greater than 75 years (Fig. 8.3).

When controlling for gender, the hazard ratio
was greatest (7.83) when comparing cumulative
percent revision for those less than 55 years to
those greater than 75 years at 7+ years post pri-
mary total knee arthroplasty.

In the United States, the reasons for revision
knee arthroplasty have changed over the last cou-
ple of decades. In the early 2000s, Sharkey et al.
showed that the leading reasons for revision were
polyethylene wear (25 %), loosening (24 %),
instability (21 %), infection (18 %), arthrofibro-
sis (15 %), and malalignment (12 %) [2]. When
looking at the time to revision, the majority
(56 %) of these were early failures (less than
2 years after primary total knee arthroplasty), and
among these early failures, infection was the
leading cause for revision. Whereas in the late
failure (greater than 2 years postprimary TKA),
the leading causes for revision were polyethylene
wear, loosening, and instability.

In 2010, a nationwide inpatient sample of over
60,000 patients from 2005 to 2006 revealed that
infection was the leading reason for revision at
25 %, followed by mechanical loosening (16 %),

implant failure (10 %), wear and lysis (8 %), dis-
location (7 %), and fracture (1.5 %) [3]. In 2014,
Sharkey et al. published a follow-up study com-
paring reasons for revision knee arthroplasty in
2012 to those in 2002, which also demonstrated
that while the overall most common reason for
revision was loosening (40 %), infection (28 %)
was by far the most common reason for early
revisions [4]. A multicenter study by Schroer
et al. in 2013 found instability to be the most
common reason (25.2 %) for early (<2 years
since primary TKA) revision TKA, followed by
infection (22.8 %) [5]. A single-center study by
Le et al. in 2014 also found a similar trend with
instability (26 %) and infection (24 %) as the
leading reasons for early revision TKA [6].

The reasons for infection and loosening result-
ing in higher rates of early failure of TKA are not
entirely understood and remain an ongoing area
of research. Bozic et al. recently reviewed a sam-
ple of >117,000 Medicare patients from 1998 to
2010 who had revision TKA within 12 months of
their index operations and found that there were a
number of associated medical comorbidities and
modifiable risk factors: chronic obstructive pul-
monary disease, depression, alcohol and drug
abuse, renal disease, and obesity [7]. Although
this study was done in an older cohort, it is
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reasonable to infer that these same risk factors
should be identified and addressed in counseling
younger patients considering TKA about poten-
tial postoperative complications.

8.4  Fixation

Since the durability and survivability of compo-
nents are paramount in the young, active patient
who undergoes TKA, many studies have attempted
to analyze whether there is an optimal fixation
modality, bearing mobility, bearing material, and
level of constraint for such a patient population.

Although the original cementless TKA designs
had limited survivorship due to metal-backed
patellae, patch porous coating, and screw holes,
newer designs have comparable survivorship and
functional outcomes as cemented designs. A
long-term (20-30-year) follow-up study of young,
active patients who underwent TKA at a mean age
of 51 years revealed 70.1 % survivorship without
revision. Those who had cementless cruciate-
retaining components had two designs, one with
95 % survivability at 12 years and the other with
99 % survivability at 18 years [8]. A Cochrane
Review of five randomized, controlled trials with
297 patients revealed that at 2 years postopera-
tively, cemented TKA fixation demonstrated less
displacement than cementless fixation; however,
the cemented components went on to have two
times the risk of future aseptic loosening com-
pared to cementless fixation [9].

The 2014 Annual Report of the National Joint
Registry of England and Wales [10] has also sup-
ported that cementless or hybrid fixation with
unconstrained fixed and mobile-bearing designs
has a similar probability of revision as cemented
designs (Fig. 8.4a, b).

The 2014 Annual Report of the Australian
Joint Registry reported the same finding with
approximately the same cumulative percent revi-
sion of 4 % at 10 years. Thus, current data sup-
ports the use of cementless fixation, and it may be
an advantageous choice in the young, active
patient because of the possibility for improved
long-term survivorship compared to cemented
fixation.

8.5 Bearing Mobility

(Fixed versus Mobile)

The primary rationale for using a mobile-bearing
TKA design is to reduce wear while affording
greater conformity. This sounds like an attractive
option for young, active patients; however, the
literature has not supported that mobile-bearing
knees provide any greater function or better dura-
bility than fixed designs. Long et al. found the
survivability of five fixed-bearing designs in
young, active patients to range from 84 to 100 %
at 9-16 years [8]. In 2014, Kim et al. published
their 12-year follow-up data on 444 patients who
underwent simultaneous bilateral TKA with a
single manufacturer’s fixed design as well as its
mobile-bearing one. They found no significant
difference between designs with respect to sev-
eral activity scores, range of motion, prevalence
of aseptic loosening, or survival rate, which was
over 97 % for both groups [11]. The 2014 Annual
Report of the Australian Registry actually
reported a lower cumulative percent revision for
fixed-bearing designs throughout their 13 years
of reported follow-up. At 10 years, fixed-bearing
knees had a 5 % cumulative percent revision
compared to 6-7 % among various mobile-
bearing designs (Fig. 8.5).

Thus, the current evidence remains convinc-
ing that fixed- and mobile-bearing designs afford
the same functional outcomes and survivorship.

8.6 Level of Constraint (Cruciate
Retaining versus Posterior

Stabilized)

The level of constraint in a primary TKA,
whether it is cruciate retaining or posterior sta-
bilized (also described as cruciate sacrificing),
is another frequent concern of young patients
who usually favor preserving as much of their
anatomy as possible and may fear mechanically
imposed limitations to their motion. A meta-
analysis of 130 studies with nearly 10,000
patients with a mean 4-year follow-up of
patients who had both types of constraint mea-
sured outcomes with a global rating scale [12].
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This instrument measured patient outcomes in
the domains of pain, function, and range of
motion and combined them into a summary
scale. Although patients with cruciate-retaining
designs had the highest postoperative global
scores and greatest global score increase from
preoperatively to postoperatively, patients with
posterior-stabilized designs had the highest
percentage of reported good or excellent out-
come (91.7 %), and there was no significant dif-
ference in outcomes between the two designs
(Fig. 8.6).

The 2013 Annual Report of the American
Joint Replacement Registry reported that the
majority (59 %) of TKAs done in the United
States are posterior stabilized, and there has yet
to be proof of inferiority of this design warrant-
ing a practice change. In contrast, the 2014
Annual Report of the Australian Registry
described a slightly higher rate of cumulative
percent revision in their posterior-stabilized
TKAs from 1 to 13 years postoperatively (HR
1.21, p <0.001 at 2+ years postoperatively).
Nonetheless, there remains insufficient evidence
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Fig. 8.4 (a) Comparison of the Kaplan—-Meier cumula-
tive percentage probability estimates of a knee prosthe-
sis first revision for different bearing types at increasing
years after the primary surgery with cemented-only fix-
ation (2014 Annual Report of the National Joint
Registry of England and Wales). (b) Comparison of the

Kaplan—Meier cumulative percentage probability esti-
mates of a knee prosthesis first revision for different
bearing types at increasing years after the primary sur-
gery with uncemented or hybrid fixation (2014 Annual
Report of the National Joint Registry of England and
Wales)
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Fig.8.4 (continued)

to strongly recommend one level of constraint for
young, active patients undergoing TKA.

8.7  Bearing Material

Over the last decade, there has been a trend in
knee arthroplasty—Ilargely inspired by the expe-
rience with osteolysis in total hip arthroplasty
(THA)—that has resulted in decreased utilization
of conventional polyethylene inserts in the United
States (Fig. 8.7).

Currently, nearly half of tibial inserts are
highly cross-linked polyethylene (XLPE),
approximately one-third are conventional poly-
ethylene, 10 % are vitamin E infused, and 11 %
are unknown. Although the improved wear char-
acteristics of XLPE were proven clearly in THA,
it remains a source of debate whether this
improved wear profile translates to show favorable

benefit in the very different biomechanical envi-
ronment of TKA. However, the 2014 Annual
Report of the Australian Joint Registry Report
shows evidence that XLPE in TKA demonstrates
improved performance compared to conventional
polyethylene. Cumulative percent revision and
osteolysis as a reason for revision are lower in the
TKAs with XLPE (Fig. 8.8a, b).

Given these data, it is reasonable to consider
XLPE for use in TKA for young, active patients.

8.8  Patellar Resurfacing

Whether to resurface the patella has been a long-
standing debate in TKA with wide variability in
practice patterns across the world. He et al. per-
formed a meta-analysis of 16 randomized con-
trolled trials from 1966 to 2009 and found that
there was no difference in anterior knee pain rate,
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Fig. 8.6 Patient outcomes by anatomic classification of prostheses. ACL anterior cruciate ligament. PCL posterior
cruciate ligament (Table 3. JAMA, 1994;271(17):1349-57)

knee pain score, American Knee Society score, resurfacing group (p=0.03). The arguments
or function score [13]. The only significant find- against resurfacing are the number of potential
ing was that the reoperation rate was lower in the negative sequelae: loosening, fragmentation,
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Fig.8.8 (a) Cumulative percent revision of primary total
knee replacement by polyethylene bearing surface
(Orthopaedic Association National Joint Replacement
Registry. Annual Report. Adelaide: AOA, 2014). (b)

avascular necrosis, lateral facet pain, stress frac-
ture, acute fracture, late fracture, maltracking,
and restricted motion (Fig. 8.9).

The salvage options when these complications
are encountered are fraught with poor outcomes,
which only become more challenging to manage

Cumulative incidence revision diagnosis of primary total
knee replacement by polyethylene bearing surface
(Orthopaedic Association National Joint Replacement
Registry. Annual Report. Adelaide: AOA, 2014)

when they occur in younger patients who expect
higher function and durability from their
TKA. Thus, in the young patient, it is reasonable
to consider to not resurface the patella. This pro-
vides for a faster procedure, lower expense, and
lower risk of major complications and reserves
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Fig.8.9 Lateral (a) and merchant (b) view x-rays demonstrating a fragmented patella and loose patellar component

resurfacing as a relatively easier salvage option in
the future.

8.9  Medical Adjuncts

The recent increasing utilization of two medical
adjuncts—tranexamic acid and liposomal bupi-
vacaine—in the perioperative care of TKA
patients has resulted in improved pain control
and decreased blood loss. Especially among

young patients, these agents may help facilitate
an accelerated postoperative recovery.
Tranexamic acid (TXA) is an antifibrinolytic
agent that helps reduce blood loss and ultimately
decreases the need for postoperative blood trans-
fusions. A recent study by Whiting et al. has
shown that regardless of preoperative hemoglo-
bin level, use of TXA significantly decreases the
rate of transfusion by up to eightfold for those
with hemoglobin greater than 15 mg/dl and by up
to fourfold for those with hemoglobin greater
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than 11 mg/dl [15]. Consequently, those who did
not have to have a transfusion had a significantly
shorter length of hospital stay (0.51 compared to
0.69 days). TXA can be administered intrave-
nously or topically, and several randomized con-
trolled trials as well as a meta-analysis have
shown that both methods are safe and equally
efficacious [16, 17].

Liposomal bupivacaine (Exparel™, Pacira,
Inc.) is an extended-release local anesthetic that
is administered intraoperatively as a periarticular
injection. It has begun to show promise as an
effective tool for postoperative pain manage-
ment. For some surgeons, this has begun to
replace the routine use of peripheral nerve blocks,
since its use is associated with decreased inci-
dence of falls while providing the same pain
relief and perhaps a decreased length of stay [18].
Moreover, a recent study has shown that some
patients may experience improved pain scores at
rest compared to those with peripheral nerve
blocks and significant reduction in opioid use as
well as reduction in cost of TKA [19].

8.10 Performance: Quality of Life,
Activity Levels, and Return
to Work

In looking at the utility of TKA in younger
patients from a society perspective, there is sub-
stantial economic benefit. A Markov decision
analysis published in 2014 revealed that when
taking into account earned income, lost wages,
and medical costs, the 30-year cost of TKA in a
50-year-old patient afforded nearly a $70,000
cost benefit compared to nonoperative treatment
[20]. Although this is a powerful statistic in sup-
port of the performance of TKA in young
patients, the ability to predict or ensure clinical
success and satisfaction for an individual patient
is much more challenging. Thus, it is critical to
consider the wide variation in reported clinical
outcomes and the patient-specific factors that
may play a role in predicting the postoperative
function and satisfaction for a given patient.

A prospective observational cohort study of
291 patient (331 knees) treated at 25 community

practices revealed that of the 92 % for whom there
was 2-year follow-up, 88 % of patients were satis-
fied, 3 % neutral, and 9 % dissatisfied. Those who
had maximal improvement in physical composite
scores shared several characteristics. They were
treated at institutions performing greater than 50
TKAs per year, had better baseline mental health,
were older patients, had cruciate-sparing devices,
and had worse preoperative function [21].

Nam et al. also reported a 10 % dissatisfaction
rate in their single-institution series with a mini-
mum 1 year of follow-up for 661 patients treated
with cruciate-retaining TKA. Only 66 %
described their knee as feeling “normal,” and
54 % complained of residual symptoms or func-
tional deficits. The factors that were most associ-
ated with poor outcome were low-income status
(»=0.012) and female sex (OR 3.13, 95 % CI
1.5-6.4, P=0.002) [22].

Undoubtedly, a patient’s postoperative satis-
faction is linked to their restoration of function,
quality of life, and ability to return to work or
athletic activities. One of the first age-matched
and gender-matched case—control studies to look
at the restoration of function post-TKA revealed
that there was no difference in function between
sexes and both groups had deterioration of func-
tion with age. While 52 % of TKA patients had
limitations in function compared to 22 % of con-
trols, they had similar function with respect to the
following activities: swimming, golfing, and sta-
tionary biking. However, the control group had
higher functional scores for kneeling, squatting,
moving laterally, cutting, carrying loads, stretch-
ing, leg strengthening, dancing, gardening, and
sexual activity (Fig. 8.10). Only 40 % of
functional deficits post-TKA were attributable to
aging [23].

Although patients post-TKA experience diffi-
culty with biomechanically demanding tasks
compared to controls, some of these limitations
may be more of a reflection of patient perception
versus reality. Schai et al. showed that this was
indeed the case with respect to the task of
kneeling. Although 44 % of patients reported
they could kneel easily, when supervised, 80 %
were observed to kneel easily. And while 14 %
reported being unable to kneel, only 4 % were
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Fig.8.10 Percentage of total knee replacement patients experiencing significant difficulty with various physical activi-
ties compared to age-matched controls (Figure 9. CORR, 2005;431:157-65)

noted to have marked difficulty kneeling. Thus,
patient perceived ability was significantly lower
than their observed ability, and when further
questioned, 39 % of patients who reported diffi-
culty cited that it was grounded in fear of harm-
ing their prosthesis or some other lack of
information about their knee [24].

In counseling a patient preoperatively, it is criti-
cal to understand the activities that are important
to them and those that they do most frequently.
Weiss et al. found that there is a strong correlation
between a patient’s most prevalent and most
important activities [25]. Even when those activi-
ties were more demanding (e.g., high flexion, lat-
eral movement, and cutting), a high percentage of
patients continued to perform the activity post-
TKA even if with limitations (Fig. 8.11).

Improvement in frequency of performance of
an activity is often an expectation of patients
considering TKA. While the majority of patients
are likely to experience an increase in activity
level post-TKA, recent data shows that there may
be patient-specific parameters that attenuate or
negate this effect. Lutzner et al. used an acceler-
ometer to quantify the steps of 97 patients who

underwent TKA. Although their number of steps
per day increased l-year post-TKA, they were
considerably less when compared with age-
matched controls. Further analysis also revealed
that body mass index, sex, and comorbidities
were independent factors associated with level of
activity post-TKA [26]. Consequently, it is espe-
cially important for surgeons to help patients
establish realistic expectations about their level
of activity post-TKA.

Patients who are active preoperatively are
even more likely to need counseling about
post-TKA athletic activity. These patients are
usually most interested in understanding not only
the impact of TKA on their ability to return to
sport but also the sport impact on their TKA. A
systematic review of athletic activity after lower
limb arthroplasty has shown that 54-98 % return
to sport. And those who return tend to have
increased preoperative activity levels, lower age,
male sex, lower BMI, and no other joint pain
[27]. Patients who underwent unicompartmental
knee arthroplasty were more active than those
who underwent TKA. There was also no correla-
tion with activity level and early revision rates;
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Fig.8.11 Percentage of patients who reported limitations doing activities because of their knee replacement (Figure 3.

CORR, 2002;404:172-88)

however, a few studies showed increased wear
with increased activity levels.

For the majority of young patients considering
TKA, the ability to return to work is an essential
component in the final decision-making process
or the timing of TKA. A recent systematic review
of both hip and knee arthroplasty patients ana-
lyzed the outcome for 649 patients who under-
went TKA. Return to work by 3—-6 months was
achieved by 71-83 % of patients by 3—6 months,
and the average time to return to work ranged
from 8 to 12 weeks. The factors that related to
work status after TKA included sociodemo-
graphic, health, and job characteristics [28].

8.11 Case Examples

Case 1: Aseptic Femoral Loosening

An active 56-year-old man was treated with pri-
mary total knee arthroplasty in 2009 for osteoar-
thritis with a varus deformity and flexion

contracture. The implant used was a Zimmer
NexGen Legacy posterior-stabilized (LPS) sys-
tem (Warsaw, Indiana). He did very well for
3 years until he began to develop a progressive
varus deformity and instability with medial knee
pain and recurrent effusions. At his pre-revision
examination, he was noted to have a +2 effusion,
range of motion from full extension to 100" of
flexion, 3+ LCL with a soft end point, and a 1+
MCL with a hard end point. X-rays revealed
pseudo-varus alignment and medial polyethylene
wear (Fig. 8.12).

Intraoperatively, extensive posteromedial
wear of the insert was noted and the femoral
component was noted to be loose. Patient was
revised to a constrained condylar prosthesis. He
was able to return to his active lifestyle.

Case 2: Tibial Post Fracture
An active 58-year-old man with a body mass
index (BMI) of 33 was treated with primary total
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Fig.8.12 AP (a) and lateral (b) knee x-rays demonstrating medial polyethylene wear without obvious evidence of
component loosening. Full-length standing x-ray (¢) demonstrates varus alignment

knee arthroplasty in 2002 for posttraumatic
arthrosis. The implant used was cemented and
posterior stabilized. He did well until 8 years
postoperatively when after performing leg exten-
sions with 90 Ib of weight, he developed pain,
swelling, and instability. Upon evaluation in the
clinic, his knee had a large effusion with range of
motion from a few degrees of hyperextension to
110° of flexion. There was no obvious varus, val-
gus, or flexion instability. His posterior drawer
was +3 with a soft end point. Postoperative x-rays
indicated satisfactory component alignment
(Fig. 8.13).

Intraoperatively, the tibial post was found to
have fractured with evidence of post wear but no
obvious oxidative damage (Fig. 8.14).

Retrieval analysis with scanning electron
microscopy demonstrated that fatigue cracks had
propagated at the post base from both the anterior

and posterior directions and likely led to ultimate
fracture from a single overload event [29]. The
patient was treated with tibial insert exchange.
He maintains an active lifestyle.

Take-Home Points

* TKA should be considered for younger, active
patients with osteoarthritis.

e TKA should only be offered after nonopera-
tive treatments fail.

* Cementless fixation should be considered.

* XLPE and oxidatively stabilized PE should be
considered.

* No differences with mobile-bearing or con-
strained components.

* No resurfacing patella should be considered.

e Critical to set expectations for pain relief,
improvement in function, and durability.
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Fig.8.13 AP (a) and
lateral (b) knee x-rays
demonstrating acceptable
component positioning
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9.1 Introduction
As a result of increasing life expectancies, continu-
ing physical careers, lifestyles into later life, and ris-
ing obesity levels, the number of younger patients
presenting with osteoarthritis (OA) of the knee is
increasing. When conservative management options
have been exhausted, the challenge for the ortho-
paedic surgeon is to offer a procedure that will
relieve symptoms and allow a return to a high level
of function but not compromise future surgery.

Young patients are looking for alternatives that
can give them back their activity without requiring
surgical procedures that are irreversible or may
have complications that can really take them down
a path of multiple surgeries and poor outcomes.

The number of young patients seeking medical
consultation for symptoms relating to osteoarthritis
(OA) of the knee is increasing [1]. This is thought
to be due to a combination of factors [2]. Longer
life expectancy also means that the proportion of
the population continuing physically demanding
careers and sporting lifestyles into their fifth, sixth,
and even seventh decades is increasing [3]. In addi-
tion to these risks, there are rising levels of obesity
and there is clear evidence that the risk of OA is
increased with obesity. Coinciding with the increas-
ing rates of OA are patient expectations that a
return to previous levels of activity should be pos-
sible following injury or trauma.

This chapter discusses two techniques that are
certainly not new concepts but are new and evolving
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developments of older ideas. These techniques do
not change the morphology of the bones as there are
no bone cuts and are known as interpositional and
distraction or unloading arthroplasty. The concept of
preserving the native knee whilst relieving pain and
improving function is potentially appealing to this
population of young athletes, and by using new tech-
nology and better materials, these concepts have
once again become an area of interest for clinicians.

9.2 Interpositional Arthroplasty

Interpositional implants were developed in
order to manage pain and increase function in
a way that preserves bone and delays the need
for a knee replacement. Both biologic and metal
interpositional implant/arthroplasty procedures
are currently available for the treatment of uni-
compartmental OA. In biologic interpositional
arthroplasty, an allograft meniscus is employed
in the transplantation, as was covered in Chap. 3.

Metal interpositional arthroplasty procedures
were first developed in the 1950s by Maclntosh
and McKeever. This procedure was practically
abandoned when joint replacement arthroplasty
with methyl methacrylate was introduced.
However, the concept of a metal interpositional
arthroplasty has recently seen a resurgence with
the development of a prosthetic device marketed
as UniSpacer. The US FDA approved UniSpacer
in 2000 with the purpose of restoring alignment
of the knee and thereby improving pain and func-
tion. A second interpositional device, the iForma,
also came to the market recently through a 510(k)
exemption. As opposed to the mass-produced
“off-the-shelf” UniSpacer, which is only avail-
able in 24 sizes, iForma is custom manufactured,
using MRI scans, to be fitted specifically for an
individual patient. These new devices are thought
to restore alignment and stability by replacing
missing articular and meniscal cartilage with a
metallic implant.

UniSpacer can be thought of as a mobile
McKeever or Maclntosh implant. Instead of
an attempt at fixation to the tibial plateau via a
keel or roughened undersurface, UniSpacer is
designed to translate freely on the tibial plateau

as determined by the conforming articulation
of its top surface with the femoral condyle. The
insertion of the implant does not require any bone
resection or any mechanical fixation to the tibial
plateau for proper function. The iForma implant
is a self-fixating version of a metallic hemiarthro-
plasty as previously described by MacIntosh and
McKeever. By using three-dimensional sizing
software, an individual medial or lateral interpo-
sitional implant is generated based on the MRI
data of the affected knee joint. The generated
device is then implanted using a minimally inva-
sive technique with a 5 cm incision. iForma is
characterized by a highly constraining undersur-
face that exactly mirrors the tibial plateau with
resultant self-fixation on the tibia. The implant’s
individual adaptation to each patient’s respective
surface geometry is thought to provide a func-
tionally stable fit.

Whilst the proponents of these devices had sug-
gested they would provide a simple, joint-preserving
technique to relieve arthritic pain, the actual results
have been somewhat disappointing. The UK
National Institute for Health and Clinical Excellence
(NICE) published a rapid systematic review (level
of evidence 1) investigating the efficacy/effective-
ness of magnetic resonance imaging-designed uni-
compartmental interpositional implants (at present,
the only device investigated has been iForma) to
treat OA of the knee. This systematic review identi-
fied one published study [4] and incorporated two
sets of unpublished data submitted by two orthopae-
dic consultants in the UK. The additional unpub-
lished data from 84 and 60 patients only reported on
the occurrence of revision, which was 5 % and 7 %,
respectively. Based on this rapid systematic review,
NICE issued clinical guidelines [1] in September
2009 stating that current evidence on the safety and
efficacy of individual magnetic resonance imaging-
designed unicompartmental interpositional implant
insertion for knee OA was inadequate in quality and
quantity, and as such, the procedure should be con-
sidered experimental.

In December 2008, the American Academy of
Orthopaedic Surgeons (AAOS) also published a
clinical practice guideline on the treatment of OA
of the knee (nonarthroplasty). With regard to inter-
positional implants, the organization suggested,
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based on the outcome of a study conducted by
Sistoetal. [S] and the Australian Joint Replacement
Registry, that free-floating interpositional devices,
that is, the UniSpacer, should not be used for
patients with symptomatic unicompartmental OA
of the knee. Therefore, this device cannot be rec-
ommended for routine use in knee osteoarthritis.

The third implant in the interpositional arthro-
plasty category is the “NUsurface” implant which
is an artificial polycarbonate-urethane meniscus
device. Computational-experimental approach for
the design of a free-floating polycarbonate-
urethane (PCU) meniscal implant was used in the
original design [6]. Validated 3D finite element
(FE) models of the knee and PCU-based implant
were analysed under physiological loads. Several
models of the implant, some including embedded
reinforcement fibres, were tested. An optimal
implant configuration was then selected based on
the ability to restore pressure distribution in the
knee, manufacturability, and long-term safety.
Investigation using a sheep model showed that the
nondegradable anatomically shaped artificial
meniscal implant, composed of Kevlar-reinforced
polycarbonate-urethane (PCU), could prevent pro-
gressive cartilage degeneration following complete
meniscectomy [7]. Another pilot study examined
the kinematics of a knee implanted with the artifi-
cial polycarbonate-urethane meniscus device. The
static kinematic behaviour of the implant was com-
pared to the natural medial meniscus of the non-
operated knee. A second goal was to evaluate the
motion pattern, the radial displacement, and the
deformation of the meniscal implant. The implant,
indicated for medial meniscus replacement, had no
influence on femoral rollback and tibiofemoral
contact points, thus suggesting that the joint main-
tains its static kinematic properties after implanta-
tion. Radial displacement and meniscal height
were not different, but anteroposterior movement
was slightly different between the implant and the
normal meniscus [8]. The NUsurface meniscal
implant is currently in medical trials to investigate
its effectiveness and safety.

These free-floating devices have many poten-
tial advantages but so far, no clinical study
has confirmed clinical effectiveness and low
-complications. The NUsurface can potentially

address some of the problems experienced with
the metal implants because the polycarbonate
is more forgiving and can shape to the femoral
condyle more readily. Most commonly, there
is articular cartilage wear, so when the interpo-
sitional device is inserted, this loss of cartilage
is accounted for and the alignment of the knee
is theoretically being restored in extension.
However, when the knee is flexed, there is less
wear posteriorly and therefore a smaller gap, but
the thickness of the implant is constant and over-
stuffing can lead to pain in flexion or dislocation.
Hopefully, the forgiveness of the polycarbonate
can overcome this issue. The results of the cur-
rent medical trial will need to be reviewed before
we will know whether this technology will pro-
vide a solution for patients.

9.3  Distraction Arthroplasty
Few options are available for treatment of end-
stage knee OA and none have clearly been shown
to affect the natural history of the condition.
Removal of pain by replacing the destroyed joint
with an endoprosthesis is the currently accepted
treatment option for severe knee OA. Consequently,
the number of total knee prostheses is exponen-
tially increasing in the Western world and causes
major economic burden. Over 40 % of all knee
replacements and up to 44 % of all total knee revi-
sion procedures are performed in patients aged
under 65. Importantly, the procedure has a higher
risk of failure in younger patients. As such, devel-
opment of alternative treatment strategies for
severe knee OA, specifically those that can post-
pone a first prosthesis, is constantly being sought.
Joint distraction is a surgical procedure in
which the two opposing joint surfaces are gradu-
ally separated to a certain extent for a certain
period of time. Initially, joint distraction was
used in the treatment of joint malalignment and
joint contracture. An external fixation frame was
used to actively reposition the joint and to
increase the range of motion. Distraction was
performed to prevent damage (compression) of
the joint cartilage during the forced repositioning.
In some of these patients, OA was present in the
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treated joint and an unexpected clinical improve-
ment of the OA was observed. These clinical
observations led to a proof-of-concept study
examining the benefit of joint distraction, by
treating young patients with severe ankle
OA. Two-thirds of patients treated for 3 months
with joint distraction experienced significant
clinical benefits for a period of up to 10 years.
Based on preliminary radiographic outcome in a
limited number of patients, it was suggested that
joint distraction may lead to tissue structure mod-
ification as well. Distraction therapy might be
perceived as a burdensome treatment for patients
because they experience 2 months of joint stiff-
ness and potential pin tract pain/infection during
the distraction period. Despite these side effects,
the clinical benefit appeared worth the “invest-
ment”, as reported by all patients. Moreover,
alternative surgical interventions such as osteot-
omy may also involve a lengthy recovery and
associated inconvenience.

One of the most impressive and maybe unex-
pected results was that the denuded bone areas
(dABp) were diminished and filled with tissue
that has the same signal intensity as cartilage,
when estimated by MR imaging. This challenges
the dogma that intrinsic cartilage repair is not
possible, although it is difficult to postulate that
this effect is solely due to an increased matrix
synthesis of resident chondrocytes. As such, it is
postulated that resident mesenchymal stem cells
(MSCs) in the joint are important for intra-
articular repair activity. Contribution appears to
consist of metabolic stimulation of existing chon-
drocytes or differentiation in an osteogenic man-
ner into new chondrocytes. Hydrostatic dynamic
pressure (1-10 kPa), as measured intra-articular
during knee and ankle joint distraction when
applied in vitro, can stimulate MSCs in coculture
with cartilage, leading to cartilage matrix
synthesis.

Developing this concept, Ochi et al. described
an articulated distraction arthroplasty device for
the treatment of OA of the knee [9]. The unique-
ness of their device was that it was articulated,
allowing knee flexion. Kajiwara et al. [10]
reported on the success of a similar device in
treating cartilage damage in an animal model. In

this case, distraction arthroplasty was performed
with the patient under lumbar anaesthesia.
Arthroscopy was used to examine the cartilage
surfaces, menisci, and ligaments in all cases.
Bone marrow stimulation was then performed
under arthroscopy. After the external devices
were removed, follow-up arthroscopy revealed
that in all cases, the regions treated with the bone
marrow stimulation procedure were covered with
newly formed tissues. Although one case had a
superficial skin infection around the insertion of
the pin at the tibia, no patient had any major com-
plications such as nerve palsy or deep infection.
Clinical improvements were also seen, with
improved outcome scores, pain, range of motion,
and joint space. Ochi has now developed a
distraction device that uses a magnetic force to
distract the joint more evenly through full
ROM. This device can be used to distract the
lateral compartment but at this stage is just at the
cadaveric analysis stage, and therefore, this
concept is still in development [11].

Distraction arthroplasty has therefore shown
promise in promoting regeneration of the joint
surface, most likely fibrocartilage, in patients
with OA. One significant problem with this tech-
nique is the invasiveness of the distraction device.
However, the pins are extra-articular and when
removed, there is no residual metal in the knee
that may compromise future surgery. This con-
cept is still very much in the development phase,
but the initial promising findings suggest that this
field will continue to develop in the future. In
combination with better biological methods, this
may provide clinicians with techniques to help
restore cartilage in the setting of generalized
osteoarthritis and positively affect the natural his-
tory of the condition.

Along these lines, a new device marketed as the
“KineSpring® Knee Implant System” (Moximed,
Inc, Hayward, CA, USA) is an implantable, extra-
articular, extra-capsular prosthesis intended to
alleviate knee OA-related symptoms by reducing
medial knee compartment loading whilst over-
coming the limitations of traditional joint-unload-
ing therapies. Preclinical and clinical studies
have demonstrated excellent prosthesis durabil-
ity, substantial reductions in medial compartment
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Fig. 9.1 Compohe KineSpring® Knee Implant System
(Moximed, Inc, Hayward, CA, USA). (a) Femoral base,
(b) load absorber spring, (c) tibial base

and total joint loads, and clinically important
improvements in OA-related pain and function.
This system consists of titanium alloy low-con-
tact femoral and tibial bases and a cobalt chrome
alloy absorber that reduces the load carried by the
diseased medial compartment of the knee joint
during the stance phase of gait (Fig. 9.1). The
low-contact femoral and tibial bases are affixed
to the bone with compression and locking screws.
The bases are designed with three undersurface
stand-offs that allow the bases to contact the bone
at discrete locations without requiring elevation
or removal of the periosteum. The load absorber
resides in the subcutaneous tissue on the medial
aspect of the knee and is positioned superficial
to the medial collateral ligament [12]. This sin-
gle-spring absorber is designed to compress and
absorb up to 29 1b of joint load during knee exten-
sion and to lengthen and become passive during
knee flexion (Fig. 9.2).

Fig. 9.2 Schematic drawing of the KineSpring® Knee
Implant System (Moximed, Inc, Hayward, CA, USA) in
relation to key anatomical structures

Concerns with this device include the durabil-
ity and effectiveness of the spring mechanism and
the potential for soft tissue irritation. The device is
still in the clinical trial phase, but the initial clini-
cal experience seems promising. Composite data
from three clinical trials [13-15] in 99 patients
with 17 months mean follow-up suggest excellent
safety and effectiveness. All devices were success-
fully implanted and activated with no intraopera-
tive complications. Statistically significant mean
improvements of 56, 50, and 38 % were observed
for Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) Pain, Function,
and Stiffness scores, respectively (all P<0.001).
WOMAUC clinical success rates were 77.8 % for
pain, 77.8 % for function, and 68.7 % for stiffness.
The worldwide experience with the current gener-
ation KineSpring System has yielded favourable
safety and durability outcomes with only 12 (8 %)
patients undergoing device removal during follow-
up for soft tissue impingement [6], return of OA
symptoms [4], or deep infection [2]. Only one
patient in this cohort was converted to arthroplasty
after removal of the KineSpring device. Typical
pretreatment and follow-up radiographs from this
worldwide experience are shown in Fig. 9.3.

This type of device certainly appears to show
promise and merits further investigation. Two
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Fig.9.3 (a) Preoperative
anteroposterior radiograph
showing pronounced
osteoarthritis of the medial
compartment. (b) The
KineSpring® Knee
Implant System
(Moximed, Inc, Hayward,
CA, USA) at

2 years post-implant

clinical trials are currently underway to further eval-
uate the safety and effectiveness of the KineSpring
System. The GOAL study (NCT01610505) 25 is a
prospective, nonrandomized, controlled postmarket
study comparing outcomes of 225 patients treated
with the KineSpring System or high tibial valgus
osteotomy. The first patient was enrolled in June
2012 and enrolment is expected to continue through
2013. A single-arm FDA-approved Investigational
Device Exemption study ([SOAR] NCT01738165)
[16] with 30 patients began enrolment in December
2012. Patient enrolment is anticipated to continue
through mid-2013; the primary outcome will be
evaluated at 2 years, and patients will be followed
for 5 years post-treatment. The results of these clini-
cal trials should help in deciding on the effective-
ness and safety of these devices and in defining the
appropriate indications.

9.4 Summary

Management of OA in the young active patient
presents a significant challenge for the clinician
who is trying to find appropriate options for
patients who want to be active and not compro-
mise their lifestyle, but avoid more invasive
procedures such as arthroplasty. Procedures that

are less invasive such as interposition arthro-
plasty and distraction or unloading arthroplasty
potentially provide these less invasive options for
patients that may not only improve symptoms but
also positively affect the natural history of their
condition.

Many of these devices, despite apparently
well-considered designs, have ultimately had
high failure rates when applied clinically. For this
reason, any new technology needs to undergo
appropriate scientific testing and clinical trials
before introduction to the general community.
The results of current clinical trials underway for
devices discussed in this chapter will be awaited
with interest. If early promising results translate
to good results in clinical trials, then these devices
may provide a useful addition to treatment
options for these patients. Given the scope of this
problem, it is inevitable that new technologies
will continue to emerge with every year.
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Conclusions

David A. Parker

Osteoarthritis of the knee joint encompasses a
spectrum of pathology ranging from early chon-
dral damage and degenerative meniscal pathology
to more advanced well-established ‘“bone-on-
bone” disease. Deciding on the management of
elderly patients with osteoarthritis is a relatively
straightforward process, given that joint replace-
ment will usually successfully address advanced
disease and meet these patients’ expectations.
However, younger patients with osteoarthritis
have different activity profiles and expectations,
and increasingly commonly, physicians are faced
with relatively young patients who are affected by
painful joints resulting from articular cartilage
pathology, ranging from early wear to well-estab-
lished osteoarthritis. These patients are typically
active and wishing to remain active in sports,
work, and family life, and are less accepting of the
restrictions placed on them by osteoarthritis. In
the absence of a cure for osteoarthritis, it is vitally
important that the treating physician has a com-
prehensive knowledge of the options for managing
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10

these patients and allowing them to continue an
active lifestyle.

There are many options for management of
osteoarthritis in these patients, and in modern
society, there are many treatments promoted,
through either popular media or direct promotion
to patients and clinicians. Given the common
nature of the problem, there are obviously strong
market forces driving this promotion since any
treatment that becomes popular will generate
huge ongoing income for the provider. It can be
difficult for patients, and even sometimes for cli-
nicians, to sort through the literature and other
promotional material to decide which treatments
actually have scientific merit from an appropriate
evidence base. Clearly, physicians can only pro-
vide patients with optimal management if they
have an up-to-date knowledge of the available
treatment options, the evidence base available for
each, and the appropriate timing and indications
for each treatment. The purpose of this book has
been to create a resource that provides physicians
with a practical guide to managing these patients
in a comprehensive evidence-based manner.

The chapters of this book have covered the
pathogenesis and natural history of osteoarthri-
tis, as well as the nonoperative and operative
approaches to the condition. Osteoarthritis is a
condition that has been widely studied in recent
times, with an improved understanding of its
aetiology and progression. As discussed in the
first chapter, despite this greater understanding,
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there are still many areas that are yet to be clearly
defined, which will therefore be the subject of
ongoing study. Osteoarthritis is clearly not sim-
ply loss of articular cartilage, but a disease that
affects the joint globally, with wide variation in
the clinical response between patients. There
are definite factors associated with its develop-
ment, including a history of injury, family his-
tory, and obesity, but the specific “recipe” that
defines and predicts the risk profile for the devel-
opment and progression of osteoarthritis for
each individual is still something being defined.
At this stage, it should, however, be possible for
clinicians to counsel patients regarding the aeti-
ology of their osteoarthritis, the severity of their
disease, the risk and rate of likely progression,
and the modifiable risk factors that they may be
able to address. This fundamental understanding
of the condition by the clinician, and imparted to
the patient, is critical in the successful manage-
ment of each patient.

Nonsurgical management of osteoarthritis
should in most cases be the first option discussed
with patients, with surgery usually reserved for
those patients for whom nonsurgical manage-
ment has not been able to satisfactorily manage
their condition. Even in patients for whom sur-
gery has been elected, appropriate ongoing non-
surgical management usually remains an
important supplement to their treatment. It is
often difficult for the physician to advise patients
on nonsurgical management, as patients will
often feel that they need to have “something
done” to address their problem and will perceive
a recommendation for nonsurgical management
as an indication that nothing actually can be
done. This is probably a reflection of the com-
mon approach to nonoperative management,
often involving suggestions of various options for
patients to self-manage, which can lead to confu-
sion for the patient and a subsequent inefficient
application of the treatments. The chapter on
nonsurgical management of OA has comprehen-
sively reviewed the many options available for
treatment, which is a list that will continue to rap-
idly evolve as more options arise with consider-
able regularity. Understanding the evidence base
and indications for these options is important, but

equally important is the effective application of
these options for each patient.

The concept of a coordinated multidisciplinary
approach to nonsurgical management is one that
has met with success in many centres and should
certainly improve the effectiveness of nonsurgical
treatment. In such a programme, a central coor-
dinator assesses each patient’s condition, decides
which treatment modalities are likely to be most
effective, and then coordinates the various treat-
ments for the patients. This ensures the necessary
understanding and compliance for each patient,
and subsequent follow-up and review with the
initial coordinator allow positive feedback for
the patient and modification of the programme as
necessary. With time, the patient’s understanding
increases, and they become more adept at self-
management. In this way, the nonsurgical man-
agement of OA becomes a more proactive and
defined process, which each patient can clearly
understand and appreciate the benefits of. In the
future, these multidisciplinary clinics should
become the norm for nonsurgical management
and, with increasing experience, should be able
to become better defined, better managed, and
ultimately more effective.

Surgical management in OA is usually
reserved for patients for whom nonsurgical man-
agement has become ineffective or is judged
unlikely to be of any significant benefit. There are
a spectrum of surgical options that have been
used in the management of OA, and with time
and experience, it has become possible to more
clearly define the effectiveness of each treatment
and better refine the indications for each patient.
This increased understanding has led to changes
in practice in recent times, for example, in the use
of arthroscopic debridement in the management
of OA. With the advent of arthroscopic surgery,
debridement of arthritic knees and associated
pathology such as degenerative meniscal tears
became routine practice. However, over the last
decade, several studies, as well as general clinical
experience, have demonstrated that this proce-
dure has little, if any, benefit and, as a result,
should rarely be performed. There are certain
instances for which arthroscopic surgery in the
presence of arthritis may be appropriate, and
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these have been outlined clearly in the fourth
chapter of this text.

One area for which surgery is appropriate is in
preservation of the meniscus. The third chapter
of this text has clearly outlined the function of the
meniscus and its importance in prevention of
osteoarthritis. Therefore, whilst debridement of
meniscal tears has been the more common proce-
dure, and should likely decrease in frequency
with a more evidence-based approach, expertise
in meniscal repair is a particularly important skill
for every orthopaedic surgeon to possess.
Successfully repairing a meniscus will have a
major impact on the prognosis for subsequent
development of arthritis, particularly in the
younger, active patient. Surgeons should possess
the knowledge to identify those meniscal tears
which have the potential to heal, the skills neces-
sary to achieve a stable repair, and the ability to
advise patients on the appropriate rehabilitation
to optimise the success of this surgery.

Focal loss of articular cartilage, either through
injury or unexplained causes, remains a difficult
challenge for the orthopaedic surgeon. Despite
many years of research and clinical trials, and
many worthwhile attempts at developing new
products, there is still no reliable method to
restore normal hyaline cartilage. Given that the
first, seemingly promising, results of autologous
chondrocyte implantation were reported nearly
30 years ago, it is somewhat disheartening that
outcomes of current methods remain suboptimal
and arguably not significantly superior to what
was achieved 30 years ago. This therefore
remains an area of ongoing study, and in plan-
ning any interventions intending to restore a car-
tilage surface, clinicians need to understand the
pathology they are treating and its natural history,
as well the risks, benefits, and likely outcomes of
the treatment. Distinguishing between true focal
lesions and early osteoarthritis is clearly critical
when predicting natural history and the likely
response to treatment. Introduction of any new
technology needs to be done in a responsible,
careful manner, with appropriate clinical trials
prior to release to the general orthopaedic com-
munity. Chapter 5 has systematically reviewed
the available options for management of this

problem, and this is clearly an area of orthopae-
dics that will continue to evolve, hopefully ulti-
mately leading to a practical, easy-to-deliver
solution for restoring a normal articular cartilage
surface to these patients.

Osteotomy around the knee for osteoarthritis
is a well-established procedure, predating joint
replacement. Since the advent and increased pop-
ularity of joint replacement, osteotomy has been
less commonly performed but remains a valuable
option to consider for younger patients with well-
localised, unicompartmental osteoarthritis. It
offers the benefits of decreased pain and improved
function, whilst not committing to the potential
downside of arthroplasty in these patients.
Osteotomy has also been shown to result in some
cartilage recovery in diseased compartments,
thereby having a positive effect on the natural
history of osteoarthritis. The best results in oste-
otomy for osteoarthritis are in patients who have
well-localised disease, correspondingly localised
symptoms, and a joint that is not compromised
by significant stiffness. Intervention prior to the
more advanced stages of the disease is therefore
preferable and will most likely yield better out-
comes, but this needs to be balanced against the
inconvenience of the procedure for the patient,
particularly when they are not markedly symp-
tomatic. Osteotomy is also an important supple-
ment to procedures that may be used to restore
chondral surfaces, in cases where this is associ-
ated with malalignment. When used for the
appropriate indications, osteotomy is a procedure
that can achieve excellent outcomes in the man-
agement of osteoarthritis, particularly in the
younger patient group, and should be a procedure
that all clinicians managing these patients are
familiar with. Chapter 6 of this text has compre-
hensively addressed the various options for clini-
cians in the area of osteotomy.

Joint replacement comes in many forms, from
focal resurfacing techniques to partial or total
knee replacement. The common feature to all,
however, is that the patient is committed to a
prosthetic joint for the remainder of their life,
with the accompanying potential limitations.
Electing to perform a joint replacement is
therefore a decision that should be made after
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considering and usually exhausting all other
options, particularly in younger patients. What
constitutes a “younger” patient is clearly some-
what arbitrary, but anyone under the age of 65
should be considered to have a reasonable chance
of outliving their prosthesis and therefore not
requiring revision surgery. In addition, there is a
significant chance that younger patients, with higher
expectations, may not find these expectations met
by joint replacement in the same way that older
patients with more modest expectations may.
Whilst it should therefore always be considered a
last resort for these patients, joint replacement
does, however, offer a solution for those patients
who have developed advanced arthritic change
and for whom all alternative options have been
trialled and subsequently found to be no longer
effective. Performed in the right patient, with
appropriate expectations, joint replacement can
achieve excellent outcomes that should be sus-
tained over long-term follow-up. Counselling
patients about the limitations of joint replace-
ment, and the appropriate level of activity they
should expect postoperatively, is obviously criti-
cal in the management of these patients. Chapters
7 and 8 of this text have covered the role of joint
replacement for these younger, active patients in
detail and have provided clear guidelines about
the appropriate application of these procedures.
So what does the future hold for the manage-
ment of these patients? Clearly, there will always
be new technologies being developed to try and
address the growing problem, as enthusiasm
from clinicians to better manage disease and the

desire from industry to develop successful prod-
ucts continue to drive innovation. Chapter 9 of
this text has covered some of the newer tech-
niques being developed, but as with most new
developments, they remain a work in progress
and need to be carefully studied and evaluated
as to their effectiveness before general appli-
cation. Innovation needs to be supported and
encouraged but with the appropriate balance of
quality control and responsible introduction of
new technology. Clearly, the ideal future lies in
the prevention of osteoarthritis development in
these patients, and there is certainly a great deal
of investment currently aimed towards this goal,
but it is safe to assume that this is a goal that is
unlikely to be successfully achieved within most
of our lifetimes.

Successful, effective management of osteoar-
thritis will therefore remain a major part of clini-
cians’ practice in the years to come and requires
an in-depth knowledge of both nonoperative and
operative options for each patient, as outlined in
this text. The necessary expertise to apply each
treatment option in a coordinated, appropriately
timed manner should be the domain of each clini-
cian managing these patients. As the evidence
base for these treatments grows, and clinicians
base their management on this evidence, the
overall management of these patients should
improve. Ultimately, the goal should be to use
this expertise to inform patients, as well as treat
them effectively, with the result of a sustained
improvement in the quality of life with minimal
compromise from osteoarthritis.
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