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Chapter 1

Introduction
Joost Dekker

Osteoarthritis (OA) is the major cause of pain and activity limitations among the
elderly [1]. Recent research has shown that behavioral factors, neuromuscular
factors, and medical factors predict pain and activity limitations in OA. Examples
include lack of physical activity, muscle weakness, and comorbidity, respectively.
Exercise therapy is among the dominant interventions in OA. Exercise therapy
has been shown to effectively reduce pain and activity limitations in OA. Recently,
innovative exercise interventions have been developed. These innovative
approaches toward exercise target neuromuscular and behavioral factors and are
tailored to the patient’s medical condition.
Research in this field has been published as separate empirical papers, with
limited background information. This field is in need of an integrative contextual
review, summarizing the separate papers and putting the empirical research into
theoretical perspective. The objectives of this book on OA of the knee or hip are:
1. To summarize knowledge on the epidemiology, pathogenesis, clinical aspects,
and therapeutic options.
2. To review recent research on behavioral and neuromuscular factors in functional
decline, with a special emphasis on explanatory mechanisms.
3. To review innovative approaches toward exercise therapy, derived from research
on behavioral, neuromuscular, and medical factors.
The remainder of this chapter provides a short introduction to these issues.
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Osteoarthritis of the Knee or Hip
Osteoarthritis (OA) is a major public health issue. In a study in the USA, the
prevalence of symptomatic OA of the knee or hip was estimated as 16.7 % and
9.2 %, respectively [2]. In the European region OA is among the ten most disabling
conditions [1]. Because of the aging population and because of the increasing
prevalence of overweight, a dramatic increase in the prevalence of OA and its
related pain and activity limitations is expected [3]. OA frequently affects the knee
and the hip; other joints, such as the hand, are also frequently involved. The first
objective of this book is to summarize knowledge on epidemiology, pathogenesis,
clinical aspects, and therapeutic options in OA of the knee or hip.

Functional Decline in Osteoarthritis of the Knee or Hip
Pain is a major symptom of OA. Subjects with OA of the knee or hip experience
a continuous pain: they describe this as dull or aching pain. This is interspersed
with short episodes of unpredictable and intense pain [4]. Other impairments
and symptoms observed in subjects with OA include muscle weakness, stiffness, reduced range of motion of the joints, and instability or buckling of the
knee joint.
OA related impairments and symptoms cause activity limitations such as
limitations in walking, climbing stairs, sitting down, rising up, bending down,
and lifting. Activity limitations may translate into restrictions in social participation; examples of restrictions in participation include problems with housekeeping,
shopping, travelling, sports, and work.
Activity limitations develop more progressively in subjects with OA than in
subjects without OA; subjects who have osteoarthritis at middle age are more likely
to develop persistent activity limitations such as difficulty with mobility or ADL
function in the next 10 years [5]. However, functional decline is a slow process; at
group level, worsening of pain and activity limitations becomes evident only after
3 or more years of follow-up [6].
The course of activity limitations in OA of the knee or hip is highly individual and
variable: functioning has been found to improve in some patients, to remain stable in
others, and to gradually worsen in still others [7, 8]. Because of this variability,
identification of risk factors for functional decline is of utmost importance. Knowledge on risk factors can be used to inform patients on the likely course of their
condition. Knowledge on risk factors also contributes to the understanding of
mechanisms and processes, which cause functional decline. A better understanding
of these mechanisms and processes contributes to the development of therapeutic
and preventive interventions, aiming at recovery of functioning or prevention of
functional decline, respectively.
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Risk Factors and Explanatory Mechanisms
A wide range of risk factors for functional decline has been identified: risk factors
range from comorbid conditions such as diabetes and cardiovascular conditions,
impairments such as pain and muscle weakness, to behavioral factors such as lack
of physical activity, and psychological factors such as anxiety and depression [7].
A risk factor provides information on the prognosis: subjects with a highrisk profile are likely to show functional decline. In itself, a risk factor does not
explain how functional decline comes about; a risk factor predicts but does
not explain functional decline. On the other hand, the risk factor can be integrated
into an explanatory model or theory on functional decline; in that case, knowledge
on the risk factor does contribute to our understanding of the mechanism of
functional decline.

Avoidance of Activity
Avoidance of activity is an explanation for functional decline in OA of the knee,
and possibly also OA of the hip. According to this explanation, pain may cause
subjects to avoid activity. In OA, pain is frequently related to activities such as
walking; avoidance of these activities reduces pain. In the short term, this is
beneficial; avoidance of activity causes less pain. In the long term, however,
avoidance of activity is contributing to the development of activity limitations.
Physical activity and exercise are required to maintain muscles strength. Avoidance
of activity causes muscle weakness and muscle weakness is one of the most
important causes of activity limitations. In summary, avoidance of pain-related
activity is hypothesized to cause muscle weakness, and thereby activity limitations.
This theory is illustrated in Fig. 1.1.
Psychological distress, such as an anxious and depressive mood, is a risk factor
for activity limitations in OA. Psychological distress is thought to enhance the
tendency to avoid activity, resulting in muscle weakness and activity limitations
(see Fig. 1.1). Thus, avoidance of activity is hypothesized to explain how psychological distress affects activity limitations.

Neuromuscular Factors
Muscle weakness is a crucial factor in the behavioral explanation of functional
decline in OA. Muscle weakness is thought to have a direct impact on the activity
limitations; muscle strength is required for the adequate performance of activities.
Muscle weakness may also have an indirect impact on the performance of activities
via instability of the knee joint. Strong muscles contribute to the ability of the knee
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Fig. 1.1 Behavioral explanation of activity limitations: avoidance of activity

joint to maintain a position or to control movements under differing external loads.
Muscle weakness is thought to cause instability of the knee, and thereby limitations
in activity.
Other neuromuscular factors are involved in stabilizing the knee as well. This
applies in particular to proprioception—the sense of joint motion and position.
Good proprioceptive acuity is required for the performance of activities, in addition
to muscle strength. Conversely, poor proprioception is hypothesized to strengthen
the impact of muscle weakness on activity limitations: decreased proprioceptive
acuity aggravates the impact of muscle weakness on activity limitations. This is
illustrated in Fig. 1.2.
Laxity of the knee joint refers to the passive range of motion in the frontal plane.
Laxity is hypothesized to cause instability of the knee, and thereby activity
limitations. In a lax knee, stability can be achieved by more muscle strength;
stronger muscles may compensate laxity. Conversely, laxity may aggravate the
impact of muscle weakness on activity limitations; muscle weakness in combination
with laxity has an even stronger impact on activity limitations. The combined impact
of laxity and muscle weakness on activity limitations is illustrated in Fig. 1.2.
Knee varus–valgus motion is the movement of the knee in the frontal plane
during walking. High varus–valgus motion is hypothesized to contribute to instability of the knee. Muscle strength may compensate varus–valgus motion. This
implies that patients with high varus–valgus motion need more muscle strength to
perform activities. Conversely, high varus–valgus motion is hypothesized to aggravate the impact of muscle weakness on activity limitations as illustrated in Fig. 1.2.

1 Introduction
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Fig. 1.2 Neuromuscular factors and activity limitations

Integrated Explanatory Model
Muscle weakness is a pivotal factor in both the behavioral explanation and the
neuromuscular explanation of activity limitations in OA. These explanatory models
can be integrated into a single model with muscle weakness as the common factor.
This is illustrated in Fig. 1.3. This integrated model shows that pain and psychological distress induce avoidance of activity; avoidance of activity causes muscle
weakness; muscle weakness has a direct impact on activity limitations; and muscle
weakness also interacts with poor proprioception, laxity, and varus-valgus motion,
causing instability of the knee joint and activity limitations.
Research on these explanations of functional decline in OA has been published
as separate papers; the evidence is scattered and an integrative review is missing.
The second objective of this book is therefore to review recent research on behavioral and neuromuscular factors in functional decline in OA of the knee or hip with
a special emphasis on explanatory mechanisms.

Exercise Therapy
Exercise therapy is among the principal interventions in OA of the knee or hip.
Systematic reviews have documented that exercise therapy is effective in reducing
pain and activity limitations in OA of the knee, and most likely also OA of the hip.
All major therapeutic guidelines on OA advise to refer patients for exercise therapy.

6
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Fig. 1.3 Integrated behavioral and neuromuscular explanation of activity limitations in
osteoarthritis

There is a need to further develop exercise therapy. Although clearly effective,
the impact of exercise therapy on pain and activity limitations is moderate. Further
development of exercise therapy is expected to result in improved outcome. The
need for further development of exercise therapy is reinforced by the limitations of
other therapeutic interventions in OA. Most pharmacological approaches may
suffer from harmful side effects. Surgical interventions are preferably applied in
the later stages of the disease, as the survival of orthopedic devices is frequently
limited. Against this background, the contribution of exercise therapy and need for
further development in this area is obvious.
The previously discussed explanatory models provide important insights for
the further development of exercise therapy. The behavioral and neuromuscular models describe specific causes of functional decline in OA. Innovative
approaches toward exercise therapy have been developed, targeting these causes
of functional decline.

1 Introduction
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Targeted Exercise Therapy: Physical Activity
The behavioral explanation of activity limitations in OA is based on avoidance of
activity; avoidance of activity causes muscle weakness and thereby activity
limitations. This suggests that combining exercise therapy with gradually increasing the level of physical activity physical activity will result in less activity
limitations. Regular exercise therapy consists of exercises aimed at muscle
strengthening, improving range of joint motion, and improving aerobic capacity,
and functional exercises aimed at improving activities of daily life such as walking.
Combining the gradual increase of physical activity with the more traditional
modalities of exercise therapy counteracts the effects of avoidance of activity and
will result in a better outcome of exercise therapy.

Targeted Exercise Therapy: Stabilization of the Knee
Improving muscle strength is one of the traditional goals of regular exercise
therapy; improved muscle strength results in less activity limitations. The neuromuscular model of activity limitations in OA suggests that other factors such as
poor proprioception and laxity need to be addressed as well. The combination of
muscle weakness and poor proprioception or laxity are hypothesized to cause
instability of the knee, and thereby activity limitations. This suggests that exercise
modalities aimed at improving proprioception and reducing the consequences of
laxity need to be incorporated into the more traditional modalities such as muscle
strengthening exercise.

Tailored Exercise Therapy: Comorbidity and Overweight
OA is one of the diseases with the highest rate of comorbidity. Comorbidity is
defined as any distinct additional clinical entity that has existed or that may occur
during the clinical course of a patient who has the index disease (i.e., osteoarthritis)
under study [9]. Common comorbidities in OA include coronary diseases, heart
failure, hypertension, diabetes, obesity, chronic obstructive pulmonary disease,
COPD, chronic pain, depression, and visual and hearing impairments. Comorbidity
in OA is associated with more limitations in activities, more pain, and a poor
functional prognosis [10, 11].
Comorbidity is associated with the risk of serious adverse events during exercise, e.g., cardiac decompensation. Exercise therapy may need to be adapted in
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order to avoid these adverse events. In other cases, exercise therapy may need to be
adapted in order to optimize efficacy. For example, in the presence of depression or
chronic pain, adaptations to exercise therapy are required in order to optimize
outcome. Comorbidities may necessitate several adaptations of exercise, which
sometimes are even contradictory. The inherent variation and complexity of
comorbidities makes clinical reasoning and tailoring of exercise an absolute
requirement.
The third objective of this book is to review innovative approaches toward
exercise therapy, derived from research on behavioral, neuromuscular, and medical
factors in functional decline in OA of the knee or hip.

Overview
Part I is a clinical overview of osteoarthritis of the hip or knee. Our knowledge on
epidemiology, pathogenesis, and clinical aspects of OA of the knee or hip is
summarized in Chap. 2. Chapter 3 summarizes therapeutic options in OA of the
knee or hip.
Part II concerns functional decline in OA of the knee or hip. Risk factors for
functional decline are summarized in Chap. 4. Two major explanatory models
explaining functional decline are reviewed in the next chapters; neuromuscular
mechanisms in Chap. 5 and behavioral mechanisms in Chap. 6.
Part III concerns exercise as a therapeutic approach in OA of the knee and hip.
Regular exercise therapy is reviewed in Chap. 7, while exercise aiming at neuromuscular mechanisms and behavioral mechanisms is reviewed in Chaps. 8 and 9,
respectively. Chapter 10 addresses comorbidity and overweight in OA, and
adaptations of exercise therapy required because of comorbidity and overweight.
Chapter 11 concerns concluding remarks.

Terminology
This book relies on the terminology introduced in WHO’s International Classification of Functioning (ICF) to describe OA-related disability [12]. The term
impairment refers to problems in physiological functions of body systems (e.g.,
muscle weakness) or anatomical body structures. The term activity limitation
refers to difficulties an individual may have in executing tasks or actions (e.g.,
walking). The term participation restriction refers to problems an individual
may experience in involvement in life situations (e.g., a job). The term functioning
refers to all body functions, activities, and participation, while disability is similarly
an umbrella term for impairments, activity limitations, and participation
restrictions. Research on OA-related disability is characterized by a sometimes
bewildering lack of standardization of terminology, leading to scientific confusion.

1 Introduction

9

Adoption of the internationally accepted ICF-terminology is essential to facilitate
scientific communication, in research on OA-related disability, as well as research
in other fields.
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Part I

Osteoarthritis of the Knee or Hip

Chapter 2

Epidemiology, Pathogenesis, and Clinical
Aspects of Knee and Hip Osteoarthritis
Diana C. Sanchez-Ramirez, Joost Dekker, and Willem F. Lems

Osteoarthritis (OA) is considered the most common form of arthritis affecting
synovial joints [1]. OA is associated with pain and activity limitations [2]. Its
overall prevalence is roughly estimated at 151.4 million people worldwide. OA is
counted globally as the sixth primary cause of moderate-to-severe disability and the
eighth cause of disease burden in the European region [3]. As a consequence, this
disease has become not only an important healthcare challenge but also a major
public health and socioeconomic concern [4, 5].

Epidemiology
Prevalence. The prevalence of knee (Fig. 2.1) and hip (Fig. 2.2) OA varies
according to the criteria used to define the diagnosis and the characteristics of the
population studied. For research purposes, OA can be defined pathologically,
radiographically, or clinically [6]. The last two classifications are the most commonly used.
Radiological OA refers to the morphological or structural changes within
the joint visible on X-rays. Those changes are usually defined using the Kellgren–
Lawrence scale (K&L) [8], which is the most widely used radiological classification.
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Fig. 2.1 Prevalence of osteoarthritis of the knee, by age, sex, and region, 2000. A Regions ¼
developed countries in North America, Western Europe, Japan, Australia, and New Zealand.
AMRO BD ¼ developing countries in the Americas. EURO BC ¼ developing countries in
Europe. EMRO ¼ countries in the Eastern Mediterranean and North African regions. SEARO ¼
countries in Southeast Asia. WPRO B ¼ countries in the Western Pacific region. AFRO ¼
countries in sub-Saharan Africa [7]

Fig. 2.2 Prevalence of osteoarthritis of the hip, by age, sex, and region, 2000. Source: Symmons
et al. [7]. Available at: http://www.who.int/healthinfo/statistics/bod_osteoarthritis.pdf

On this scale, the presence and severity of OA is defined according to intra-articular
changes such as osteophyte formation (bony projections along joint margins),
periarticular ossicles (small bones surrounding the joint surface), thinning of the
joint cartilage with narrowing of the intra-articular joint space, and formation of
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Table 2.1 Kellgren–Lawrence Grading Scale
Grade 0
Grade 1
Grade 2
Grade 3

No radiographic findings of OA
Doubtful narrowing of joint space and possible osteophytic lipping
Definite osteophytes and possible narrowing of joint space
Moderate multiple osteophytes, definite narrowing of joints space and some
sclerosis and possible deformity of bone end
Grade 4
Large osteophytes, marked narrowing of joint space, sever sclerosis
deformity of bone end
Source: Kellgren JH, JeffreyMR, Ball J. The epidemiology of chronic rheumatism. Atlas of
standard radiographs of arthritis. Oxford, UK: Blackwell Scientific Publications, 1963:vii–11

pseudocystic areas (dilated spaces resembling cysts) with sclerotic (thick) walls.
These features are used to define a scale of 5 (0, normal to 4, severe) [9] (Table 2.1;
Fig. 2.3). Some disadvantages associated with the K&L classification include the
high probability of interobserver variation, low sensibility to changes of the scale
and the difficulty to detect the disease in an early stage.
In people older than 80 years, 53 % of women and 33 % of men had radiographic
osteoarthritis of the knee, defined as the K&L grade 2 [10]. Prevalence of radiographic hip OA was estimated as 27 % among adults aged 45 years [8]. Other
studies have reported slight variations of these prevalences [8, 11].
Symptomatic OA is considered if in addition to the presence of radiographic
changes, the person suffers from joint pain, aching or stiffness [6]. Data from the
Johnston county, osteoarthritis project showed prevalence of symptomatic OA of
16.7 % in the knee [12] and 9.2 % in the hip among adults aged 45 years [8]. Some
variations of symptomatic knee OA prevalence were reported in other American
studies [8, 11].
Currently, it is estimated that the prevalence of OA will continue rising worldwide mainly due to the increase in life expectancy and the prevalence of obesity
within the population [6, 13].
Incidence. Oliveria et al. [14] calculated the age- and sex-standardized incidence
rate for knee OA as 240/100,000 person-years and for hip OA as 88/100,000
person-years. The annual incidence of symptomatic and radiographic knee OA
were estimated to increase by 1 % and 2 %, respectively [15].
Progression of Radiographic OA, Symptoms and Activity Limitations. Progression
of radiographic OA is generally low, estimated at 4 % per year [15]. Progression
is found in the majority of hip and knee OA cases and can be associated with
worsening of the symptoms [16]. In osteoarthritic hips, a study documented a slight
radiographic progression (K&L grade) compared with high increase on pain
scores [17]. On the other hand, after 5 years follow-up, 54 % of individuals with
knee pain showed signs of radiographic OA, using knee images and digital analysis of
separate quantitative features (i.e., osteophytes and joint space) [18]. These studies
demonstrate that the progression of radiological OA and symptoms are not necessarily
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Fig. 2.3 Kellgren–Lawrence Grading Scale. Source: Kellgren and Lawrence. Ann. Rheum. Dis.
(1957), 16,494

correlated. Interestingly, some authors have reported an improvement in K&L scores
and an improvement of symptoms in knee OA patients [19, 20].
Pain and activity limitations in hip or knee OA seem to progress slowly over
time, with significant changes being observed after 3 years of follow-up [21]. Holla
et al. [22] observed that 48.7 % and 49.7 % of the participants with early knee and
hip OA symptoms were classified as experiencing poor outcome on activity
limitations after 2 years. Moreover, older age, varus knee alignment, presence of
the disease in more than one joint, and presence of radiographic features were
detected as predictors of knee OA progression [23].
Knee and hip osteoarthritis have been associated with reduced survival rates [16].
A higher mortality ratio of 1.55 was established in OA patients compared to the general
population [24]. Studies have suggested that this phenomenon may result from
the combination of several factors such as obesity, a low grade of systemic inflammation, prolonged use of NSAID medicines, and/or lack of physical activity [25].
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In general, radiographic and clinical osteoarthritis progress over time [26].
However, there are some cases in which the disease might remain stable or even
show some improvements [17, 19, 20]. Unfortunately, the mechanisms underlying
disease progression are poorly understood. Therefore, further studies are needed in
order to better understand the course of the disease.

Pathogenesis
The pathogenesis of OA has long been mainly related to changes initiated in the
articular cartilage. However, recent evidence has suggested the participation of
subchondral bone and synovial membrane within the disease’s development and
progression [10] as illustrated in Fig. 2.4.
The articular cartilage has a unique matrix structure rich in collagen and
proteoglycans. This allows cartilage to absorb stress forces, to deform under
mechanical load, and to provide a smooth load-bearing surface facilitating the
joint’s movement [27]. Genetic, biomechanical and biochemical factors may alter
the normal functioning of chondrocyte cells promoting a disruption of the equilibrium between the continual formation and breakdown of the cartilaginous matrix,
and leading to a failure of the homeostatic balance maintenance [28–30]. As a
consequence, the cartilage becomes part of a vicious cycle of depletion resulting
in progressive loss of the hyaline cartilage within the joint and usually also

Fig. 2.4 Healthy vs. osteoarthritic joint
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leading to underlying subchondral bony changes [28, 30]. Although some evidence
supports this disease pathway, this sequence of pathogenesis is still a matter
of debate.
Osteochondral changes characteristic of OA disease may occur early during the
development of OA and accentuate during the disease progression. Recent evidence
suggests subchondral bone as a possible precursor of the cartilage damage rather
than being the consequence of it [10, 27]. Moreover, it is suggested that the integrity
of the cartilage depends on the mechanical properties of its bony underlying.
Therefore, the bone’s loss of effective capacity to absorb forces (stiffening of
subchondral bone) caused by repetitive microfractures may affect the cartilage’s
overlay integrity [27]. According to Intema et al. [31], thinning of the subchondral
plate is related to cartilage degeneration while trabecular bone changes are related
to mechanical loading.
Synovial inflammation may occur as a consequence of posttraumatic joint
injury [32] or secondary to the chemical process associated with early or late
phases of OA. It usually corresponds to clinical symptoms of joint swelling and
pain [10]. Cartilage degeneration might be promoted by the release of catabolic and
proinflammatory mediators from the synovial membrane (i.e., IL-1, IL-6, THF-α,
etc.) [33] and by the excessive production of the proteolytic enzymes responsible
for cartilage breakdown [34]. This vicious cycle might contribute to progressive
joint degeneration.

Risk Factors
The various factors influencing joint damage have been grouped by Dieppe and
Lohmander [30] into systemic factors, considered to predispose patients to the
development of the disease such as age, genetics, and obesity; and local mechanical
factors including previous joint injury, joint overload, and joint instability, which
are thought to influence the disease’s distribution and severity.

Systemic Risk Factors
Age. The incidence and prevalence of OA tends to increase with age [8, 10, 11, 35].
This may result from longer exposure to different risk factors and from changes
related to aging [36].
Sex Hormones. Females are more likely to suffer from OA [10, 11, 35] and show
more aggressive radiographic changes [5] than males, especially after the age of 50.
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It is suggested that this phenomenon is related to hormonal changes occurring after
the menopause [27].
Genetic Predisposition. Higher risk of OA has been related to a genetic predisposition [33] through chromosomal loci and gene variations associations [30]. However,
identification of osteoarthritis susceptibility loci has not been as successful as
expected [37], and further research related to this risk factor is needed.
Race and Ethnicity. Differences in OA prevalence linked to race and ethnicity have
been identified [6, 38, 39]. Anatomical racial/ethnic characteristics may explain
some of the variations [6].
Vitamin D. There is evidence suggesting that vitamin D may influence the course of
OA by causing some effects on bone and cartilage [40]. However, recent studies
have found vitamin D to be more likely to be associated to the level of pain but not
to radiographic changes in knee OA [41].
Excess Weight and Obesity. This factor is strongly related to OA [6, 35, 42, 43].
The mechanism influencing the relationship is not clear. However, studies have
suggested that this correlation is not only the result of mechanical overload, particularly at the hips and knees, but also the result of the influence of some systemic
factors [44, 45] such as the production of the so-called adipocytokines in abdominal
fat mass. This concept is supported by the presence of OA in nonweight-bearing
joints such as hand joints in obese individuals.

Local Mechanical Risk Factors
Previous Injury. Previous joint injuries, such as transarticular fractures, meniscal
tear, or anterior ligament injury, are important risk factors linked to the development of knee OA [6, 46, 47]. This is usually referenced as posttraumatic osteoarthritis and represents approximately 12 % of all OA in the hip and knee [48].
Physical Activity. Regular practice or intense sporting activities may be considered
a risk factor for development of OA [47]. However, the evidence on engagement in
regular physical activity and the risk for the development of OA is conflicting [6].
Also, some occupational activities requiring heavy lifting or constant kneeling have
been correlated to OA of the hip and knee, respectively [49].
Muscle Weakness and Malalignment. Formerly, these factors were considered a
consequence rather than a cause of OA [30]. However, recently quadriceps weakness has been considered as a potential risk factor for symptomatic knee OA [50].
Similarly, knee malalignment has been related to a higher risk of development and
progression of knee OA due to intra-articular alterations of load distribution [6].
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Diagnosis and Diagnostic Criteria
Clinical Symptoms and Signs
Joint pain is the main reason for the initial visit to the general practitioner [6]. Pain
is described as a continuous dull or aching pain, which is interspersed with
unpredictable short episodes of high intensity [51]. Typically, this pain increases
during weight-bearing activities and is relieved with rest. In later stages, pain occurs
at gradually shorter walking distances and may finally even occur in rest and at
night. Pain in OA is sometimes accompanied by joint swelling or hydrops, a mild
inflammatory phase easier to diagnose in knee than in hip OA. Stiffness is another
OA symptom present in the morning, in the evening, or after periods of inactivity,
which lasts for a short period of time (less than 30 min) [30, 51]. Additional signs
related to OA include bony enlargement, impaired range of joint motion, crepitus
on motion, tenderness on pressure, pain on motion, joint effusion, malalignment,
and/or joint deformity [6, 27]. Moreover, osteoarthritis patients experience activity
limitations that affect their ability to live independently.
Painful osteoarthritis is usually difficult to differentiate from other causes of
joint pain such as referred pain, other periarticular pathologies, and somatization
[30]. However, the use of a complete patient history analysis and physical examination is usually enough to make an accurate diagnosis. Sometimes laboratory test
and X-rays are performed to assist the physician in establishing a precise diagnosis
or to reassure the patient.
Anamnesis. Usually healthcare providers’ ask for a description of the clinical
symptoms described above such as joint pain and stiffness. Also, information
related to heredity, past joint trauma, and occupational risks might help to direct
the diagnosis.
Physical Examination. Physical examination is complementary to the anamnesis. It
should be guided by the ACR criteria (see diagnostic criteria below). This exam is
intended for the detection of additional signs including bony enlargement, impaired
range of joint motion, tenderness, pain on motion, joint effusion, muscle strength,
malalignment, and joint deformity [28].
Imaging. Radiographic images are relatively cheap, fast, and easy to take. That is
why they are largely used for diagnosis and follow-up of the disease progression.
However, X-rays show only a limited two-dimensional view of the joint and some
relevant features might be missed [10, 28]. Magnetic resonance imaging (MRI) is a
more complete type of imaging, which offers a three-dimensional overview of the
different structures in the joint. However, it is a time-consuming and more expensive diagnostic test [10]. Furthermore, the large amount of data generated by MRI
may be difficult to report and to interpret. Computerized tomography also offers a
three-dimensional view of the joint, but the radiation exposure and the high cost
involved prevent its common use [10].
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Table 2.2 American College of Rheumatology radiological and clinical criteria for
osteoarthritis of the knee and hip
Hip (clinical and radiographic)
Osteoarthritis if 1, 2, 3 or 1, 2, 4 or 1, 3, 4 are present:
1 Hip pain for most days of previous month
2 Erythrocyte sedimentation rate of less than 20 mm in the first hour
3 Femoral or acetabular osteophytes on radiographs
4 Hip joint space narrowing on radiographs
Knee (clinical)
Osteoarthritis if 1, 2, 3, 4 or 1, 2, 5 or 1, 4, 5 are present:
1 Knee pain for most days of previous month
2 Crepitus on active joint motion
3 Morning stiffness lasting 30 min or less
4 Age 38 years or older
5 Bony enlargement of the knee on examination
Knee (clinical and radiographic)
Osteoarthritis if 1, 2 or 1, 3, 5, 6 or 1, 4, 5, 6 are present:
1 Knee pain for most days of previous month
2 Osteophytes at joint margins on radiographs
3 Synovial fluid typical of osteoarthritis (laboratory)
4 Age 40 years or older
5 Crepitus on active joint motion
6 Morning stiffness lasting 30 min or less
Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an update with relevance for clinical
practice. Lancet 2011 Jun 18; 377(9783):2115–26

Laboratory Tests. Most routine blood tests are normal in patients with uncomplicated
osteoarthritis, and thus it is not absolutely necessary to perform these tests. To assist
the physician and to reassure the patient, conventional blood test analysis, like
erythrocyte sedimentation rate (ESR), might be used to differentiate OA from other
inflammatory rheumatic diseases (i.e., rheumatoid arthritis or gout) [10].
Diagnostic Criteria. The American College of Rheumatology (ACR) has published
classification guidelines presenting the diagnostic criteria for idiopathic knee OA in
1986 [52] and hip OA in 1991 [53, 54]. The clinical criteria for OA of knee and hip
formulated by the ACR are summarized in Table 2.2.

Phenotypes
Currently, etiology and progression of OA are not fully understood. Therefore, the
identification of patients most likely to develop the disease or those at risk of rapid
disease progression is highly relevant. Consequently, the characterization of the OA
patients according to common phenotypes is considered of clinical importance.

22

D.C. Sanchez-Ramirez et al.

In an attempt to better direct the disease treatment, some authors have proposed a
categorization intended to group the heterogeneous patients’ features following
their most relevant characteristics. In knee OA patients, five phenotypes were
identified by Knoop et al. [55] based on clinically relevant patient characteristics:
“minimal joint disease phenotype,” “strong muscle phenotype,” “nonobese and
weak muscle phenotype,” “obese and weak muscle phenotype,” and “depressive
phenotype.” Bijlsma et al. [10] proposed differentiating the clinical phenotypes of
OA according to posttraumatic, metabolic, ageing, genetic, or pain. At this time, the
definition of the most appropriate disease phenotypes is still an ongoing debate.
There is considerable interest in this topic, because of the need to understand
disease progression.

Conclusion
OA is a chronic disease with a high and increasing prevalence and incidence.
Because of the moderate effects of nonpharmacological and pharmacological
treatments [56], the prevention through the counteraction of risk factors and the
detection of early signs should be highly prioritized. However, the discrepancy
between symptoms and radiological features in addition to the absence of clear
parameters to guide early identification of OA usually ends up in establishing the
diagnosis of OA at a late stage, when there are already several tissue abnormalities.
Further studies are needed in order to better understand the disease’s etiology and
progression, especially focusing on early OA.
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Chapter 3

Therapeutic Options in Osteoarthritis
of the Hip or Knee
Martijn Gerritsen, Ramon E. Voorneman, Joost Dekker,
and Willem F. Lems

Osteoarthritis (OA) of the hip or knee is a frequent cause of joint pain and disability,
especially in the elderly [1]. It leads to limitations in activities of daily life and
eventually to restrictions in social and occupational participation. Treatment should
be aimed at reduction of pain and stiffness, minimizing disability, and improvement of
quality of life, and prevention or inhibition of disease progression. Unfortunately, at
present, there are no disease-modifying treatments for OA that can slow the progression of joint damage. In general, therapy in osteoarthritis of the hip or knee consists of
nonpharmacological, pharmacological, and/or surgical interventions. A combination
of pharmacological and nonpharmacological treatments is universally recommended
in current guidelines for the management of hip and knee OA [2, 3]. In the following
chapter these interventions will be discussed.

Nonpharmacological Therapy
Nonpharmacological interventions in patients with OA of hip and knee are of great
importance, since drugs that slow disease progression are not available. Furthermore, pharmacological therapy frequently leads to side effects, especially in the
presence of comorbid conditions, and surgical interventions are being reserved for
end-stage OA.
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Provision of information and education about OA, the objectives of treatment,
and the importance of changes in lifestyle, regular exercise, pacing of activities,
weight reduction, and other measures to unload damaged joints, are considered
obligatory for all patients. However, the effect-size of these interventions is small
on the reduction of pain [2, 3] and no improvement was found on activity
limitations [4]. The emphasis of education should be on self-management [2].
Obesity is strongly associated with the development of OA. This association is
evident in knee OA [5] but less clear in OA of the hip [6]. Weight loss in obese
patients with knee OA has a positive effect on pain and stiffness with small effect
sizes and a positive effect on functional improvement with a moderate effect size
[2, 7–10]. The combination of a diet and exercise was shown to be the most
effective intervention [9]. To date, no randomized controlled trials have been
published to confirm similar beneficial effects of weight reduction in patients
with OA of the hip. It seems warranted, however to expect a positive effect of
weight loss on symptoms in these patients. Therefore, patients with knee or hip OA
that are overweight should be encouraged to lose weight and maintain their weight
at a lower level [2, 4].
The effects of exercise therapy are discussed in greater detail in Part III. In brief,
exercise is a core recommendation in patients with knee OA. Exercise aimed at
quadriceps muscle strengthening, improving aerobic endurance, and joint mobility
has a small to moderate positive effect on pain and activity limitations [11, 12].
In OA of the hip, there is less extensive evidence of a positive effect of exercise
therapy [13]. Still, it is generally accepted that exercise is also beneficial for patients
with hip OA. The above-mentioned effects are mainly short-term effects. To conserve long-term effectiveness, it seems important to offer follow-up sessions [14].
To increase the effect of exercise therapy, additional targeted therapies are being
developed, aimed at correction of factors underlying functional decline in OA, such
as instability, avoidance of activity, and depressed mood. Exercise aimed at neuromuscular and behavioral mechanisms is extensively described in Part II.
Osteoarthritis of the knee can result in varus or valgus deformation, which opens
up the possibility to perform an osteotomy. Deformation has been shown to be a risk
factor for disease progression and loss of function [15]. A knee brace can reduce
pain, improve stability and the performance of activities, and reduce the risk of
falling [16, 17]. Indeed, an increased risk of falling in OA patients has been
documented versus healthy controls [18]. Insoles can be of benefit in patients
with hip or knee OA because of the reduction of pain and activity limitations.
There is, however, not enough evidence from controlled studies to advocate the use
of insoles [2, 4]. On the other hand, every patient with hip or knee OA should
receive advice concerning appropriate footwear. Walking aids, like a cane or crutch
in the contralateral hand, can reduce pain in OA of the hip or knee. Evidence on the
positive effect of a cane on pain, activity limitations, and quality of life has been
recently obtained [19].
The effect of electromagnetic therapy in knee OA has not been studied extensively. Improvement in activity limitations was modest and there was no significant efficacy for reduction of pain [20]. Thermotherapy is recommended in
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some guidelines, although there was no significant effect on pain or on activity
limitations [2]. Transcutaneous electrical nerve stimulation (TENS) has short-term
efficacy in providing clinically significant pain relief in patients with knee OA and
no serious adverse effects were reported [21]. In a meta-analysis, acupuncture was
shown to be superior to controls with a moderate relief of pain and improvement in
the performance of activities. The effect was lower in blinded trials and also
diminished with time [22].

Pharmacological Therapy
Acetaminophen, in doses up to 3–4 g/day is recommended for the initial treatment
of mild-to-moderate pain in patients with knee or hip OA because of its safety and
efficacy. It was shown to be superior to placebo in reducing pain, although the effect
size is small. Acetaminophen has no significant effect on stiffness or functioning in
patients with symptomatic knee OA. Acetaminophen in recommended dosages is
safe. However, upon chronic use in high dosages (>3 g/day), it may have upper
gastrointestinal side effects, lead to mild impairment in renal function, and hypertension [2, 3]. It is also important to realize that it may lead to fatal liver damage
when toxic dosages are used, for instance in tentamen suicidi.
In case of insufficient pain relief on acetaminophen, a nonsteroidal antiinflammatory drug (NSAID) can be added or used as a substitute. NSAIDs are
inhibitors of the enzyme cyclooxygenase (COX) of which two isoforms exist;
COX-1 and COX-2. In general, NSAIDs can be divided in nonselective agents
that inhibit both isoforms and COX-2 selective agents, the so-called coxibs.
NSAIDs were shown to be superior to acetaminophen for pain relief in patients
with lower limb joint OA. Effect-sizes in general, however, were small [23]. There
is no difference in efficacy between various agents. Efficacy is dose dependent [4].
NSAIDs are associated with significantly more side effects than acetaminophen [24]. These agents can cause, for example, serious gastrointestinal (GI) side
effects like peptic ulcers, perforations, and bleeds. In patients with increased GI
risk, either a COX-2 selective agent or a nonselective NSAID with coprescription
of a proton-pump inhibitor or misoprostol for gastroprotection should be considered [25]. Another concern of NSAIDs is the increased cardiovascular (CV) risk.
The overall CV risk associated with coxibs was not significantly greater than that
associated with conventional nonselective NSAIDs [26]. In patients with a history
of myocardial infarction or a cerebrovascular event, it is unsafe and thus
contraindicated to prescribe NSAIDs or coxibs for any period of time. Naproxen
seems to be the only exception to this [27]. The current advice from the European
Agency for the Evaluation of Medicinal Products (EMEA) is that coxibs are
contraindicated in patients with ischemic heart disease or stroke and that caution
is needed when prescribing these agents to patients with traditional risk factors for
heart disease [28]. In general, to minimize the risk of side effects, NSAIDs should
be used at the lowest effective dose and for the shortest duration.
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In some countries, topical NSAIDs are frequently used by patients with
OA. There is a small and short-term effect of these agents on pain [29]. Overall,
topical NSAIDs are safe and do not show more side effects than acetaminophen.
Opioid analgesics can be considered in patients with persistent pain despite
treatment with NSAIDs or coxibs with or without acetaminophen. In addition,
they can be used in patients at high risk of side effects from NSAIDs or coxibs.
Finally, inoperable patients can benefit from opioids. Opioid analgesics showed
moderate efficacy in pain reduction and in improving the performance of activities,
with acceptable safety in short-term trials [30]. The beneficial effects of opioids,
however, are often limited by frequent gastrointestinal side effects such as nausea
and constipation [31]. There have been no long-term trials of the use of opioids in
patients with OA or comparative studies between NSAIDs and opioids.
Glucosamine sulfate and chondroitin sulfate are both constituents of the matrix of
healthy cartilage and used as supplements by patients with OA. Their use has been
subject of great controversy. To summarize the available evidence, glucosamine
sulfate was not more effective than placebo for pain relief or functional improvement
[32, 33], except perhaps for the trial with glucosamine from Rotta Pharm [34]. On the
other hand, little risk is associated with their use. Therefore, if a patient wants to use
glucosamine sulfate, a sufficient dose of 1,500 mg once daily should be prescribed.
If no response is apparent within 3 months treatment should be discontinued.
There is no evidence for significant relief of pain with chondroitin sulfate [3].
On the other hand, this supplement may have structure-modifying effects. A small
but significant reduction in the rate of decline of joint space narrowing per year
was demonstrated in patients treated with chondroitin sulfate compared with
placebo [35, 36].
Structure-modifying effects of alendronate, risedronate, and strontium ranelate
have been investigated. Although risedronate reduced markers of cartilage degradation and bone resorption, it did not have a substantial effect on radiological
progression of knee OA [37]. Alendronate and strontium ranelate were associated
with less spinal osteoarthritis progression compared to placebo in post hoc analysis
of pivotal trials [38, 39], not indicating that these drugs should be prescribed for the
prevention of progressive osteoarthritis, but that more research is warranted.
Recently, it was shown in a randomised, placebo-controlled trial in patients with
knee osteoarthritis, that the use of strontiumranelate was associated with a lower
radiological jont space narrowing, and with a lower WOMAC(pain) score.
Although the effect seems to be relatively small, these data are strongly
emphasizing that bone-active drugs might have an effect in osteoarthritis [40].
Intra-articular injections with corticosteroids can be used in the treatment of hip
and especially knee OA and should be considered when patients have persistent pain
despite anti-inflammatory agents and in case of knee OA, when patients have effusion
or other physical signs of local inflammation [2]. The effect size for pain relief was
moderate, although short lived and the performance of activities was not significantly
improved. Repeated injections prolonged the response up to 1 year [41].
Hyaluronic acid is a large molecular-weight glycosaminoglycan that is a constituent of normal synovial cartilage. Injection of intra-articular hyaluronate has
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been suggested to be of benefit in patients with knee or hip OA. The effect is
characterized by delayed onset but prolonged duration. Injections with hyaluronic
acid showed asymptomatic benefit when compared to intra-articular injections of
corticosteroids [3]. In a recent randomized placebo-controlled trial, repeated cycles
of intra-articular hyaluronic acid injections were confirmed to improve knee osteoarthritis symptoms and even a marked carry-over effect was noticed [42].
Inhibition of nerve growth factor (NGF) through the monoclonal antibody
tanezumab was shown to significantly reduce pain in OA of the knee compared to
placebo [43]. It appeared as a very promising approach, but the trials with this agent
have been discontinued for the moment because of progressively worsening of OA
and even bone necrosis requiring total joint arthroplasty. These side effects are
thought to be related to injury from excessive loading of the joint due to the absence
of pain [44]. However, new trials with monoclonal antibodies against NGF are
under way.

Surgery
Surgical options for OA include total joint replacement, unicompartmental knee
replacement, and alternative approaches like arthroscopic lavage and debridement,
nettoyage with subchondral drilling or microfracture, and osteotomy [4]. In general,
surgery should be reserved for patients with insufficient pain relief and functional
improvement to maximal conservative treatment.
Total hip and total knee arthroplasty are appropriate surgical procedures to
reduce pain and restore the performance of activities [45]. In addition, total joint
replacement was shown to be more cost-effective than the current pharmacological
treatments [46]. The need for revision, on the other hand, after 10–15 years is an
issue, especially in younger OA patients. Cumulative revision rates at 10 years
following total hip arthroplasty and total knee arthroplasty for OA were 7 % [47]
and 10 % [48], respectively. Other drawbacks are perioperative complications and
persisting complaints in up to 15 % of patients [49]. Total joint replacement should
therefore be delayed as long as possible, especially in younger patients. Despite
these drawbacks and considerations, the number of total hip and knee replacements
increased significantly in the Netherlands [50], indicating the increasing prevalence
of OA and insufficient effectiveness of conservative treatment. It also stresses the
need for innovative, targeted conservative treatment strategies.
Approximately, one-third of patients with knee OA have a disease that is largely
restricted to a single compartment. In these patients, knee pain and the performance
of activities were comparable 5 years after unicompartimental knee replacement
and total knee arthroplasty, but the range of motion was better after the first
procedure. Complication rates and survival were similar [51].
Osteotomy should be considered in young adults with symptomatic hip OA,
especially in the presence of dysplasia [52]. For the young and physically active
patient with significant symptoms from unicompartmental knee OA, high tibial
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osteotomy may offer an alternative intervention that delays the need for joint
replacement some 10 years [53].
In a randomized controlled trial, no positive effects of arthroscopic lavage and
debridement were demonstrated in knee OA on pain or quality of life up to 2 years
after surgery [54]. There are no studies investigating this technique in OA of the
hip. Nettoyage with subchondral drilling or microfracture might result in pain
reduction, although effect size and duration are unclear [4].

Conclusion
Therapeutic options in OA of the hip or knee are predominantly symptomatic, since
treatment strategies that prevent radiological progression are not yet available.
Nowadays, the effects of exercise therapy are limited, but there are hardly any
side effects. To increase the effect of exercise therapy, additional targeted therapies
are being developed, aimed at correction of factors underlying functional decline in
OA such as instability, avoidance of activity, and depressed mood. Acetaminophen
is the first choice in pharmacological therapy, because of its favorable safety profile.
NSAIDs and coxibs are more effective but are associated with potentially severe GI
or cardiovascular side effects. The effect of opioids has not been investigated
intensively, but these agents can be used in case of refractory pain. New therapeutic
options include the use of bone sparing drugs and that of antibodies against nerve
growth factor; further investigations in these directions seem to be worthwhile.
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Part II

Functional Decline

Chapter 4

Risk Factors for Functional Decline
in Osteoarthritis of the Knee or Hip
Marike van der Leeden, Cindy Veenhof, Leo D. Roorda, and Joost Dekker

Activity limitations, such as problems in walking, stair climbing, rising up, sitting
down and bending down, are highly frequent in osteoarthritis (OA) of the knee or
hip [1, 2]. These activity limitations may negatively affect quality of life and social
participation. It has been shown that activity limitations in knee and hip OA are
slowly deteriorating. In the first 3 years after diagnosis, no deterioration has been
found in the OA group as a whole. Patients could either improve in their ability to
perform activities, deteriorate or remain stable [3–9]. After 3 years of follow-up,
deterioration of activity limitations has been observed at the level of groups of
patients [6, 10–12]. However, the course of activity limitations is heterogeneous
among patients. Identification of risk factors for activity limitations is therefore
highly relevant [13].
Knowledge on risk factors can be used to inform patients on the likely course of
their condition. Knowledge on risk factors also contributes to the understanding of
mechanisms and processes, which cause activity limitations. Furthermore, risk
factors are potential targets for therapeutic and preventive interventions, aiming
at recovery of activities or prevention of activity limitations, respectively. This
chapter provides an overview of existing knowledge from recent scientific literature
on risk factors predicting the course of activity limitations in patients with OA of
the knee or hip.
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Risk Factors for Activity Limitations
Various studies have sought to identify risk factors for activity limitations, or
functional decline, in knee and hip OA. The order in which these risk factors are
presented in this chapter is based on the International Classification of Functioning,
Disability and Health (ICF). The ICF is a classification developed by the World
Health Organization. The components of the ICF are as follows: body structures
(the anatomic parts of the body), body functions (physiological and psychological
functions of the body), activities (the execution of tasks or actions by individuals),
participation (the involvement in a life situation), and environmental and personal
factors (Fig. 4.1) (http://www.who.int/classification/en) [14]. Risk factors for activity limitations in knee and hip OA range from impairments in body structures (signs
of joint degeneration), impairments in body functions (such as pain and muscle
weakness), to personal factors (such as age and lack of physical activity).

Impairments of Body Structures
Signs of Joint Degeneration. Radiological signs that indicate joint degeneration are
key findings of OA. However, the value of radiological signs to predict the course
of activity limitations is unclear. There is a weak association between signs of joint
degeneration on radiographs and activity limitations in cross-sectional studies
[4]. Longitudinally, some studies found an association between radiological signs
in the knee and future activity limitations [8, 12, 15]; however, other studies failed
to find an association [4, 7, 16].

Fig. 4.1 International Classification of Functioning, Disability, and Health (ICF) (http://www.
who.int/classification/en)
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Impairments of Body Functions
Pain. Pain is the primary symptom of OA and appears to predict future activity
limitations. The prognostic value of pain intensity in knee and hip OA was
established by a systematic review of van Dijk et al.: more pain at baseline
predicted more activity limitations [7]. More recent studies have confirmed this
finding. In older community-dwelling adults with knee pain, pain at baseline was
found to predict poor functional outcome at 18 months of follow-up [5]. Similarly,
patients with knee OA (or at a high risk of knee OA) reporting less knee pain
were more likely to reach a clinically relevant improvement in functional outcome
over 30 months [8]. On the long term, baseline pain level appeared to a be a
prognostic factor as well; Pisters et al. [9] reported higher pain at baseline to be a
predictor of more activity limitations after 5 years of follow-up in patients with
knee and hip OA.
Bilateral pain is likely to have a worse functional prognosis. Holla et al. found
bilateral hip pain to be a predictor of activity limitations in patients with early hip
OA [4]. Moreover, two other studies found bilateral pain to be a predictor of activity
limitations [15, 17].
Worsening of pain has been found to have prognostic value as well, in addition
to the prognostic value of pain at baseline. A study on patients with established OA
of the hip or knee found that increased pain at 1-year follow-up predicts activity
limitations at 3 years of follow-up [7]. In addition, in patients with nontraumatic
knee symptoms (including OA) persistent knee symptoms at 1-year follow-up were
associated with an unfavorable outcome, i.e., persistent knee symptoms at 6-year
follow-up or having undergone knee replacement surgery [17]. These findings
suggest accelerated functional decline in a subgroup of patients showing persistent
or worsened pain at 1-year follow-up.
Other Symptoms. Besides pain, morning stiffness is a symptom of knee and hip OA
that was found to predict functional decline [4, 15]. A longer duration of symptoms
was found to be a prognostic factor in knee OA [9, 15].
Muscle Weakness. Muscle weakness has been shown to be a major risk factor for
future activity limitations, especially in knee OA. Evidence from a systematic
review showed that muscle weakness predicts functional decline over 3 years in
individuals with knee OA [7]. This finding has been confirmed in more recent
studies; greater muscle strength predicted less pain and less activity limitations at
30 months of follow-up in knee OA [18]. Similarly, patients who have or are at risk
of knee OA with more knee strength were more likely to improve in their physical
activities over a 30-month period [8]. Furthermore, reduction of muscle strength at
1-year follow-up predicted activity limitations at 3 years of follow-up in knee OA
and baseline muscle strength predicted activity limitations at 5 years of follow-up in
both knee and hip OA [7, 9].
Proprioceptive Inaccuracy, Joint Laxity, and Joint Instability. For the knee, the role
of neuromuscular control in the progression of activity limitations is increasingly
understood. Besides muscle weakness, laxity of the knee joint and proprioceptive
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inaccuracy were found to be predictors for functional decline [6]. Recent evidence
suggests that instability of the knee joint affects activity limitations as well. Selfreported instability of the knee (i.e., the feeling of buckling, shifting, or giving away
of the knee) contributes to activity limitations, in addition to knee pain and muscle
weakness [19]. Since the impact of self-reported instability on activity limitations
has so far been evaluated in cross-sectional studies only, the prognostic value of
instability of the knee joint is still to be determined. It should be noted that singleleg standing balance, which may be associated to instability, predicts functional
decline at 18 months of follow-up [15]. For the hip, neuromuscular factors in
relation to activity limitations have hardly been studied.
Impaired Range of Joint Motion. Impaired range of motion (ROM) is a characteristic feature of OA. Although a limited number of studies are available, ROM seems
to be a prognostic factor for future activity limitations in knee and hip OA. Crosssectionally, impaired ROM was strongly associated with activity limitations
[20]. In a longitudinal design, it was found that a reduction of ROM at 1-year
follow-up predicted activity limitations at 3 years of follow-up in patients with
established knee and hip OA [7] and baseline ROM predicted activity limitations
at 5 years of follow-up in knee OA patients [9]. In addition, reduced hip flexion at
baseline predicted poor 2 years outcome on activity limitations in patients with
early hip OA [4].

Personal Factors
Bodyweight. Bodyweight has been found to be an important risk factor for future
activity limitations, especially in knee OA. In the systematic review of van Dijk
et al., bodyweight was found a risk factor in knee OA patients [6]. More recently,
the evidence for bodyweight as a predictor of functional decline in knee OA has
been strengthened by numerous studies [4, 5, 10, 12, 16]; only one study failed to
find an association [7]. The recent systematic review by Chapple et al. confirmed
bodyweight to be a predictor of both radiological progression and progression in
functional decline in knee OA [21]. Thus, clear evidence exists that higher
bodyweight predicts future activity limitations in knee OA. To date, there is no
evidence for the role of bodyweight in the prediction of activity limitations in
hip OA.
Age. Older age has been identified as a risk factor for functional decline in patients
with knee OA as shown in the systematic review of van Dijk et al. [6]. Since then,
results of several studies strengthened the evidence for older age as a predictor of
functional decline in knee and hip OA [3, 5, 7, 9, 12]. The predictive value of
age was further confirmed by the recent systematic review of Chapple et al. in knee
OA [21]. In that review, it was concluded that older age is a strong predictor of both
future joint degeneration and activity limitations.
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Gender. Conflicting results were found regarding the association between gender
and functional decline in the systematic review of van Dijk et al. [6]. In three more
recent studies investigating gender as a risk factor, women were found to show more
functional decline than men [3, 12, 18]. However, five other studies that investigated
gender failed to find an association with functional decline [4, 5, 7, 8, 10]. Thus,
the role of gender in the course of activity limitations in knee and hip OA
remains unclear.
Other Sociodemographic Factors. Certain ethnic groups showed more functional
decline (more decline in African-American or Hispanic-Americans compared with
Whites) [3]. Furthermore, non-Western ethnicity was a predictor of poor outcome
on activity limitations in early knee OA [4]. Some studies found lower educational
level [6, 9, 22], lower social class and being retired [10] as risk factors for
worsening of pain and activity limitations in patients with knee and hip OA,
although these risk factors were not identified in other studies [4, 5, 8].
Intoxications. The prognostic value of smoking and alcohol use is unclear to date.
In a study of Amin et al., men with knee OA who smoked sustained greater cartilage
loss and had more severe knee pain than men who did not smoke in a 30-month
period [18]. However, two other longitudinal studies that investigated smoking as a
prognostic factor failed to find an association with pain and function in patients with
knee and hip OA [4, 5]. The same was found for alcohol use; a single study found,
surprisingly, the use of alcohol to protect against functional decline [3], whereas
two other studies failed to find an association [4, 5].
Exercise and Physical Activity. Aerobic exercise was found to protect against
functional decline in the systematic review of van Dijk et al. [6]. Similarly, Dunlop
et al. reported that a lack of regular vigorous activity almost doubled the odds of
functional decline in patients with arthritis [3]. Further support for the importance
of being physically active was found by a recent study investigating the relationship
between self-reported physical activity and observed functional performance in
adults with knee OA. A consistent graded relationship was found between physical
activity level and better performance [23]. The systematic review of Chapple et al.
concluded that moderate participation in sports can be regarded safe for patients
with knee OA and was not associated with progression (radiological progression as
well as progression in activity limitations) [21].
Coping. A specific pain coping strategy—avoidance of activity—seems to play a
role in the course of activity limitations. Avoidance refers to behavior aimed at
postponing or preventing an aversive situation from occurring [24]. If physical
activity causes pain, avoidance of activity postpones or prevents pain. At the short
term, avoidance of activity reduces pain. However, the long-term effects of avoidance behavior can be negative. One longitudinal study found that avoidance of
activity predicted a higher level of future activity limitations in patients with
established knee or hip OA [9].
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Self-Efficacy. Self-efficacy is defined as the conviction that one can successfully
execute the behavior required to complete a task or activity [25]. Lower selfefficacy was concluded to be a predictive factor for functional decline in patients
with knee OA in the systematic review of van Dijk et al. [6]. In the absence of highquality studies, no conclusions could be drawn on the impact of self-efficacy in hip
OA [6].
Psychological Distress. Various studies have investigated the role of psychological
distress in functional decline. Psychological distress refers to a broad range of
unpleasant mood states such as depression, anxiety, low vitality, and fatigue.
Mallen et al. found that anxiety was one of the factors predicting poor functional
outcome after 18 months in older patients with knee pain [5]. Depression was
associated with poor functional outcome in that study as well. This last finding has
also been reported by Dunlop et al., who concluded that depressive symptoms were
a significant predictor of activity limitations of patients with arthritis over a 2-year
period [3]. A recent study by Riddle et al. showed baseline depressive symptoms to
be a statistically significant but small predictor of 2-year changes in pain and
activity limitations in persons with knee pain [26]. Thus, psychological distress
has been shown to have prognostic value in OA.
General Health Perception. Poorer general health perception was associated with
functional decline within a 2-year follow-up period [4, 5]. Similarly, self-reported
“other health problems” were associated with worsening of pain and activity
limitations over a period of 7 years for both hip and knee OA [10].

Environmental Factors
Social Support. Less social support was found to predict activity limitations in
patients with knee OA in the systematic review of van Dijk et al. [6]. In the absence
of high-quality studies, no conclusions could be drawn on the impact of social
support in hip OA.

Comorbidity
Comorbidity has been found to be a risk factor for functional decline in patients
with knee and hip OA. Since comorbidity is prevalent in OA, this finding is highly
relevant. Higher morbidity count predicted worsening of activity limitations in
patients with both early and established OA of the knee and hip [4, 7, 9]. In a
community-based sample of adults with hip and knee pain, cardiovascular morbidity and hypertension were found to be risk factors for worsening of pain and activity
limitations [10]. Likewise, van Dijk et al. found cardiac disease to predict worsening of self-reported and performance-based activity limitations in patients with
established hip OA [7]. Diabetes and stroke were found to be predictors of
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functional decline in patients with arthritis [3]. Moreover, joint pain in other joints
than the hip or knee [10] or multiple-site joint pain [4, 17, 27, 28] were found to be
predictors of functional decline.
Covinsky et al. demonstrated that patients with both arthritis and another chronic
condition were at greater risk for developing activity limitations compared with
patients with arthritis only [11]. Additionally, impairments associated with older
age, i.e., cognitive and visual impairments, were found to predict functional decline
[3, 7]. Despite the fact that these impairments are not intrinsically associated with
OA, these findings must be taken into account in rehabilitation interventions in
OA [13].

Conclusion
It can be concluded that a wide variety of risk factors for future activity limitations
in knee OA (Table 4.1) and hip OA (Table 4.2) has been identified. More research
on some of these factors is needed to strengthen the evidence concerning their role

Table 4.1 Risk factors for future activity limitations in OA of the knee
Risk factors
Radiological signs of joint degeneration
Pain
Morning stiffness
Longer duration of complaints
Muscle weakness
Proprioceptive inaccuracy
Laxity
Self-reported instability
Impaired range of joint motion
Higher bodyweight
Comorbidity
Age
Gender
Non-Western ethnicity
Educational level
Social class
Being retired
Smoking
Alcohol use
Lower level of activity
Avoidance of activity
Lower self-efficacy
Psychological distress (depression and anxiety)
Lower general health perception
Less social support

Presence of association
Unclear
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Unclear
Yes
Unclear
Unclear
Unclear
Unclear
Unclear
Yes
Yes
Yes
Yes
Yes
Yes

Evidence from
>1 Longitudinal study
Systematic review
>1 Longitudinal study
>1 Longitudinal study
Systematic review
Systematic review
Systematic review
Cross-sectional studies
1 Longitudinal study
Systematic review
>1 Longitudinal study
Systematic review
1 Longitudinal study
>1 Longitudinal study
>1 Longitudinal study
>1 Longitudinal study
>1 Longitudinal study
>1 Longitudinal study
>1 Longitudinal study
Systematic review
1 Longitudinal study
Systematic review
Systematic review
>1 Longitudinal study
Systematic review
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Table 4.2 Risk factors for future activity limitations in OA of the hip
Risk factors
Radiological signs of joint degeneration
Pain
Morning stiffness
Longer duration of complaints
Muscle weakness
Proprioceptive inaccuracy
Laxity
Self-reported instability
Impaired range of joint motion
Higher bodyweight
Comorbidity
Age
Gender
Non-Western ethnicity
Educational level
Social class
Being retired
Smoking
Alcohol use
Lower level of activity
Avoidance of activity
Lower self-efficacy
Psychological distress (depression and anxiety)
Lower general health perception
Less social support

Presence of association
No
Yes
Yes
No
Yes

Yes
No
Yes
Yes
Unclear
No
Unclear
No
No
No
Unclear
Yes

Yes

Evidence from
>1 Longitudinal study
Systematic review
1 Longitudinal study
1 Longitudinal study
1 Longitudinal study
Not studied
Not studied
Not studied
>1 Longitudinal study
>1 Longitudinal study
>1 Longitudinal study
>1 Longitudinal study
>1 Longitudinal study
1 Longitudinal study
>1 Longitudinal study
1 Longitudinal study
1 Longitudinal study
>1 Longitudinal study
>1 Longitudinal study
Not studied
1 Longitudinal study
Not studied
Not studied
>1 Longitudinal study
Not studied

in future activity limitations and to evaluate their clinical importance. Especially in
hip OA, prognosis of activity limitations is difficult to date, due to a limited number
of studies.
The mechanisms behind the longitudinal relationships between risk factors and
activity limitations have not been explained in the present chapter. Unraveling these
mechanisms is challenging and may provide new insights in targets for rehabilitation interventions. The next chapters (Chaps. 5 and 6) describe current evidence for
both a neuromuscular and a behavioral model to explain activity limitations in knee
and hip OA. In Chaps. 8 and 9, new insights into targets for rehabilitation
interventions based on these models are given.
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Chapter 5

Neuromuscular Mechanisms Explaining
Functional Decline
Martin van der Esch and Joost Dekker

Activity limitations are one of the main consequences of knee osteoarthritis (OA)
[1–4]. For knee OA, limitations during daily activities are primarily related to
walking, stair climbing, and transfers (such as rising up from or sitting down on a
chair, rising up from a bed, and getting into and out of a car) [1]. Activity limitations
are already present early in the disease process and progress over time [3]. Risk
factors for activity limitations in patients with knee OA are described in Chap. 4.
Neuromuscular risk factors, including poor muscle strength, decreased joint proprioception, joint laxity, and high varus–valgus motion, are clinically well-accepted
risk factors for activity limitations [4–8]. In an attempt to gain insight into the
relationship between risk factors and activity limitations in patients with knee OA, a
neuromuscular model has recently been presented [4]. Poor muscle strength has
been shown to be one of the strongest risk factors for activity limitations [4].
Additionally, poor proprioception (inaccurate proprioceptive acuity), high knee
laxity, and high varus–valgus motion may also be associated with activity
limitations, although the knowledge of these aspects of the neuromuscular model
is sparse.
This chapter describes the neuromuscular model and reviews some aspects of the
neuromuscular model in relation to activity limitations in knee OA patients, namely
by outlining the procedures used for evaluating the model and, by presenting the
current scientific evidence for components of the model: muscle strength, joint
proprioception, joint laxity, and varus–valgus motion.
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The Neuromuscular Model
When performing daily activities, such as walking, stair climbing, and rising up
from or sitting down on a chair, external and internal load changes affecting the
knee need to be accommodated. An accurate neuromuscular system accommodates
these loads. The knee joint’s behavior during the performance of daily activities is
influenced by several factors including muscle strength, proprioceptive acuity, joint
laxity, and varus–valgus motion. These factors determine to what extent a state of
equilibrium of the knee joint (i.e., stability of the knee joint) can be maintained.
Muscle weakness is a crucial factor in the explanation of activity limitations in
OA [4]. Muscle weakness is thought to have a direct impact on activity limitations;
muscle strength is required for the adequate performance of activities. Muscle
weakness may also have an indirect impact on the performance of activities,
through instability of the knee joint. Muscle weakness may cause instability of
the knee thereby leading to activity limitations.
In addition to muscle weakness, poor proprioception is thought to contribute to
instability of the knee joint as well. Proprioception is impaired in knee OA [9]. It is
hypothesized that poor proprioception aggravates the impact of muscle weakness
on instability of the knee and thereby on activity limitations.
Joint laxity may contribute to instability of the knee joint. Laxity of the joint is
due to impairment of the passive restraint system of the joint (primarily the
ligaments and the capsule). Stronger muscles may compensate the impact of laxity
on instability. Conversely, the impact of muscle weakness on instability and
activity limitations is hypothesized to be aggravated by joint laxity; muscle weakness in combination with laxity has a strong impact on activity limitations.
Finally, high varus–valgus motion of the knee joint during walking may also
contribute to instability of the knee joint. A high motion in the frontal plane in
the weight acceptance and midstance phases of walking may be compensated
by muscle strength. It is hypothesized that high varus–valgus motion aggravates
the impact of muscle strength on knee instability and thereby on activity
limitations.
The neuromuscular model offers an explanation of how muscle weakness, poor
proprioception, joint laxity, and high varus–valgus motion are involved in
generating limitations of daily activities in patients with knee OA. As shown in
Fig. 5.1, the model hypothesizes the direct relationship between muscle weakness
and activity limitations, as well as the combined influence of muscle weakness and
poor proprioception, and muscle weakness and high laxity, and muscle weakness
and high varus–valgus motion on activity limitations.
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Fig. 5.1 Neuromuscular factors and activity limitations

Measurement of Activity Limitations and Neuromuscular
Factors
Activity Limitations
Both in clinical practice and in scientific research on patients with knee OA, activity
limitations as outcome are evaluated using various instruments. Activity limitations
are defined as difficulties an individual may have in executing daily activities
[10, 11]. The Outcome Measures in Rheumatology Trials (OMERACT) group
defined a core set of outcome dimensions for clinical studies, which are pain,
physical function (the performance of daily activities), and patients global assessment [12]. In line with these outcome dimensions, activity limitations of knee OA
patients are usually assessed with self-report questionnaires [Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) physical function subscale
and the SF-36 physical function subscale] and with performance-based timed tests
(walk test, GUG, and stair climb) [12].
WOMAC and SF-36. The WOMAC is a disease-specific measure of pain, stiffness,
and physical function for individuals with OA of the knee [13, 14]. The WOMAC,
with a possible range of 0–96, includes 5 items related to pain, 2 items related to
stiffness, and 17 items related to physical function (PF). Each item is scored on a
5-point Likert scale. Reliability and validity of the WOMAC have been established
[13]. Higher scores on the WOMAC represent greater limitations in function. The
ICC for Dutch WOMAC physical functioning was 0.92 [13]. The Medical Outcome
Study 36-Item Short Form-36 (SF-36) is a generic questionnaire [15]. The SF-36
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consists of a series of questions, which are divided into eight categories rating their
overall function and well-being. The categories can be combined to a physical
component score (PCS) and a mental component score (MCS). The WOMAC and
the SF-36 demonstrated the highest ratings overall for descriptive and psychometric
qualities [12]. Therefore, these questionnaires are recommended for evaluating
activity limitations in patients with knee OA.
100-m Walk Test. This walk test requires a subject with knee OA to walk as fast as
possible a total of five times continuously up and down a level 20-m corridor. A
stopwatch is used to measure the time it takes to complete the 100-m distance,
commencing from a verbal cue to start walking to culmination of the 5th pass.
Get Up and Go Test. Hurley et al. have described the Get Up and Go (GUG) test
[16]. To perform the test, subjects are seated on a standard-height chair with
armrests. On the command “go” subjects stand up without help of their arms and
walk along a level, unobstructed corridor as fast as possible. A stopwatch is used to
measure the length of time it took the subject to get up from the chair and walk
15 m. A longer time to complete the GUG test represents greater activity
limitations. The intraclass correlation coefficients (ICCs) for the intratester and
the intertester reliability were both 0.98 [17].
Stair-Climb Test. To perform the stair-climb test subjects stand at the foot of a
stairway comprising several steps (e.g., 12 steps with a 16-cm high), and on the
command “go”, ascend the stairs as fast as possible. After a period of rest at the top
of the stairs, subjects descend the stairs as fast as possible. A stopwatch is used for
timing. The correlation between the time of step ascent and descent was r ¼ 0.90
(95 %CI 0.85–0.97) [18].

Muscle Strength
In many studies, knee extension and flexion strength has been assessed
isokinetically with a dynamometer [5–8]. Various instruments for isokinetic assessment of muscle strength are available; an example is given in Fig. 5.2. According to
a standardized protocol, patients are usually sitting on a bench and secured to the
testing device with chest, pelvis, and thigh straps. Furthermore, the measurement is
standardized for the position of the ankle pad and the position of the knee opposite
to the mechanical axis of the dynamometer. In general, during testing, the range of
knee motion is limited to 20–80 for knee joint protection. Usually, patients
perform submaximal contractions as a warm-up period, building up to maximal
contractions. Patients perform a series of maximal test repetitions with right–left
order of testing usually alternated between patients. The maximum score of the
three repetitions is mostly used. At least two methods are used in analyses. The
mean of extension and flexion strength of each leg is computed to obtain mean
muscle strength, or the maximum of one of the measurements is used. Subsequently, mean muscle strength in Nm is divided by the patient’s body weight.
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Fig. 5.2 The assessment
of isokinetic extension and
flexion muscle strength

In other OA studies, muscle strength has been tested isometrically by using a
simple hand-held dynamometer [19, 20]. In the clinic, a hand-held dynamometer
gives the opportunity to measure muscle strength in a feasible way, when
dynamometers for isokinetically measurements are not available.

Knee Proprioception
Knee proprioception has been defined as the conscious and/or unconscious
perception of position and movement of an extremity or a joint in space [9]. The
perception of proprioception partially derives from integrated afferent neural input
arising from mechanoreceptors in different structures of the knee (joint capsule and
ligaments, muscles, tendons, and associated tissue) but is also influenced by
afferents from outside the knee (vestibular organ, visual system, and cutaneous
and proprioceptive receptors from other body parts). Table 5.1 gives an overview of
mechanoreceptors of the knee, their location, and the stimulus specificity.
Proprioceptive acuity of the knee can be assessed by the detection of joint
motion or joint position [7, 9, 21–32]. For both measurements, a multicomponent
device measures angular displacement of the knee joint in a nonweight-bearing
position. Visual and auditory stimuli, mechanical vibrations, cutaneous tension, and
pressure cues should be minimized during assessment.
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Table 5.1 Proprioceptive receptors of the knee
Receptor
Active receptors
Muscle spindles

Location

Stimulus specificity

Muscles fibers

Golgi tendon organs

Tendons

Muscle elongation, velocity, and acceleration
(especially at mid-range of knee angle)
Force developed by the muscle

Articular mechanoreceptors
Pacinian corpuscles
Ligaments,
Small (dynamic) changes in tissue deformation
(quick-adapting
menisci,
receptors)
capsule
Ruffini endings (slowLigaments,
Joint angle (especially at extreme knee angles),
adapting receptors)
menisci,
velocity, intra-articular pressure, and strains
capsule
Golgi receptors
Ligaments,
Joint angle (especially at extreme knee angles)
menisci,
capsule
Bare nerve endings
Various tissues in (Excessive) tissue deformation, pain,
and around
inflammation
knee
Source: Knoop J, Steultjens MP, van der Leeden M, van der Esch M, Thorstensson CA, Roorda LD
et al. Proprioception in knee osteoarthritis: a narrative review. Osteoarthritis Cartilage 2011;
19:381–388. Reprinted with permission

The measurement of knee joint movement and position is conducted
according to a protocol, with the patient seated in a chair (Fig. 5.3). The sitting
position creates an optimum positioning as the axis of rotation of the
tibiofemoral joint can be aligned with the axis of rotation of the device. An
ankle cuff should be used to minimize extraneous movements. To eliminate any
contribution from cutaneous receptors and to avoid skin contact with clothing
and the lever arm, the lower leg is placed on a freely moving footrest. Patients
should be given standard instructions, informing them that the right or left leg
will be tested in a random order.
For measuring joint movement sense both legs are moved to a starting position
and after stopping the movement a random delay occurs before motion onset.
Following this delay, a computer-controlled constant angular motion of one knee
is initiated. The patient pushes a button after definite detection of knee joint
movement. The threshold for detection of knee joint movement is defined as the
difference, in degrees, between the actual onset of motion and the patient’s detection of knee joint motion [7, 31]. A large difference between the actual onset of
motion and the patient’s detection expresses poor proprioception.
For measuring joint position sense, one knee is moved from a starting position to
a testing position [25]. Following a delay, the knee is returned to the starting
position. From that position the knee is extended to the original testing position
and the patient has to detect when this position has been reached. The angular
displacement between the test position and the perceived position is recorded. The
threshold for detection of knee joint position is defined as the difference, in degrees,
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Fig. 5.3 The assessment of
joint motion sense and joint
position sense

between the actual onset of the position and the patient’s detection of the knee joint
position. A large difference between the original onset of position and the patient’s
detection expresses poor proprioception.
At least two methods are used in analyses. The mean of three measurements of
each knee are computed to obtain mean knee joint movement and knee joint
position, respectively. Alternatively, the maximum of one of the measurements of
knee joint movement and knee joint position is used. ICCs for intrarater reliability
for the assessment of patients with OA and patients without OA by a single experienced tester were 0.91 and 0.87 for joint movement detection, respectively [31].

Alternative Measures of Knee Proprioception
Shortly, two alternative methods of measuring knee proprioception will be
described: measuring joint position sense with an electrogoniometer and measuring
the vibratory perception threshold.
Electrogoniometer. In several studies, a twin-axis electrogoniometer has been used
for measuring knee joint position sense [24, 30, 32–34]. The electrogoniometer
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has been attached to the outside of the leg [24, 30]. The electrogoniometer is mostly
attached to the lateral aspect of the lower leg using adhesive (double sided) tape
with the lower sensor just below the head of the fibula (in line with the lateral
malleolus) and the upper sensor taped at the top of the lateral femoral condyle, in
line with the great trochanter. The goniometer is connected to a hand-held display
unit that will give a continuous, real-time digital reading of the flexion angle. It is
recommended that patients are sitting on a table with knees and hips at 90 flexion
and the knees hanging over the edge of a table, the axis of rotation aligned with the
tibiofemoral joint’s axis of rotation.
Measurements in weight-bearing standing positions have been reported too, with
the aim to measure joint position sense in a functional way [34]. However, the
influence of different afferent systems as the vestibular system, muscle strength and
the proprioception of other joints may influence the outcome of this assessment.
The outcome of the test is the difference in degrees between the perceived position
and the actual test position. A large difference between the detected test joint
position and the original test position expresses decreased proprioceptive acuity.
Vibratory Perception Measurement. Recently, it was found that vibratory perception threshold (VPT) is reduced in knee OA patients [35, 36]. Vibratory perception
travels through similar neurologic pathways as the afferents for proprioception;
therefore, vibratory sense may also be decreased in knee OA. VPT is a sensory
measure that is commonly used to evaluate diabetic neuropathy and that has been
associated with neuropathic arthropathy.

Knee Laxity
Joint laxity has been defined as the displacement or rotation of the tibia with respect
to the femur in the varus–valgus direction [37–40]. The inside and outside displacement of the tibia reflects the capsule-ligamentous stretch when load is applied to the
knee joint. The total displacement depends on the stretch capability of the
ligaments, capsule, and other soft tissues.
Varus–valgus laxity can be measured using a device that provides thigh and
lower leg immobilization, a stable knee angle in flexion of 20 , and fixed varus and
valgus load [39, 40]. An example of a device is presented (Fig. 5.4). Laxity is
measured (in degrees) as the movement in the frontal plane after varus and valgus
load. In several studies, a weight of 1.12 kg has been used to load the lower
leg [6]. This load can be applied to the lower leg both medially and laterally,
resulting in varus or valgus movement in the knee joint.
It is recommended that all measurements of laxity are performed in adherence
to a protocol, including the use of anatomic landmarks for patient positioning,
patient instructions, and the examiner’s position. Right–left order of testing
is alternated between patients. In analyses, the mean in degrees for laxity of the
right and left knees obtained from several measurements is mostly used or the
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Fig. 5.4 The assessment of varus–valgus laxity of the knee

maximum of one of the measurements. The ICC for intra- and interrater reliability
of the measurements in healthy persons was 0.80 and 0.88, respectively [39].
Knee Varus–Valgus Motion. Knee varus–valgus motion has been defined as the
movement in the frontal plane during the weight acceptance phase and the
midstance phase of walking [8]. Varus–valgus motion has been measured by a
motion analyses system to record 3D position of light-emitting diode markers (see
Fig. 5.5). Synchronously, 3D ground reaction force can be recorded by using a force
plate. Finally, with MATLAB software, the anatomical axes, the 3D motion, and
the loading data can be reconstructed. Using this software, the ground reaction force
curve represents itself as an M shape, from which the loading response phase
(i.e., from zero to the first peak) and midstance (i.e., the lowest point of the M
shape in between two peaks) can be determined. These two parts of the ground
reaction force curve can be used to determine (1) the knee varus–valgus range of
motion (VV-ROM) and (2) the varus–valgus position (VVP). The difference
between the peak excursion in varus direction and the peak excursion in valgus
direction reflects VV-ROM (in degrees). VVP is the position of the knee in
midstance. VVP (in degrees) can be obtained by comparing the position of the
knee in the varus or valgus direction in midstance with the position of the knee at
the start of measurement (anatomical posture, prior to walking).
In order to measure VV-ROM and VVP, subjects are instructed to walk at a selfselected speed along a walkway. The mean in degrees for VV-ROM and VVP of the
right and left knees obtained from at least three measurements can be used for
analysis.
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Fig. 5.5 The assessment
of varus–valgus motion
of the knee

Integration of Neuromuscular Factors: Knee Joint Stability
In stabilizing the knee joint, all four factors of the neuromuscular model
are involved to maintain a position of the knee or to control the movements of
the knee under differing external loads. Knee stability is a key component of the
mechanical environment of the normal knee joint. In an unloaded state, the
ligaments, capsule, and other soft tissues provide static knee stability. Under loaded
conditions, dynamic stability of the knee is provided by muscle strength, proprioceptive acuity, and minimal varus–valgus motion. The processing of proprioceptive
input by the central nervous system results in the contraction of periarticular
muscles, which reduces unexpected and sudden variability in knee motions and
therefore stabilizes the knee.
Dynamic knee joint stability and variability in knee motion can be measured
during treadmill walking [42]. Yakhdani et al. [41] used the Lyapunov exponent to
quantify sagittal knee stability in a group of knee OA patients. The Lyapunov
exponent quantifies the effect of corrections to small perturbations during walking
[42]. In other words, this is the degree to which kinematics of walking remain the
same over time. This is a relatively new measure of stability. Further research is
needed to demonstrate its value as a measure of stability in knee OA.
Self-Reported Knee Instability. When the knee is not able to maintain a position or
when movements are not controlled, patients may report the perception of knee
instability, described as a perception of slipping, buckling, or giving way of the
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knee [43]. The perception of slipping refers to a smoothly gave way feeling.
Bucking refers to a sudden and full gave way perception of the knee. Both
perceptions indicate that the knee is not under neuromuscular control during
daily activities. Approximately, two-thirds of patients with knee OA report knee
instability [18, 43–45].
Self-reported knee instability might be assessed with the question to what degree
the perception of instability affects daily activities, according to the study of
Fitzgerald et al. [44]. Another way of questioning is by asking the presence or
absence of the perception of instability, without the relationship with daily
activities [18, 43–45]. The perception of instability might be assessed by the
question: “Have you had an episode in the past 3 months where your knee slipped
(partial gave way) or buckled (total gave way)?” Persons who answered “yes” on
one of the two questions are asked to indicate which knee gave way and how many
times in the past 3 months, they had had such an episode. Additionally, it can be
asked what they were doing when their knee gave way. Options are different
aspects of activity limitations such as walking, descending or ascending stairs,
twisting or turning, or other.

Scientific Evidence for the Neuromuscular Model
Several studies have focused on the components of the neuromuscular model in an
attempt to validate the model [4, 6–8]. In these studies, the impact of muscle
weakness as well as decreased proprioceptive acuity, joint laxity, and high
varus–valgus motion was assessed. It was shown that muscle weakness is the
most important component of the model and thereby the determinant of activity
limitations. However, the impact of muscle weakness on activity limitations is
influenced by knee joint proprioceptive acuity, knee laxity, and high varus–valgus
motion.

Muscle Weakness and Activity Limitations
Muscle weakness is an important characteristic in knee OA and a frequent finding
in knee OA patients [5–8, 33, 46–51]. Between knee OA patients, there is a high
variability in muscle strength ranging from normal muscle strength to severe
muscle weakness [48]. Muscle weakness is a risk factor for knee OA onset,
progression, poor clinical outcome, and activity limitations [4, 5, 46, 47, 51, 52]. In
a cross-sectional study by Slemenda et al., the quadriceps muscle was found on
average 20 % weaker among those with radiographic signs of OA [49]. Steultjens
et al. [48] showed that muscle weakness in knee OA patients accounted for 15–20 %
of activity limitations related to the lower extremity. Recently, an association between
muscle strength and activity limitations was found in early knee OA patients,
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indicating a higher level of activity limitations in participants with weaker muscles
[52]. These findings confirm the premise that muscle weakness is an important risk
factor for activity limitations in early and established knee OA patients.

Knee Joint Proprioception and Activity Limitations
A recent narrative review [9] has shown that proprioceptive accuracy is related to
activity limitations in knee OA patients. Knee proprioceptive acuity is presumed to
be required for stability of the knee during static posture and coordination of
movements. Poor proprioceptive acuity is related to activity limitations in two
ways: directly and indirectly. A direct relationship has been demonstrated; however, that relationship was rather weak [5, 7]. An indirect relationship between
proprioceptive acuity and activity limitations was also shown [7]. Poor proprioceptive acuity aggravated the impact of muscle weakness on activity limitations. This
means that in the presence of poor proprioceptive acuity, muscle weakness results
in more activity limitations compared to a situation with muscle weakness and
adequate proprioceptive acuity (see Fig. 5.6a–c). This observation was made using
walking and GUG time; on the WOMAC-pf score, the pattern was the same, but it
was not statistically significant. Thus, in knee OA patients with an inadequate
neuromuscular system, due to a poor proprioceptive acuity, activities such as
walking are more affected by muscle weakness than in knee OA patients with an
adequate neuromuscular system.
The relationship between knee joint proprioceptive acuity and activity
limitations has been demonstrated in other cross-sectional studies too [5, 24]. A
modest relationship has also been found in a longitudinal study, showing that the
increase in activity limitations in time was higher in patients with poor proprioception than in patients with accurate proprioception [30]. Sharma et al. [27] described
that proprioceptive acuity is a more generalized process and that a change in
proprioceptive acuity was not only related to the affected side or joints but also to
the unaffected side. Knee proprioceptive acuity may be not a local joint process, but
a more systemic process, which is generalized over several joints; however, the
evidence for this generalization process is weak. More studies on proprioception are
needed in knee OA patients to explore the role of proprioceptive acuity deficits as a
generalized process, and its relationship to activity limitations longitudinally.

Knee Joint Laxity and Activity Limitations
Knee joint laxity refers to the behavior of the joint during passive varus–valgus
rotation and is presumed to be the static component of knee joint stability. High
knee joint laxity is related to activity limitations indirectly; high laxity aggravated
the impact of muscle weakness on activity limitations [6]; in knees with high laxity,
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Fig. 5.6 (a–c) The relationship between activity limitations and muscle strength in an accurate
proprioception (low JMDT <4.3 ) group and a poor proprioception (high JMDT >4.3 ) group. (a)
Walking time vs. muscle strength. (b) GUG time vs. muscle strength. (c) WOMAC-PF vs. muscle
strength. JMDT Joint Motion Detection Threshold (degrees). Source: Van der Esch M,
Steultjens M, Harlaar J, Knol D, Lems W, Dekker J. Joint proprioception, muscle strength, and
functional ability in patients with osteoarthritis of the knee. Arthritis Rheum 2007; 57:787–793.
Reprinted with permission

muscle weakness was stronger associated with activity limitations than in patients
with low laxity, see Fig. 5.7. By way of explanation, it was hypothesized that in
highly lax knees, the loss of static stability is compensated by higher coactivation of
knee muscles. This means that less muscle strength is available for the execution of
daily activities [6]. As a result, knee OA patients with high laxity of the knee joint
are more at risk for developing activity limitations in the presence of muscle
weakness.
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Fig. 5.7 (a, b) The relationship between activity limitations and muscle strength in a low (<6.9 )
and a high (>6.9 ) laxity group. (a) Walking time vs. muscle strength. (b) WOMAC-PF vs. muscle
strength. Source: Van der Esch M, Steultjens MPM, Knol D, Dinant H, Dekker J. Joint laxity
modifies the relationship between muscle strength and disability in patients with osteoarthritis of
the knee. Arthritis Rheum 2006;55:953–959. Reprinted with permission

Knee Joint Varus–Valgus Motion and Activity Limitations
Knee joint varus–valgus motion is indirectly related to activity limitations [8, 53]. It
was found that in patients with knee OA, muscle weakness has a stronger impact on
activity limitations when the knee varus–valgus motion is higher than in patients with
low varus–valgus motion (see Fig. 5.8). This result suggests that high varus–valgus
motion is associated with inefficient use of muscle strength and that patients need
greater magnitudes of muscle activities during walking [54]. Conversely, muscle
weakness has a stronger impact on activity limitations in patients with high
varus–valgus motion than in patients with low varus–valgus motion.

Knee Stability
Muscle weakness, poor proprioception, joint laxity, and high varus–valgus motion
are hypothesized to cause instability of the knee joint and thereby activity
limitations. These variables should be interpreted as components of knee stability,
but they are not direct measures of knee instability. Few studies have attempted to
assess instability of the knee joint directly [41, 42]. Yakhdani et al. assessed
dynamic instability using the Lyapunov exponent [41]. Further research is needed
to evaluate whether this is a valid measure of knee instability in OA. Another
indirect measurement of knee instability is the measurement of the perception of
giving way of the knee by self-report. Four studies have dealt with the self-reported
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Fig. 5.8 The relationship between activity limitations and muscle strength in an excessive
VV-ROM (>3.03 ) group and a minimal VV-ROM (<3.03 ) group in the loading response
phase of the gait cycle. (a) walking time vs. muscle strength. (b) GUG time vs. muscle strength.
(c) WOMAC-PF vs. muscle strength. Source: Van der Esch M, Steultjens M, Harlaar J, et al.
Varus-valgus motion and functional ability in patients with knee osteoarthritis. Ann Rheum Dis
2008;67:471–477. Reprinted with permission

knee instability and activity limitations [18, 43–46]. These studies concluded that
self-reported knee instability and activity limitations are related. Recently, Knoop
et al. found that muscle weakness was strongly related to self-reported knee
instability, while knee joint proprioception and knee laxity were not [45]. This
may indicate that muscle strength is a dominant variable related to the perception of
knee instability. Possibly, the effects of poor proprioception, laxity, and high
varus–valgus motion are rather small compared to the effect of muscle strength,
and therefore too small to influence self-reported instability.

64

M. van der Esch and J. Dekker

Conclusion and Unexplored Issues
In conclusion, the neuromuscular model has been validated in several studies. In the
model, muscle weakness is the central determinant of activity limitations. The
relationship between muscle weakness and activity limitations is strong. Poor
proprioception, laxity, and high varus–valgus motion seem to aggravate the impact
of muscle weakness on activity limitations. Considerable evidence exists that the
neuromuscular model provides a valid explanation of activity limitations in patients
with knee OA. The evidence has been obtained in cross-sectional studies. Further
research on the neuromuscular model using longitudinal designs is needed
[54]. There is also a need to establish direct outcome measures for knee joint
instability. Finally, studies on the neuromuscular model focus exclusively on
knee OA. There is need to study neuromuscular mechanisms explaining functional
decline in hip OA.
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Chapter 6

Behavioral Mechanisms Explaining
Functional Decline
Jasmijn F.M. Holla, Martijn Pisters, and Joost Dekker

In Chap. 4, risk factors for functional decline in knee and hip OA patients are
described. The chapter shows that: (1) the number of studies focusing on psychological, behavioral, and neuromuscular determinants of functional decline has increased
considerably over the past 30 years; and (2) that pain, psychological distress (i.e.,
unpleasant mood states such as depression, anxiety, low vitality, and fatigue), pain
coping behavior, low self-efficacy, and muscle weakness are associated with
limitations in activity [1–10]. To be clinically useful, it should be known by means
of which mechanisms these determinants cause limitations in activity in OA patients.
The avoidance model is a behavioral model that explains how behavioral
mechanisms may lead to limitations in activity in knee OA patients. This chapter
describes the avoidance model and reviews the current scientific evidence for the
individual components of the model: pain during activity, psychological distress,
avoidance of activity as a strategy to cope with pain, muscle weakness, and
limitations in activity. Low self-efficacy [11–13] and pain-related fear [14–16] are
also important determinants of limitations in activity in OA patients; however, these
determinants are not included in the avoidance model. Therefore, the concepts of
self-efficacy and pain-related fear will be described in a separate paragraph. Because
the avoidance model is not fully applicable to hip OA, mechanisms in hip OA will
also be discussed in a separate paragraph. At the end of the chapter, a summary is
provided, and unresolved issues in need for further exploration are discussed.
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The Avoidance Model
Avoidance refers to behavior aimed at postponing or preventing an aversive situation from occurring [17]. If physical activity causes pain, avoidance of activity
postpones or prevents pain [18]. At the short term, avoidance of activity reduces
pain. However, the long-term effects of avoidance behavior can be negative,
because physical inactivity is associated with more pain and more limitations in
activity [5, 19].
During the past decades, several theoretical models have been developed to
explain the associations between pain, avoidance, and limitations in activity in
chronic pain patients [20]. The first models were based on the theories of classical
and operant conditioning. In the models based on classical conditioning, it is assumed
that pain becomes a conditioned stimulus for fear. The patient fears and avoids
activities, which may cause pain; the patient becomes inactive, which leads to
physical deconditioning and thereby limitations in activity [21, 22]. In the models
based on operant conditioning, pain behaviors (e.g., avoidance, complaining, and use
of analgesics) play an important role [21, 23]. It is assumed that these pain behaviors
are reinforced and will therefore persist. For example, in the short term, avoidance of
activity as reaction to acute pain may be reinforced by reduction of pain. In the longer
term, avoidance of activity will lead to physical deconditioning and thereby
limitations in activity. The latest models are based on the cognitive behavioral
approach, based on the prevailing assumption that individuals actively process
information regarding internal stimuli and external events [20]. These models emphasize the importance of cognitive processes in the development of chronic pain and
limitations in activity [21, 24]. It is assumed that acute pain results in chronic pain in
patients who use an adverse coping strategy such as catastrophizing [15, 21]. Dekker
et al. [25] proposed a cognitive behavioral model to explain the development of
limitations in activity in OA: the avoidance model. The avoidance model is based on
operant and cognitive paradigms. Another well-known cognitive behavioral model of
chronic pain is the fear-avoidance model [17, 26, 27]. This model has been developed
in patients with low back pain, and will be described in section “Similarities
and Differences with the Fear-Avoidance Model”. The difference between the
avoidance model and the fear-avoidance model will be described in section
“Similarities and Differences with the Fear-Avoidance Model” as well.
The avoidance model [25, 28, 29] offers an explanation of how avoidance of
activity leads to limitations in activity in patients with knee OA. According to this
model (Fig. 6.1), a patient initially experiences pain during activity. This leads to
the expectation that renewed activity results in more pain and consequently to
avoidance of activity. In the short term, avoidance of activity may have the desired
effect of less pain due to the decreased load on the affected joint. However, in the
longer term, inactivity results in physical deconditioning, most notably muscle
weakness. Muscle weakness leads to an increase in limitations in activity [29].
Psychological distress (e.g., anxiety, depression, low vitality, and fatigue) is
associated with limitations in activity in OA [30, 31]. The avoidance model offers
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Fig. 6.1 The avoidance model

the following explanation for this phenomenon: it is hypothesized that psychological
distress strengthens the tendency to avoid activity and thereby induces limitations
in activity.
As shown in Fig. 6.1, the model hypothesizes an indirect relationship between
pain during activity and muscle weakness via avoidance of activity. Avoidance of
activity is hypothesized to mediate the relationship between pain and muscle
weakness. A mediator variable is conceptualized as the mechanism through
which one variable influences another variable [32, 33]. Likewise, the relationship
between psychological distress and muscle weakness is hypothesized to be
mediated by avoidance of activity, and the relationship between avoidance and
limitations in activity is hypothesized to be mediated by muscle weakness.
The avoidance model underwent some development over the past years. The
model that was published in 1993 included the constructs “pain,” “negative affect,”
“low activity level,” “muscle weakness,” “instability of joints,” and “disability”
[28]. In the version of the model that was published in 2002, the term “low activity
level” was replaced by the term “avoidance of activity,” the construct “negative
affect” was not used because negative affect was not evaluated in that study, and the
construct “pain-related fear” was added [29]. In the latest version of the model that
was published in 2012 [34], the terminology used was adapted to the International
Classification of Functioning, Disability and Health (ICF) of the World Health
Organization [35] (i.e., “limitations in activity” instead of “disability”). The construct “negative affect” was reintroduced, and the component “pain-related fear”
was excluded based on the reasoning that the expectation of pain is sufficient to
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induce avoidance of activity (see section “Similarities and Differences with the
Fear-Avoidance Model”). In addition, the circular structure of the model was
replaced by a linear one in order to avoid unnecessary features, which are not
empirically tested [34]. In the present chapter, the term “negative affect” is replaced
by “psychological distress”.

Similarities and Differences with the Fear-Avoidance Model
The fear-avoidance model, that was introduced by Vlaeyen et al. [17, 26, 27],
provides an explanation of how pain patients develop chronic pain. The model is
originally developed in low back pain; however, it is also applied to other chronic
pain populations. The model proposes that there are two ways to interpret
pain: threatening and nonthreatening (Fig. 6.2). Patients who interpret pain as
nonthreatening will quickly resume physical activity leading to fast recovery. On
the contrary, patients who interpret pain as threatening will end up in a vicious
circle in which pain catastrophizing leads to pain-related fear, avoidance, and
hypervigilance, with as consequence disuse, psychological distress, and limitations
in activity [17, 26, 27].
Both the avoidance model and the fear-avoidance model describe the development
of limitations in activity using the constructs pain, psychological distress, and
avoidance. The most important differences between the avoidance model and the
fear-avoidance model are (a) the absence of the term “pain-related fear” and (b) the
inclusion of the neuromuscular component “muscle weakness” in the avoidance model.

Fig. 6.2 The fear-avoidance model (Source: Vlaeyen JWS, Linton SJ. Fear-avoidance and its
consequences in chronic musculoskeletal pain: a state of the art. Pain 2000;85:317–332 [27])
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Pain-related fear was excluded from the avoidance model because it is hypothesized
that avoidance behavior is not always caused by fear, it can also be caused by
expectations. According to Bandura [36], outcome expectancy is defined as “a person’s
estimate that a given behavior will lead to certain outcomes” [36]. Efficacy expectancy
is the “conviction that one can successfully execute the behavior required to produce
the outcomes” [36]. Pain during activity is supposed to lead to avoidance of activity,
because one has the outcome expectation that renewed activity will result in more pain.
Efficacy expectations are so far not explicitly included in the avoidance model.
The neuromuscular component “muscle weakness” is explicitly included in the
avoidance model and plays a central role. This distinguishes the avoidance model
from other behavioral models in chronic pain. Whereas in the avoidance model the
emphasis is on the mediating roles of avoidance and muscle weakness, in the fearavoidance model the emphasis is on pain-related fear. Muscle weakness is also
implicitly included in the fear-avoidance model under the term disuse; however, it
has a much less central role [17].

The Components of the Avoidance Model
Below, we describe each of the components of the avoidance model and the
instruments used to assess the components.

Pain
Pain, the unpleasant sensory and emotional experience associated with actual or
potential tissue damage [37], is a main symptom of OA. It is a major reason for
visits to the general practitioner in OA patients and is the most important cause of
joint replacement surgery [38]. Initially, pain occurs after use of the affected joint
during physical activity and is relieved by rest [28]. In later stages of OA, pain may
also be present during rest [28, 39].
In OA, pain is usually measured with a visual analogue scale (VAS), a numeric
rating scale (NRS) or a validated questionnaire. A VAS consists of a horizontal line,
usually 100 mm in length, anchored by word descriptors at each end (“no pain” and
“extreme pain”). The patient is asked to mark on the line the point that indicates
pain intensity (at the present time, over the past week, etc.). The VAS score is
determined by measuring in millimeters from the left end of the line to the point
that the patient marks. An NRS consists of a horizontal set of numbers (0–10,
0–100, etc.), also anchored by word descriptors at each end. The patient is asked to
mark the number that indicates pain intensity. Both the VAS and NRS have been
shown to be reliable and valid measures of pain [40, 41]. Questionnaires that are
widely used to measure pain in OA patients are the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) [42] and the Short-Form 36 Health
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Survey (SF-36) [43]. The WOMAC is a self-administered disease-specific questionnaire that assesses pain, stiffness, and limitations in activity in knee and hip OA
using a battery of 24 questions [42]. The WOMAC is available in a 5-point Likert,
100-mm VAS, and 11-box NRS format and has been shown to be reliable, valid,
and responsive [42, 44]. Two of the five items of the pain subscale of the WOMAC
concern pain during activity (i.e., “How much pain have you had when walking on a
flat surface?” and “How much pain have you had when going up or down stairs?”).
The SF-36 is a generic questionnaire that assesses health-related quality of life
[43]. The questionnaire has been shown to be reliable, valid, and responsive in
different patient groups including OA [43, 44]. The pain subscale of the SF-36
consists of two items that are answered on a 5-point Likert scale [i.e., “How much
bodily pain have you had during the past 4 weeks?” and “During the past 4 weeks,
how much did pain interfere with your normal work (including both work outside
the home and housework)?”].

Psychological Distress
Psychological distress refers to a broad range of unpleasant mood states such as
depression, anxiety, low vitality, and fatigue. A depressed and anxious mood is
more prevalent in OA patients than in healthy persons [45, 46]. Likewise, fatigue is
common in OA [47]. Psychological distress has frequently been associated with
limitations in activity in OA patients [30, 34, 48–51]. Social withdrawal and
isolation are important consequences of psychological distress [52, 53]. In the
avoidance model, psychological distress is hypothesized to strengthen the tendency
to avoid activity.
Psychological distress is usually measured using self-administered
questionnaires. Questionnaires that are often used to measure psychological distress
in OA patients are: the Hospital Anxiety and Depression Scale (HADS) [54], the
Symptom Checklist-90 (SCL-90) [55] (i.e., a generic instrument that helps to
evaluate a broad range of psychological problems and symptoms of psychopathology), the Center for the Epidemiologic Studies Depression scale (CES-D) [56], and
the SF-36 [43] subscale for mental health. Fatigue is often measured using a VAS or
NRS. The opposite of fatigue, i.e., vitality, is frequently assessed with the vitality
subscale of the SF-36 [43].

Avoidance of Activity
Avoidance refers to behavior aimed at deferring or preventing an aversive situation
from occurring [17]. If physical activity causes pain, one will tend to avoid activity
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to prevent pain from occurring [18]. For example, if stair-climbing causes pain, one
will tend to take the elevator.
Avoidance of activity is commonly studied under the category “pain coping,”
defined as behavioral and cognitive attempts to manage or tolerate pain and its
effects [57]. Pain coping can be classified into active strategies such as relieving,
controlling, or functioning with pain, and passive strategies that include negative
self-statements about pain, catastrophizing (i.e., the tendency to focus on and
exaggerate the threat value of painful stimuli and negatively evaluate one’s ability
to deal with pain) [58], withdrawal, and avoidance of activity [57]. In the avoidance
model, the passive pain coping strategy “avoidance of activity” plays a key role; it
starts the process of physical deconditioning, which subsequently leads to
limitations in activity.
In most studies on avoidance behavior in OA patients, avoidance of activity is
measured using self-report questionnaires. So far, all studies aimed at validating the
avoidance model used the resting subscale of the Pain Coping Inventory [57] as
measure of avoidance of activity [29, 34, 59]. Physical activity is often measured
with the Physical Activity Scale for the Elderly (PASE): a brief self-report instrument for the assessment of leisure-time, household, and work-related physical
activity in older people [60]. However, it is generally agreed that assessment of
avoidance should strive to cover subjective and objective aspects of avoidance
behavior [27]. Thus, while self-report questionnaires are important, recordings are
also valuable in measuring avoidance of activity [27, 34]. An accelerometer can be
used to measure objective levels of physical activity [61]. The accelerometer is a
small device that is worn by the patient for a certain period. The device detects
accelerations, which are converted into activity counts per minute, indicating the
level of activity.

Muscle Weakness
Muscle weakness is a reduction in the strength of one or more muscles. Several
studies have demonstrated that quadriceps weakness occurs early in OA and is an
important determinant of limitations in activity [2, 6, 62, 63]. Enduring avoidance
of activity may result in physical deconditioning, which can be expressed in
muscle weakness, reduced aerobic fitness, and disordered muscle coordination
[17]. Muscle weakness is included in the avoidance model as measure of physical
deconditioning. It is hypothesized that muscle weakness mediates the association
between avoidance and limitations in activity.
The assessment of muscle weakness involves the measurement of muscle
strength of several muscle actions of different joints [6]. The large amount of
data resulting from these measurements is usually reduced into one or more sum
scores. Often muscle strength around the most affected knee or hip, or the average
muscle strength of the right and left leg, is used in the analyses. More information
on these sum scores and the measurement methods of muscle weakness used in OA

76

J.F.M. Holla et al.

patients is given in Chap. 5. In studies that examined the mediating role of muscle
strength in patients with knee OA, the average strength of the knee extensors
(quadriceps) and knee flexors (hamstrings) of the most affected leg is mostly used
as measure of muscle weakness [29, 34, 59]. One study examined the mediating
role of muscle strength in patients with knee or hip OA. In this study, the average
muscle strength of the knee extensors and hip abductors was used as measure of
muscle weakness in the analyses [59].

Limitations in Activity
Limitations in activity are defined as difficulties an individual may have in
executing activities in the ICF [35]. Limitations in activity are usually assessed
with self-report questionnaires (e.g., the physical function subscales of the
WOMAC and SF-36) and performance-based tests such as a 100-m walk test or a
stair climbing test.
More information on these measurement methods is already given in Chap. 5.
The avoidance model hypothesizes that prolonged avoidance behavior leads to
muscle weakness and thereby limitations in activity.

Related Constructs
Several studies have shown that besides pain, psychological distress, and avoidance
of activity, the concepts of self-efficacy [11–13] and pain-related fear [14–16]
might be relevant to explain limitations in activity in OA patients. These concepts
are not included in the avoidance model. Therefore, these constructs will be shortly
described here.
Self-Efficacy. Self-efficacy is part of the social cognitive theory that was founded by
Bandura [36]. According to this theory, the human behavior is greatly determined
by one’s expectations regarding specific behavior. A distinction is made between
outcome expectations (i.e., one’s estimate that a given behavior causes a certain
outcome) and efficacy expectations or self-efficacy. Self-efficacy is defined as the
conviction that one can successfully execute the behavior required to complete a
task or activity [12, 36]. Outcome expectations differ from efficacy expectations,
when a person expects that a particular activity will lead to a certain outcome but is
unsure that he/she is able to perform this activity. The level of self-efficacy
determines to what degree a person will devote his/her energy to accomplish a
task; it affects both the initiation and the persistence of coping behavior [36]. In OA
patients, self-efficacy is mostly measured with the Arthritis Self-Efficacy Scale
(ASES) [64]. The ASES is a disease-specific self-report questionnaire consisting of
20 items that assess the patient’s belief that he/she can complete tasks related to
physical function and pain or symptom management. The questionnaire consists of
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three subscales: physical function, pain, and other symptoms. The patients have to
rate how certain they are of their ability to complete a task or control pain or other
symptoms on a 100-mm VAS or NRS [64].
Pain-Related Fear. Pain-related fear, defined as the fear that emerges when stimuli
that are related to pain are perceived as a main threat, plays a central role in the fearavoidance model [17, 27]. It is suggested that pain-related fear contributes to
interindividual variations in pain in OA patients [15]. In OA patients, pain-related
fear is mostly measured with the Tampa Scale for Kinesiophobia (TSK) [65]: a
17-item self-report questionnaire that is aimed at the assessment of fear of (re)injury
due to movement [14].

Scientific Evidence for the Avoidance Model
Several studies have demonstrated direct associations between pain [3, 9, 34, 66, 67],
psychological distress [34, 66, 68], avoidance of activity [5, 10, 29, 34, 69], muscle
weakness [6, 9, 29, 34], and limitations in activity in knee OA patients. These
studies provide some support for the avoidance model. Stronger evidence has
been obtained in studies testing mediation and prognostic studies. Since the
introduction of the avoidance model in OA patients in 1992 [25], four such
studies were done [28, 29, 34, 59]. Besides these studies purposefully aiming at
validation of the avoidance model, several studies evaluated interrelationships
between components of the model, without explicitly testing the avoidance
model. These studies are summarized below.

Pain—Avoidance of Activity—Muscle Weakness
In the avoidance model, it is hypothesized that pain during activity leads to muscle
weakness via avoidance of activity (mediation of avoidance, see Fig. 6.1). In a
recent study, we verified and confirmed the validity of this hypothesis in patients
with early symptomatic knee OA [34]. In this cross-sectional study, among
151 patients we found that pain during activity was positively associated with
avoidance of activity, indicating that patients who reported higher levels of pain
were more inclined to avoid physical activity [34]. Avoidance of activity was found
to be negatively associated with muscle strength around the knee, indicating that
patients who reported higher levels of avoidance had weaker muscles. Pain was
found to be negatively associated with muscle strength, both directly and indirectly.
This finding indicates that patients who reported higher levels of pain had weaker
muscles, because these patients were more inclined to avoid activity. Because the
study was aimed at validating the whole avoidance model, the associations between
pain, avoidance, and muscle strength were examined in one structural equation
model together with psychological distress and limitations in activity (see Fig. 6.1).
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Psychological Distress—Avoidance of Activity—Muscle
Weakness
In the same study [34], psychological distress was measured with the subscales for
mental health and vitality of the SF-36 [43]. We found that avoidance of activity
indeed mediated the association between psychological distress and muscle strength.

Avoidance of Activity—Limitations in Activity
Steultjens et al. [5] examined the role of coping styles as predictors for pain and
limitations in activity 36 weeks later in 119 patients with knee OA. Avoidance of
activity was found to predict a higher degree of limitations in activity 36 weeks
later. Similarly, Pisters et al. [10] found that avoidance of activity was an important
predictor for limitations in activity over 5 years in 216 patients with knee OA.
Perrot et al. [70] reported a cross-sectional association between avoidance and
limitations in activity in 2,781 patients with knee OA. They also reported that
OA patients more frequently avoided activity than patients with rheumatoid arthritis [70]. These authors suggested that in OA patients, pain is increased by physical
activity, whereas in RA patients, pain mostly occurs in the morning and is usually
relieved by physical activity [70]. Several other studies have shown that OA
patients who use passive coping strategies such as catastrophizing, helplessness,
and avoidance of activity, report higher levels of pain and more limitations in
activity [4, 7, 15, 16, 71–77].

Avoidance of Activity—Muscle Weakness—Limitations
in Activity
Two cross-sectional studies examined the hypothesis that muscle weakness plays a
mediating role in the relationship between avoidance and limitations in activity in
knee OA patients [29, 34]. The first study was conducted in 107 patients with
clinical knee OA and a mean age of 69 years [29]. The second study was conducted
in 151 patients with early symptomatic knee OA with a mean age of 59 years
[34]. Both studies confirmed that avoidance leads to limitations in activity via
muscle weakness. The results of the second study support the assumption that the
relationships described in the avoidance model are initiated early in the disease
process, because in this stage patients experience activity-related pain for the first
time, leading to the described process of adaptation.
A limitation of both mentioned studies is that a cross-sectional design was used
to study a model describing longitudinal relationships. As a result, no causalities
can be implied. One study so far examined the mediating role of muscle weakness
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using a longitudinal design [59]. The study population of this study consisted of
216 patients with knee OA with a mean age of 66 years old. Measurements were
conducted at baseline, and after 1, 2, 3, and 5 years of follow-up. The data were
analyzed using generalized estimating equations (GEE) analyses. Avoidance of
activity was found to be negatively associated with muscle strength and to be
positively associated with limitations in activity. Muscle strength was found to
be negatively associated with limitations in activity. In an analysis with avoidance
of activity and muscle strength as independent variables and limitations in activity
as dependent variable, the impact of avoidance on limitations in activity was
reduced compared with an analysis with only avoidance of activity as independent
variable. These results confirm the mediating role of muscle strength in the association between avoidance and limitations in activity.
All three studies examining the mediating role of muscle strength in the avoidance model found that avoidance of activity was both directly and indirectly
associated with limitations in activity [29, 34]. This indicates that the association
between avoidance and limitations in activity is partly mediated by muscle weakness. Apparently, there are also other pathways via which avoidance of activity has
an influence on limitations in activity.

Other Behavioral Mechanisms
Resilience—Self-Efficacy—Pain and Limitations in Activity
Wright et al. [78] examined the association between psychological distress, resilience (i.e., vitality, positive effect, and extraversion), self-efficacy, pain, and
limitations in activity in 275 patients with early knee OA. They found that patients
who reported higher levels of self-efficacy reported less pain and limitations in
activity. In addition, they found that the effect of resilience on pain was mediated
by self-efficacy: greater resilience was associated with less pain and limitations in
activity via a higher level of self-efficacy [78]. Two other studies reported
associations between self-efficacy and pain [11] and limitations in activity
[11, 12]. Finally, an association between self-efficacy and psychological distress
has been shown; Maly et al. [79] reported a negative association between
depressed mood and self-efficacy.

Pain—Pain-Related Fear—Limitations in Activity
Heuts et al. [14] examined the associations between pain intensity, pain-related
fear, and limitations in activity in a sample of 254 patients with knee and/or hip
OA. They found that both pain intensity and pain-related fear were positively
associated with limitations in activity. Two other studies examined the association
between pain-related fear and limitations in activity in knee OA patients and found
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comparable results [15, 16]. Somers et al. [15] found that pain-related fear
explained a significant proportion of the variance in walking at a fast speed in
106 patients with knee OA. Sullivan et al. [16] found that pain-related fear was
associated with limitations in activity after total knee arthroplasty. However, after
adjustment for presurgical comorbidities, this association was no longer significant.

Hip Osteoarthritis
Muscle weakness as the explanation of the association between avoidance and
limitations in activity is not (fully) applicable to hip OA patients. Whereas the
knee joint is particularly stabilized by muscle strength, the stability of the hip joint
is to a large extent provided by its shape (i.e., ball and socket joint). Therefore, it is
hypothesized that muscle weakness plays a less important role in the development
of limitations in activity in hip OA patients than in knee OA patients. This
hypothesis was confirmed in a recent study in which the mediating role of muscle
strength in the association between avoidance and limitations in activity was
assessed in both patients with hip OA (n ¼ 149) and patients with knee OA
(n ¼ 216). The mean age of the study population was 66 years old. Measurements
were conducted at baseline, and after 1, 2, 3, and 5 years of follow-up, and the data
were analyzed using generalized estimating equations (GEE) analyses. In this
longitudinal study, the mediating role of muscle strength was confirmed in patients
with knee OA but not in patients with hip OA [59].
On the other hand, Pisters et al. [10] found that avoidance of activity is an
important predictor for limitations in activity in both hip and knee OA. Hawker
et al. [38] found that both hip and knee OA patients who experience intense,
unpredictable pain that affects their mood tend to avoid social and recreational
activities. Also, Rosemann et al. [80] found that more pain is associated with a
lower level of physical activity in hip OA patients. Finally, associations between
depressed mood [81, 82] and fatigue [83] and a lower level of physical activity in hip
OA patients are reported. Therefore, also in hip OA, there is evidence that avoidance
of activity plays a role. However, the mechanism via which avoidance contributes to
the development of limitations in activity in hip OA patients is not clear. Contrary to
in knee OA, it is less likely that muscle weakness plays a mediating role. Further
research is needed to explain the role of avoidance of activity in hip OA.

Conclusion and Unexplored Issues
The avoidance model is a behavioral model that explains how behavioral
mechanisms may lead to limitations in activity in knee OA patients. This chapter
described the avoidance model and reviewed the current scientific evidence for the
individual components of the model: pain during activity, psychological distress,
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avoidance of activity as a coping strategy, muscle weakness, and limitations in
activity. In addition, the associations between self-efficacy and pain-related fear
and limitations in activity were described.
It can be concluded that the results of the studies so far provide evidence for the
validity of the avoidance model as described in Fig. 6.1. Most evidence is obtained
from cross-sectional studies. There is a need for longitudinal studies to test the
causal relationships as described in the model. Furthermore, the indirect association
between pain and limitations in activity via avoidance and muscle weakness
accounts for a part of the total association between pain and limitations in activity
[29, 34]. This indicates that there are other pathways between pain and limitations
in activity than those hypothesized in the avoidance model. Alternative pathways
may involve poor voluntary effort [84] or low self-efficacy beliefs [29]. Likewise,
the indirect association between psychological distress and limitations in activity
accounts for part of the total association between psychological distress and
limitations in activity [34]. Again, this finding indicates that avoidance is not the
only mechanism explaining limitations in activity in knee and hip OA: avoidance is
one mechanism, among other mechanisms.
Because risk factors for functional decline differ between knee and hip OA
patients, it is likely that also the underlying mechanisms differ. Most studies
examining behavioral mechanisms leading to the development of limitations in
activity in OA focus on knee OA. As a result, in hip OA, less is known about these
mechanisms. Therefore, more research is needed in hip OA.
Knowledge of mechanisms leading to limitations in activity in OA patients is
important for improvement of targeted exercise interventions. For patients with
avoidance behavior, an intervention aimed at an increase in daily physical
activity using a cognitive-behavioral approach seems suitable [85]. This kind of
interventions will be described in Chap. 9.
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Part III

Exercise Therapy

Chapter 7

Regular Exercises in Knee and Hip
Osteoarthritis
Marike van der Leeden, Wilfred Peter, and Joost Dekker

Exercise consists of planned, structured, and repetitive bodily movement designed
to improve or maintain one or more components of physical fitness [1]. Performing
exercises and being physically active are key recommendations in current guidelines
for the management of osteoarthritis (OA) of the knee and hip [2–8]. In knee OA,
exercises have been found to relieve pain and to reduce activity limitations [9–11],
with small-to-moderate effect sizes. In hip OA, exercises are likely to be
effective, although limited evidence is available [12].
The present chapter provides information on regular exercises in knee and hip
OA, based on evidence from the literature. Regular exercises include exercises
aiming at improvement of muscle strength, aerobic capacity, flexibility, and daily
activities. Exercises can be performed under supervision (individually or in a
group) or unsupervised at home.

Muscle Strengthening Exercises
Muscle weakness is a common feature of knee and hip OA and has been found to be
strongly associated with limitations in daily activities [13, 14]. Likewise, muscle
strengthening exercises are regarded the most important component of exercise
therapy in patients with knee and hip OA and have been shown to reduce pain and
activity limitations in this group of patients [11, 12, 15].
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The focus in muscle strengthening exercises is primarily on two types of muscle
function. Muscular strength is the maximum amount of force a muscle or muscle
group can generate. Muscular endurance is the ability of the muscles to sustain
muscle action (a repeated action or a single static action). Low repetition, high
resistance training enhances strength development, whereas high repetition,
low-intensity training optimizes muscular endurance [16]. Exercises should be
performed 2–3 days a week on alternate days, using resistance adequate to induce
fatigue [17]. For knee and hip OA patients, muscle strengthening exercises focus
mainly on the quadriceps, hamstrings, and glutei muscles.
Strength gains are highly specific to the movement patterns used in training. For
maximum benefit, a resistant or weight-bearing training program should include
activities quite similar to those experienced as problematic in patient’s daily life.
For example, strength is needed to step on a high surface (e.g., getting into a bus or
train), whereas endurance of the muscles is needed for walking the stairs several
times a day. Thus, depending on the activity limitations experienced in daily life,
the content of the muscle strengthening training program should be established.

Aerobic Exercises
Aerobic exercises are aimed at improvement of the aerobic capacity, meaning an
improvement of the condition of the heart and lungs needed for an optimal oxygen
uptake of the muscles. In addition, improved circulation by aerobic exercises increases
nutrition of the muscles and thereby decreases muscle soreness after training [16].
Performance of aerobic exercises is associated with important health benefits for
the general population [1]. In OA patients, it has been shown that aerobic exercises,
in combination with muscle strengthening exercises, also reduce pain and activity
limitations [11, 12]. To improve aerobic capacity, the American College of Sports
Medicine (ACSM) guidelines recommend to exercise for 3–5 days a week at
70–85 % of age-predicted maximal heart rate at a duration on 20–30 min
[17]. Examples of aerobic exercises are bicycling, aquatic exercises, and walking.
These exercises can be performed safely by persons with symptomatic joints [1],
without increasing the risk of progression [18]. High impact exercises, such as
sports that require jumping (e.g., basketball, volleyball, and dancing) must be
performed with more caution since they may exacerbate pain and increase the
risks of injuries [19].

Flexibility Exercises
One of the consequences of OA is limited range of joint motion (ROM) caused by
joint stiffness and soft-tissue shortening. Limited ROM may lead to limitations in
performing daily activities such as walking [20].
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Flexibility exercises consist of ROM exercises and active stretching exercises.
ROM exercises are exercises in which the joint is taken in its full available range for
several times without holding the end position. In stretching exercises, gentle and
controlled tension is set on the targeted soft tissues and hold in the maximum
possible position [16]. Stretching exercises can be performed both actively (by the
patient itself) and passively (by the therapist). The ACSM guidelines recommend to
stretch for 10–30 s, 3–4 repetitions for each stretch, with a minimum frequency of
2–3 days a week [17].
The effectiveness of isolated flexibility exercises in knee and hip OA has scarcely
been studied. In an RCT, the effect of a manual therapy program on hip function was
found to be superior to an exercise therapy program with active and passive
stretching in patients with OA of the hip. Manual therapy is particularly aimed at
the improvement of elasticity of the joint capsule and the surrounding muscles and
includes manipulation and stretching techniques. Patients in the manual therapy
group had significantly better outcomes on pain, stiffness, hip function, and ROM,
although the exercise therapy group also improved on these outcomes [21].
Thus, flexibility exercises may lead to an increase in joint ROM and, in combination with other exercises, to a reduction of pain and activity limitations in knee
and hip OA. However, more research is needed to establish the effect of flexibility
exercises in OA patients.

Functional Exercises
Common activities that are limited in patients with hip and knee OA include
walking, stair climbing, rising up, and sitting down from a chair or bed and getting
in and out of a car. To improve activities in daily living, it is supposed to be important
to train the activities itself, besides training of functions related to these activities
such as muscle function, aerobic capacity, and flexibility [22]. An adequate performance of activities is not the product of the individual functions but the integration of
these functions in a certain activity (http://www.who.int/classifications/icf/en).
The level of difficulty of functional exercises can be increased during the
treatment period. For example, if a patient has problems climbing the stairs, the
first step in the functional training can be stepping on a small height. In the next
steps, the height can be increased as well as the frequency of stepping. In the final
step, the activity itself (stair climbing) in the patient’s own environment can be
practiced. Another example is functional training for a patient experiencing walking problems. First, walking exercises can be performed inside on a flat underground. Subsequently, different undergrounds can be used with increasing
difficulty; outdoors, on sand, in a forest, etc. Finally, the walking distance can be
extended, eventually leading to a better walking performance in daily life.
In conclusion, functional exercises should be an essential component of exercise
therapy in order to reduce patient-specific activity limitations in knee and hip
OA. Physical therapists play a crucial role in the assessment of activity limitations
and should adjust the exercise program accordingly.
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Exercise Delivery and Adherence
Exercises can be performed individually or in a group, with or without supervision
of a physical therapist. The effect of group exercises compared with individual
exercises has not been studied in OA. Supervised exercises were found to
be superior over home exercises in two studies with good methodological
quality [23, 24].
As adherence appears to be an important factor in long-term outcome from
exercise in knee and hip OA, strategies to improve adherence have been adopted
such as long-term monitoring [19]. Long-term effects on pain and activity
limitations were found in several RCTs in which additional booster sessions after
the period of exercise therapy were given [25]. Similarly, it seems of great importance to encourage patients to start recreational activities or sport after the period of
exercise therapy. However, some activities are likely to be harmful in the long term,
particularly those that involve high velocity impact (e.g., jumping and running) on
an already-injured joint surface; thus these should be discouraged [19]. Bicycling,
walking, and aquatic exercise are supposed to be safe for patients with knee and
hip OA.

Duration, Frequency, and Intensity of Exercises
Limited evidence is available for the optimal duration, frequency, and intensity of
exercises in knee and hip OA. With regard to the number of treatment sessions, the
only evidence comprises a comparison in the Cochrane review for knee OA
between the effect of treatment programs of less than 12 sessions and more than
12 sessions [11]. This comparison demonstrated a higher effect on activity
limitations for the program with more than 12 sessions. Similarly, little is known
about the optimal intensity and frequency of exercises in knee and hip OA. Only
one study compared the effect of high intensive cycling training with low intensive
cycling training on outcome in knee OA patients. No differences between the
groups were found in functional ability, pain, gait, and aerobic capacity
[26, 27]. Further research concerning the optimal duration, intensity, and frequency
of exercises in knee and hip OA is recommended.
In view of the heterogeneity of the group of OA patients, tailoring of exercises to
the characteristics of the individual patient seems important. To increase the effect
and to guarantee safety, physical therapists should be involved in the development
and evaluation of the exercise program, especially in patients with complex health
problems (i.e., patients with high pain scores, a high level of activity limitations
and/or comorbidities).
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Conclusion
Regular exercises in OA comprise exercises aiming at improvement of muscle
strength, aerobic capacity, flexibility, and daily weight-bearing activities. These
exercises have been found to be effective in reducing pain and activity limitations in
knee OA and are most likely to be effective in hip OA. The ACSM guidelines
provide preliminary guidance for determining the duration, frequency, and intensity
of an exercise program. However, more research is needed concerning the optimal
duration, intensity, and frequency of exercises in knee and hip OA. To increase the
effect and to guarantee safety, physical therapists should be involved in the development and evaluation of an exercise program, especially in OA patients with
complex health problems. Furthermore, it is recommended that a supervised exercise period is followed by booster sessions to preserve the achieved effect. Encouragement to be physically active should be incorporated in these booster sessions.
In addition to regular exercises, it may be necessary to target exercises to specific
patient characteristics to increase the effect of the exercise program. Recent research
suggests an important role of knee joint stabilization and avoidance of activities
in the development of activity limitations (Chaps. 5 and 6). Chapters 8 and 9
describe current evidence for exercise therapy targeting these factors.
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Chapter 8

Exercise Therapy Targeting Neuromuscular
Mechanisms
Jesper Knoop, Martijn P.M. Steultjens, and Joost Dekker

Exercise therapy is effective in patients with knee OA. In national [1] and
international guidelines for the treatment of knee OA [2–4], exercise therapy is
recommended. Exercise therapy predominantly aims to improve lower extremity
muscle strength. However, as mentioned in Chap. 7, only moderate effects of
exercise therapy in reducing pain and activity limitations have been demonstrated
at best [5]. Some persons do not seem to benefit from exercising. This suggests that
innovative exercise modalities need to be developed, not only targeting muscle
weakness, but also other, more specific mechanisms of activity limitations, for
instance neuromuscular mechanisms.
In this chapter, we first discuss the rationale of such innovative exercise
modalities that target neuromuscular mechanisms for patients with OA. Second,
an overview of different modalities of exercise therapy targeting neuromuscular
mechanisms and three examples of specific programs will be provided. Finally, we
summarize available evidence for the effectiveness of exercise therapy targeting
neuromuscular mechanisms in patients with OA and provide suggestions for
future work.
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Rationale
Lower limb muscle strength, proprioceptive acuity, and the passive restraint
system (i.e., ligaments and capsule of joint) of the knee joint are considered to be
essential for neuromuscular control of the knee [6–8]. Unfortunately, these factors
can be impaired in OA. A lack of neuromuscular control may cause instability of
the joint, which is experienced as a feeling of buckling, shifting, or giving way.
Recurrent episodes of instability may result in activity limitations [7–9]. To counteract instability, it is crucial that therapy focuses on factors involved in neuromuscular control.
In Chap. 5, it has been discussed that muscle strength alone, although a crucial
factor for joint stabilization, may not always be sufficient to maintain stability of the
joint. Poor proprioception, varus–valgus laxity (due to impaired passive restraint
system) and high varus–valgus motion of the knee joint during walking were found
to aggravate the impact of lower limb muscle weakness on activity limitations
[10–12]. This could imply that in the presence of poor proprioception, laxity, or
high knee motion during walking, muscle strengthening exercises may not be
sufficient to improve the performance of activities. Muscle strengthening of the
lower extremity may not result in improvements in performance of daily activities,
if neuromuscular control remains inadequate. Exercise therapy may therefore need
to target other factors involved in neuromuscular control, in addition to muscle
weakness. Furthermore, in order to perform high-intensity strengthening exercises
effectively and safely without risking knee injuries, adequate neuromuscular control might be essential. This implies that neuromuscular exercises need to precede
strengthening exercises. To conclude, exercise may need to target poor proprioception, laxity, and varus–valgus knee motion in the first phase of treatment in order to
optimize neuromuscular control of the knee. When this has been achieved, traditional muscle strengthening exercises can be added in the second phase. We discuss
this rationale in more detail below.

First Phase: Neuromuscular Training
In the first phase of the exercise program, neuromuscular training is provided.
Exercises aim at improving proprioceptive acuity, limiting the consequences of
impaired passive restraint system (laxity), and minimizing varus–valgus
movements of the joint. Quality of exercise performance is critical during neuromuscular training. Exercise intensity and difficulty can only be increased, when
quality of exercise performance can be sustained.
Two components of proprioception can be distinguished (1) the sensation or
awareness of joint motion or position in space and (2) the ability to actively control
joint motion or position. Both components of proprioceptive acuity can be trained,
in which the first might be required to improve the second. First, a patient needs to
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become aware of the position and movements of the knee during exercising as well
as during performance of daily activities. If awareness is improved, exercises can
also target the ability to actively control movements of the joint.
Enhanced proprioception, i.e., awareness and adequate control of knee position,
is also presumed to reduce the consequences of impaired passive restraint system,
i.e., laxity. In lax joints, sudden unintended movements of the joint may occur.
Since the structures involved in the passive restraint system (i.e., ligament and
capsule) are not presumed to be modifiable, compensating strategies are required
such as optimal awareness of movements of the joint and actively controlling joint
position by adequate muscle use.
Finally, the amount of varus–valgus (sideways) motion of the knee during
walking might be minimized by instructing the patient to focus on maintaining
neutral alignment of the knee joint, i.e., keeping the hip–knee–ankle joints in a
straight line, which corresponds to a neutral loading pattern of the knee joint. This
means that patients need to prevent varus and valgus malalignment during
exercising and in daily life. For this purpose, adequate proprioception and active
muscle control are necessary.

Second Phase: Muscle Strengthening Training
Muscle strengthening may only result in improvements in performance of daily
activities when neuromuscular control has been enhanced sufficiently. Furthermore, neuromuscular control is presumed to be essential for adequate and safe
performance of higher-intensity strengthening exercises. Therefore, neuromuscular
training is provided in the first phase, while muscle strengthening exercises are
given in the second phase. Muscle strengthening exercises can be gradually
increased in intensity. It is important to maintain neuromuscular control during
the program. This implies that in the second phase, exercises not only aim at muscle
strengthening but also focuses on neuromuscular mechanisms.

Modalities
Several programs for neuromuscular training have been developed. The basic
principle of neuromuscular training is that repetitively challenging an individual’s
ability to maintain static or dynamic control of knee joint results in enhanced
neuromuscular control and subsequently in improved knee stability [13].
Neuromuscular training can be subdivided into four different modalities.
(a)
(b)
(c)
(d)

General proprioceptive exercises
Balance and perturbation exercises
Agility exercises
Functional neuromuscular training
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We discuss each of these four modalities briefly. Additionally, we provide
three examples of exercise programs that are specifically developed to improve
neuromuscular control. In each of these programs, all four modalities are
incorporated.

General Proprioceptive Exercises
Proprioceptive exercises are coordinative exercises that specifically focus on a
patient’s ability to control and position the knee accurately. For this purpose,
instructions from the therapist and feedback by a mirror on knee position can be
provided. An example of a proprioceptive exercise is a “lunge” (forward) step,
in which a patient is instructed to stand in this position for a few seconds, while
maintaining knee position in line with ankle and hip (i.e., neutral alignment),
avoiding knee-over-toe position; the patient is instructed to prevent the knee
from buckling, giving way or shifting (see Fig. 8.1). Proprioceptive exercises
can be first provided under nonweight-bearing circumstances (hydrotherapy or
exercises in sitting position), while dynamic weight-bearing exercises are given
at a later stage.
Recently, a computer program for proprioceptive exercises has been developed
[14]. With this computer program, a patient is instructed to move a cursor on the
computer screen by moving his feet or leg in that direction, while not looking
directly at his legs. The patient receives feedback during this exercise from the
computer screen.

Balance and Perturbation Training
Balance training focuses on postural control during standing. Examples of balance
exercises are standing on one leg, standing with eyes closed, walking over a line, or
walking on a soft unstable surface. Perturbation training is balance training
incorporating the use of roller boards or wobble boards. This training modality is
frequently used in patients with knee injuries, for instance anterior cruciate ligament rupture [15]. Complexity of the exercise can be increased by providing double
tasks like counting or starting a conversation during the exercise. Three examples of
balance and perturbation training are provided in Fig. 8.2.

Agility Training
Agility training involves quick stops and starts, cutting and turning, and changes in
direction to expose patients to activities that challenge the knee to potentially
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Fig. 8.1 Lunge (forward step) in front of a mirror, focusing on neutral alignment of
hip–knee–ankle

Fig. 8.2 Three examples of balance and perturbation training (a) walking on soft unstable surface,
(b) standing balance on wobble board, and (c) “lunge” step on soft unstable surface
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Fig. 8.3 Functional training
of stair climbing and
descending

destabilizing loads. These exercises may help patients to learn to deal with potentially destabilizing loads when encountered in regular daily activities [15]. For
more challenging agility training, similar exercises can be provided on unstable
surfaces.

Functional Neuromuscular Training
In this modality, daily activities are trained that are relevant and problematic for a
patient, like walking, rising from a chair, or stair climbing (see Fig. 8.3). Functional
neuromuscular training aims at maintaining knee stability during these activities.
Episodes of knee instability mostly occur during walking [7], therefore gait training
is the main component of this modality. In most programs, functional neuromuscular training is applied in the last phase, as all components from earlier phases (i.e.,
proprioceptive training, muscle strengthening, and aerobic training) will be
integrated in this modality.

Neuromuscular Exercise Programs
STABILITY-Program
The STABILITY-program is an exercise program that specifically focuses on
neuromuscular mechanisms. The program has recently been developed in the
Netherlands for knee OA patients with instability of the knee joint. The
STABILTY-program is a 12-week program with supervised training sessions of
60 min twice weekly. The program consists of three phases [1] proprioceptive
training in the first phase [2], muscle strengthening in the second phase, and [3]
training of daily activities in the third phase (see Fig. 8.4). Each of these phases will
be described below.
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Fig. 8.4 Overview of STABILITY-program

Phase 1: Proprioceptive Training (Weeks 1–4)
In the first phase, exercises aim at improving the patient’s awareness of and control
over lower extremity movements, in particular movements of the knee. The physical therapist specifically focuses on neuromuscular control during exercises, by:
(a) Instructing the patient to look at his knees by promoting use of visual feedback
(by using a mirror)
(b) Instructing the patient to focus on knee position by promoting use of
proprioceptive stimuli
(c) Providing tactile feedback on knee position by manually moving a patient’s
knee in a neutrally aligned position
(d) Providing verbal feedback to the patient on knee position
(e) Continuously reminding the patient of the importance of focusing on controlled
performance of movements and neutral alignment
(f) Encouraging patients to perform exercises in a controlled fashion
In this first phase, only low-intensity exercises are provided. In the first week,
sessions are performed in a swimming pool, to minimize knee loading during
exercising. General education on osteoarthritis, information on the management
of the condition, and the rationale for the STABILITY-approach are provided in the
first phase as well.

Phase 2: Muscle Strengthening (Weeks 5–8)
In the second phase of the STABILITY-program, the focus shifts from neuromuscular training to muscle strengthening. The intensity of exercises and joint loading
is gradually increased each week but remains submaximal, with fatigue as primary
indicator of adequate intensity level. Although the focus has shifted to muscle
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strengthening, the therapist’s instructions and feedback remain focused on the
controlled performance of knee movements and on patient awareness of these
movements during the exercises.

Phase 3: Functional Training (Weeks 9–12)
The final phase of STABILITY-program mainly comprises training of the performance of daily activities, which are problematic and relevant for the patient, for
instance walking (on even or uneven surface), sitting on and rising from a chair
(high or low seat), and climbing and descending stairs. Patients receive instructions
on how to perform these activities most effectively and safely. Stability of the knee
has to be maintained during these activities. Muscle strengthening and aerobic
exercises are provided in addition to this functional training. Intensity of exercises
is gradually increased to the highest possible level; the (in)ability to perform an
exercise due to insufficient strength is the primary indicator for adequate intensity
level. However, therapist instructions and feedback remain focused on the quality
of exercise performance. Patients are encouraged to remain physically active in
daily life after completing the exercise program.

NEMEX Training Program
Another example of an exercise program targeting neuromuscular mechanisms is
the NEuroMuscular Exercise training program (NEMEX) [16]. This program has
been developed in Sweden for patients with severe knee or hip OA waiting for total
knee arthroplasty. The NEMEX-program is a supervised exercise program with
sessions of 60 min twice weekly. The number of weeks of training is approximately
12 weeks, depending on the length of the waiting list for surgery. Each training
session consists of three parts: a 10-min warming-up (ergometer cycle), a 40-min
circuit program, consisting of training of core stability/postural function, postural
orientation, lower extremity muscle strength and functional exercises, and a 10-min
cooling down (walking/stretching). Physical therapists supervising the sessions
emphasize the quality of the performance, by instructing the patient to achieve
neutral alignment of the lower limb, i.e., with the hip, knee, and foot well aligned.
When an exercise is adequately performed in a controlled manner and with minimal
exertion, progression in exercise intensity and difficulty can be achieved by
increasing the number of repetitions, varying the direction and velocity of the
movements, increasing the load, and/or changing the support surface. See Ageberg
et al. [16] for more detailed information.
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Neuromuscular Program for Early OA
A third example is a neuromuscular exercise program, which has been developed in
Sweden for patients with early signs of knee OA [17]. This exercise program
consists of two supervised sessions a week for 8 weeks, aiming at improving
lower extremity strength and neuromuscular control. Primary aim of the program
is to minimize knee joint loading. Each training session consists of a 10-min
warming-up (ergometer cycle or treadmill), four stations of neuromuscular and
hip/knee strengthening exercises, and stretching exercises for lower extremity
muscles. Exercises are performed with sustained neuromuscular control, i.e., without sudden changes in speed or direction. Furthermore, patients are instructed to
maintain neutral knee alignment throughout all exercises. Exercise intensity is
increased when exercises can be easily performed, i.e., without losing quality of
performance. Only if pain exceeds the level which the patient judges as acceptable
or if increased pain symptoms persist after 24 h, intensity will be lowered. Patients
are encouraged to maintain neutral knee alignment during physical activities in
daily life and to perform weight bearing, submaximal activities, such as walking, or
aerobics, for at least 30 min every day. See Thorstensson et al. [17] for more
detailed information.

Evidence for Effectiveness of Neuromuscular
Exercise Therapy
Exercise programs targeting neuromuscular mechanisms for knee OA patients have
been developed only recently. Therefore, limited evidence on the effectiveness of
these programs is available. Below, we summarize the existing evidence.
It is well known that exercise therapy has a beneficial effect on muscle strength.
Also proprioception can be improved by exercise therapy [18]. Several
explanations for the effects of exercising on proprioceptive acuity can be offered.
First, it is hypothesized that exercise increases mechanoreceptor sensitivity (muscle
spindle sensitivity in particular) [18]. Second, by increasing muscle mass, exercise
therapy might be able to increase the number of muscle spindle units [19]. Finally,
exercise therapy may reduce muscle fatigue and muscle contraction [19], which has
a positive effect on proprioceptive acuity [20, 21]. It is unknown which type of
exercises is most effective in improving proprioceptive acuity [22, 23], except for a
superiority of weight-bearing over nonweight-bearing exercises [24]. This superiority might be explained by the increase in intra-articular pressure, which plays a
role in the sensitivity of Ruffini nerve endings [24].
The effect of exercise on neuromuscular factors, other than muscle strength and
proprioception, has not been evaluated. The passive restraint system, i.e., ligaments
and capsule, is not presumed to be modifiable by exercising, while the effect on
varus–valgus knee motion during activities is unknown.
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Ageberg et al. [16] determined the feasibility of their neuromuscular exercise
program (NEMEX) in an uncontrolled pilot study. A total of 66 patients, scheduled
for total hip or knee replacement, participated in the study. The authors of this study
concluded that the NEMEX program was feasible in patients with severe knee
OA. Thorstensson et al. [17] investigated the effect of a 8-week exercise program of
neuromuscular and strengthening exercises on peak knee loading, in a uncontrolled
pilot study in 13 patients with early signs of knee OA. The program was found be
effective in reducing knee loading, but only during one-leg rising and not during
gait. Both studies pointed out that neuromuscular exercise programs can have
positive results. However, because no comparison was made with traditional
exercise therapy, conclusions on superiority of neuromuscular exercises over traditional exercises cannot be drawn. In contrast to these two studies, a research group
from Taiwan compared computerized proprioceptive exercises with strengthening
exercises, demonstrating similar effects of both programs [23]. Superiority of
proprioceptive training could not be demonstrated.
Three recent studies evaluated the combination of neuromuscular and muscle
strengthening exercises, in comparison to muscle strengthening exercises only
[25, 26]. Firstly, Diracoglu et al. [25, 27] compared an experimental program
consisting of kinesthesia (proprioceptive), balance, and strengthening exercises
with a control program consisting of muscle strengthening exercises only. Both
programs consisted of 24 supervised sessions in an 8-week period. Sixty female
participants were alternately allocated to either the experimental or the control
group in order of admission to the clinic (i.e., not at random). Both exercise
programs were found to be effective, with significantly better effects in the experimental group on self-reported activity limitations but not on self-reported pain.
Group differences on activity limitations were only small and presumably not
clinically meaningful. Remarkably, proprioceptive improvements were found to
be similar in the groups. Training intensity was higher in the experimental intervention, which possibly explains the group differences [27]. Because of the study
limitations, the study does not allow distinct conclusions. Secondly, in a larger
randomized controlled trial by Fitzgerald et al. [26], 183 knee OA patients were
treated with an experimental treatment of agility, perturbation, and muscle
strengthening exercises or with a control treatment of muscle strengthening
exercises only. Both exercise programs consisted of 12 supervised sessions in a
6–8-week period. Although both groups exhibited improvements in self-reported
activity limitations as well as in other outcomes, there were no differences between
groups. A limitation of this study is that only one-third of the participants reported
instability of the knee at inclusion, while two-thirds did not. This may have limited
the power of the study to demonstrate superior effectiveness of the combination of
neuromuscular and traditional exercise therapy. Thirdly, the effectiveness of a
neuromuscular exercise program, specifically targeting knee stabilization, in combination with muscle strengthening and functional exercises (i.e., STABILITYprogram, described in previous section) has been evaluated by our study group
[28]. In this randomized controlled trial, we specifically selected knee OA patients
with instability of the knee joint (n ¼ 159) who were randomized over two groups:
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the experimental group (n ¼ 80) receiving the STABILITY-program and the
control group (n ¼ 79) receiving muscle strengthening and functional exercises
only, for 12 weeks with two sessions a week. Although the STABILITY-program
was found to be highly effective in reducing activity limitations (30 % improvement), pain (40 % improvement), and self-reported knee stability (30 % improvement), no additional effect could be demonstrated compared to the control program.
These findings, together with the studies by Diracoglu et al. and Fitzgerald et al., are
indicative for a dominant role of muscle function in knee stabilization and highlight
the importance of exercises targeting muscle strength in patients with knee OA, also
in those with instability of the knee joint.
Studies on the effectiveness of neuromuscular exercises have only been
performed in patients with knee OA, while not in hip OA. Although it can be
presumed that neuromuscular mechanisms in knee OA patients also apply to hip
OA, specific programs have not been developed for this group of patients so far.
In conclusion, a limited number of studies evaluated the effectiveness of exercise therapy aiming at neuromuscular mechanisms in knee OA, while none of them
in hip OA. Neuromuscular exercise seems to be effective in reducing pain and
activity limitations. The additional effect of exercises targeting neuromuscular
mechanisms over traditional muscle strengthening programs has not been
demonstrated yet.
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Chapter 9

Exercise Aiming at Behavioral Mechanisms
Cindy Veenhof, Martijn Pisters, and Joost Dekker

Exercise therapy in osteoarthritis (OA) of the knee and hip has beneficial effects in
the short term. However, the effects seem to decline over time after discharge and
finally disappear in the long term [1]. Low exercise adherence rate is seen as one of
the main reasons for poor long-term effectiveness of exercise therapy. Furthermore,
stimulation of a physical active lifestyle seems important, since a lack of regular
physical activity is an important risk factor for functional decline in patients with
OA [2] (as described in Chap. 4). A lack of physical activity is partly caused by the
avoidance behavior of patients with OA who experience pain during activities.
Avoidance behavior is strengthened by negative affect (e.g., anxiety and depression)
(see Chap. 6).
Taking this in consideration, it is seems not sufficient to target exercise therapy
solely at improvement of impairments (e.g., muscle strength or range of joint
motion). Psychological or behavioral oriented interventions such as strategies to
improve pain coping and cognitive behavioral therapy can influence psychological
distress, pain, and activity limitations [3, 4]. Also, access to information, education,
and self-management approaches are included as core elements in the current
guidelines [5, 6]. Such approaches are known to improve self-efficacy, anxiety,
and depression [7].
Therefore, to enhance long-term effectiveness of exercise therapy, integration of
behavioral and/or self-management strategies into exercise therapy treatments seems
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a promising approach. In the last years, several of these integrated interventions have
been developed and studied in patients with OA of hip and/or knee. Three programs
are presented in this chapter to illustrate interventions, which integrate exercise
therapy with behavioral or self-management mechanisms.

Exercise Integrated with Behavioral or Self-Management
Mechanisms
There are several ways to integrate behavioral or self-management mechanisms in
exercise therapy treatment. The following three programs will be described: (1)
Behavioral Graded Activity (BGA), an intervention based on the concepts of
operant conditioning; (2) Enabling Self-management and Coping with Arthritic
knee Pain through Exercise (ESCAPE-knee pain), a cognitive behavioral therapy
intervention; and (3) The modified Arthritis Self-Management Program (ASMP),
a combination of a self-management program and exercise therapy.

Behavioral Graded Activity
Overview
BGA has been developed by Veenhof et al. [8] and is an individually tailored
exercise program for patients with OA. The intervention is directed at increasing
the level of activities in a time-contingent way, with the goal to integrate these
activities in the daily living of patients. Time-contingency management means that
the amount of activities/exercises is based on preset quotas and is not based on pain or
other tolerance factors. BGA is based on the concepts of operant conditioning (9, 10).
Essential features of the operant conditioning approach are positive reinforcement
of healthy behavior, and withdrawal of attention toward pain behavior. The BGA
treatment consists of three phases, namely the starting phase (weeks 1–4), treatment
phase (weeks 5–12), and integration phase (weeks 13–55). Patients are treated
intensively in the first 12 weeks (1 or 2 sessions per week), followed by booster
sessions in week 13–55. The duration of each treatment session is approximately
20–30 min.

Content of Intervention
Starting Phase. The starting phase consists of the usual physiotherapy diagnosis,
education, selection of activities and exercises, definition of treatment goals, and
determination of baseline values. The main educational message in the first weeks
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of treatment is that physical activity is beneficial (and not harmful) for patients with
OA and that avoidance of activities leads to activity limitations. In the starting
phase, the patient selects up to three activities, which are most problematic for him
or her (e.g., walking, climbing stairs, and gardening). On basis of the patient’s
impairments and choice of activities, the physiotherapist selects individually
tailored exercises to improve impairments (e.g., range of motion and muscle strength).
Initial baseline measurements are carried out in which the patient performs and
registers the activities. The patient exercises daily at home, to the limit of tolerance
(pain contingent), during a week. Next, the patient sets his/her treatment goals for
the selected activities. The physiotherapist acts as coach in the goal setting, since
it is important that the patient is intrinsically motivated to reach the treatment goal.
Treatment Phase. After the baseline measurements and the goal setting, an individually based scheme is made. In this scheme, the activities (and supporting exercises)
will be gradually increased, on a time-contingent basis, to reach the preset goals
during the treatment period. Quotas (for endurance time or repetitions) are systematically increased to enable the patient to reach his/her preset goals. To facilitate success
experiences at the start of treatment, the quotas start slightly under the mean baseline
value. The patient is instructed to perform activities according to the quotas, and
not to overperform or underperform the activities. In this way, there is a shift from
pain-contingency management during the baseline measurements in the starting
phase toward time-contingency management in the treatment phase.
To enhance the patient’s motivation, the physiotherapist gives positive reinforcement of physically active behavior and successful completion of the quotas.
The patient is advised to continue with his/her activities after the treatment phase.
It depends on the goals and the limitations in activities of the individual patient
whether the patient is advised to stabilize or to further increase his/her level of
activities to a new preset goal.
The gradual increase of activities is only interrupted if an active inflammatory
process is suspected or diagnosed (e.g., redness of knee, increase in knee effusion,
or comparable symptoms). When the symptoms of an inflammatory process have
disappeared, the patient will start again at a lower level of activities. In case of
recurrent inflammatory processes, the treatment goals need to be changed as well as
the individually based scheme.
Integration Phase. The ultimate goal of BGA is to integrate activities into
patients’ daily living and, thereby, to increase long-term effectiveness of exercise
therapy. However, this behavioral change cannot be performed in a short period of
12 weeks. Therefore, up to seven additional booster sessions are given in the
integration phase, respectively in week 18, 25, 34, 42, and 55. During these booster
sessions, the patient’s activity limitations and adherence to the activities are
evaluated. Furthermore, the physiotherapist supports and stimulates the patient to
continue with performing the activities and advises him/her how to integrate these
in daily living. In case the patient wants to deal with a new problematic activity, the
physiotherapist coaches him/her in performing a baseline measurement, setting
goals, and presenting the gradual increase in a scheme.
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Enabling Self-Management and Coping with Arthritic Knee
Pain Through Exercise (ESCAPE-Knee Pain)
Overview
The intervention ESCAPE-knee pain has been developed by Hurley et al. [11] and
aims to change the behavior of participants by challenging inappropriate beliefs
about their condition and physical activity, enabling self-management and encouraging physical activity. It is based on the principles of cognitive behavioral therapy
and is an integrated program, which can be delivered to either groups (of eight to
ten participants) or individually. In total, ESCAPE exists of 12 sessions, held twice
a week for 6 weeks. By the end of the program, participants have learnt how to
utilize physical activity to self-manage their symptoms.

Content of Treatment Sessions
Each rehabilitation session starts with 15–20 min of integrated patient education,
with self-management and pain-coping strategies. Sessions are interactive and
include active problem solving where appropriate. Each session has different
educational content and objectives. The content and aim of the education sessions
are topics like exercise beliefs, determination of personal objectives and goal
setting, home exercises, diet and healthy eating, drug management, pacing and
activity-rest cycling, managing flares in pain, and relaxation techniques.
In the next 35–45 min, an individualized progressive exercise program is
performed. The exercise specificity depends on the ability of participants and
their rate of progression and therefore varies between participants and within
participants over time. The complexity and intensity of the exercises are increased
through mutual agreement between physiotherapists and participants. The detailed
aims and content of ESCAPE have been published by Hurley et al. [11].

The Modified Arthritis Self-Management Program
Overview
The modified ASMP has been developed by Yip et al. [12] and is a combination of
the existing ASMP and an exercise program. It includes six 2-h classes, once a
week, with 10–15 participants, led by trained nurses.
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Arthritis Self-Management Program
The Arthritis Self-Management Program has been developed by Lorig et al. [13]
and is a six-session (2 h) health education program designed to help people better
understand their arthritis. It is based on Bandura’s concept of self-efficacy and
behavior change [14]. During these six sessions, the following topics are covered:
techniques to deal with problems such as pain, fatigue, social isolation, and frustration; appropriate exercises to maintain and/or improve strength, mobility, and
endurance; appropriate use of medication; effective communication with family,
friends, and health care providers; healthy eating; making well-informed treatment
decisions; disease-related problem solving; and getting a good night’s sleep.

Exercise Component
The exercise component of this program [12] consists of an action plan of three
types of exercise, namely stretching exercises, walking, and Thai Chi types of
movement. Before each class session, each participant is asked to set an action
plan on the three exercises. During the course, the action plans are reinforced and
promoted weekly. In each session, the group practices the stretching exercises
together. Thai Chi exercises are taught and reinforced for half an hour in each
session. To reinforce walking, a pedometer is given to the participants.

Effectiveness of Exercise Therapy Integrating Behavioral
or Self-Management Mechanisms
In this paragraph, the effectiveness of interventions, which integrate exercise
therapy with behavioral components and/or self-management, is described. First,
the effectiveness of BGA, ESCAPE, and the modified ASMP is presented. Thereafter, the effectiveness of similar interventions is described.

Behavioral Graded Activity
Veenhof et al. and Pisters et al. [8, 15, 16] compared BGA with usual physiotherapy
according to the Dutch OA guideline in 200 patients with OA of hip and/or knee.
Both groups showed beneficial within-group effects in the outcome measures pain
and limitations of activities, both in short and long term. In patients with knee OA,
no differences between treatments were found. In patients with hip OA, significant
differences in favor of BGA were found in the outcome measures pain and activity
limitations, both after 3 and 9 months.
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After 5 years, both interventions had similar beneficial effects on pain and
limitations of activities for both patients with hip and/or knee OA. However, for
patients with hip OA, BGA resulted in less joint replacement surgeries (after
5 years) compared to usual physiotherapy. Also, patients treated with BGA had
more beneficial effects on the level of physical activity and adherence to exercise.

ESCAPE-Knee Pain
The effectiveness of the ESCAPE-knee pain intervention was investigated among
418 patients with chronic knee pain. Six months after completing the ESCAPEknee intervention, participants had significantly less limitations in activity, less
pain, and more improvement in psychosocial outcomes compared to usual physiotherapy [11]. Mode of delivery—individual or group treatment—did not have
impact on outcome. After 12 months, the beneficial effects of ESCAPE-knee pain
and usual physiotherapy were similar. However, the health care costs of ESCAPEknee pain was lower which made ESCAPE-knee pain more cost-effective [17].
After 30 months, ESCAPE-knee pain still resulted in less activity limitations and
less costs [18].

Modified ASMP Intervention
The modified ASMP intervention was compared to usual care (as prescribed by
orthopedic doctor or outpatient clinic) in patients with OA of the knee. After
16 weeks, the participants of the modified ASMP intervention showed significantly
more beneficial effects on pain, amount of physical activity, activity limitations,
and self-efficacy compared to the control group [12]. After 12 months, significant
differences were still found on the outcome measures pain and self-efficacy [19].

Further Evidence on Integrated Interventions
A systematic review has been performed on the effectiveness of combined exercise
and self-management regimens in the management of lower limb OA [20]. Studies
were excluded from this review if the exercise element consisted of merely advice
to exercise and/or if the self-management consisted of written instruction alone
and was nonparticipative. In total, ten studies were included in this review.
It was concluded that these interventions reduced pain and improved activity
limitations. The exercise interventions mainly consisted of a variety of lower
limb strengthening, stretching, mobilizing, and balance exercises. One study
included a walking program. Six interventions lasted 6–8 weeks, three interventions
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lasted 10–12 weeks, and one intervention continued for 18 months. Interventions
were delivered to individuals or small groups, at home or in clinics or community
centers. The content of the self-management component generally included
advice and education on OA, healthy lifestyles (regular exercise/physical activity,
healthy diet, and healthy weight) and pain-management techniques and varied in
duration (from minimal instruction/education to 12 sessions). Two interventions
were based on the ASMP. The self-management program was delivered by a
variety of healthcare professionals including nurses, physiotherapists, and GPs.
The control interventions varied from no intervention to GP care and education.
In spite of the variety in interventions and the methodological flaws (such as low
statistical power and short follow-up), meta-analyses showed significant beneficial
effects of integrated exercise/self-management interventions on pain and activity
limitations [21].
Several other studies have been performed on the effectiveness of integrated
interventions, not included in the review. A chronic disease management program,
using a group-based, cognitive-behavioral approach, including sessions on goal
setting, pacing, symptom management, exercises and education about OA, resulted
in moderate improvements in pain, activity limitations, and self-efficacy in patients
with severe knee OA. Unfortunately, the results were not compared to a control
group [22].
The exercise and behavior-change program Fit and Strong! was compared to the
Arthritis Handbook and exercise advice in patients with knee or hip OA. Beneficial
results for Fit and Strong! were found on pain and limitations of activities, selfefficacy, exercise adherence, and performance measures after 12 months [23].
Murphy et al. [24] reported the results of an Activity Strategy Training (AST),
which is a structured rehabilitation program, designed to teach adaptive strategies
for symptom control and engagement in physical activity and is taught by occupational therapists. The effects of AST were investigated in a pilot study involving
51 patients with knee or hip OA. In the short-term AST resulted in higher levels of
physical activity compared to exercise plus health education. Although not statistically significant, participants of AST showed more improvement in pain and
activity limitations. No differences were found for self-efficacy. Future studies
are needed to examine larger samples and long-term effects of AST.
A pilot study was performed on the effects of an exercise-based rehabilitation
program (including supervised exercises and education, coping, and selfmanagement) in patients with hip OA. Immediately following rehabilitation, all
outcome measures improved, although these improvements diminished after
6 months. There were no differences compared to usual GP care [25].
A comparison of strength training, self-management, and the combination
(strength training and self-management) was made in 201 patients with early OA
of the knee [26]. After 24 months, the three groups showed beneficial effects in pain
and activity limitations; there were no significant differences between the groups.
Hay et al. [27] compared community physiotherapy (consisting of advice about
activity and pacing and an individualized exercise program) with control (advice
leaflet reinforced by telephone call) in patients with knee pain (including patients
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with knee OA). After 3 months, beneficial effects were found for pain and activity
limitations. However, these effects disappeared in the long term.

Conclusion
In the last decade, interventions integrating behavioral strategies with exercise
therapy treatments have been developed and evaluated. Despite heterogeneity of
the interventions, it can be concluded that these integrated programs reduce pain
and activity limitations in patients with hip and knee OA. All studies indicated
beneficial effects in the short term, but the majority of studies also found
improvements in the long term.
Considering the avoidance behavior of a large group of patients with OA, it is
interesting whether these integrated interventions are also successful in reducing
avoidance of activity behavior in this patient population. There are indeed
indications that an integration of behavioral mechanisms and exercise therapy
treatment has positive effects on patients’ physical activity behavior. All three
studies that included physical activity as outcome measure found beneficial effects
on physical activity in favor of the integrated interventions [8, 12, 16, 19, 24].
An interesting question is whether integrated interventions have more beneficial
results compared to exercise therapy or self-management interventions alone. Only
a few studies have made such a comparison. The conclusions of these studies were
diverse. Considering the BGA and ESCAPE interventions, the integrated
interventions had a better outcome on activity limitations than exercise therapy.
On the other hand, the integrated interventions resulted in a similar reduction of
pain as exercise therapy. Moreover, Hurley et al. [21] compared the results of a
meta-analysis of interventions integrating self-management within exercise therapy
and the results of a meta-analysis of exercise therapy alone. These authors
concluded that these types of interventions lead to similar outcomes on pain and
activity limitations. However, existing studies investigating the effectiveness of
integrated exercise therapy appeared to be very heterogeneous; several studies were
underpowered or of low quality. To get more insight in the effectiveness of
interventions integrating exercise therapy and self-management/behavioral
mechanisms, high-quality studies need to be performed.
The implementation of integrated programs needs some further consideration.
Some programs seem to be rather complex and time-consuming creating a barrier to
implementation [21]. It is currently being explored whether interventions based on
web-based applications or booklets can replace psychological counseling or selfmanagement training. Integrated programs would become more feasible if exercise
could be effectively combined with web-based applications or booklets. Costeffectiveness studies with long-term follow-up assessments are needed to investigate which delivery mode is most effective for patients with OA.
Physiotherapists need appropriate training in order to be able to successfully
implement integrated programs. They need training in basic counseling skills.
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They also need to understand and accept their role as coach of the patient, providing
nondirective counseling instead of directive treatment. The role as coach is quite
different from the role as therapist, which is traditionally being taught to
physiotherapists. Finally, physiotherapists need to have some basic understanding
of psychological disorders; they need to be able to recognize these disorders and
they need to know when to consult a psychologist or psychiatrist [28]. Developing
appropriate training in the skills required for integrated programs is a major future
challenge.
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Chapter 10

Comorbidity, Obesity, and Exercise Therapy
in Patients with Knee and Hip Osteoarthritis
Mariëtte de Rooij, Willem F. Lems, Marike van der Leeden,
and Joost Dekker

Comorbidity in OA
Comorbidity is highly prevalent in patients with knee and hip osteoarthritis (OA) [1].
Feinstein defined comorbidity as “any distinct additional clinical entity that has
existed or that may occur during the clinical course of a patient who has the index
disease (i.e. osteoarthritis; italics added) under study.” Studies have reported
comorbidity rates of 68–85 % [2–5]. Comorbidities that often occur next to OA
are cardiac diseases, hypertension, respiratory diseases, diseases of eye, ear, nose,
throat and larynx, urogenital diseases, overweight/obesity, low back pain, and
endocrine and metabolic diseases [1, 2, 5, 6]. OA patients frequently suffer several
comorbidities [4].
Comorbidity in patients with knee and hip OA is associated with more
limitations in daily activities, e.g., walking, stair climbing, and rising up from of
a chair. A limited number of studies have addressed the impact of comorbidities on
activity limitations and pain. Van Reeuwijk et al. [7] reported that several
categories of comorbidity are associated with more activity limitations: musculoskeletal disorders (chronic low back pain or hernia, arthritis of hands or feet, and
other rheumatic diseases); non-musculoskeletal disorders (diabetes and chronic
cystitis); sensory impairments (dizziness in combination with falling, and visual
and hearing impairments); and finally overweight and obesity. Cardiac diseases
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[2, 5, 8] and depression [9] are also associated with more activity limitations.
Comorbidities that are associated with pain include musculoskeletal disorders
(arthritis of the hands or feet, and other rheumatic diseases) and diabetes [7]. It is
also known that patients with generalized OA report more pain than patients with
hip or knee OA alone [10].

Comorbidity and Exercise
Exercise therapy is one of the key recommendations in current guidelines for the
management of OA [11–16]. Exercise therapy is effective in relieving pain and
improving daily functioning in patients with knee OA [17, 18] and most likely also
for hip OA [19]. For patients with knee or hip OA, regular exercise therapy consist
of exercises aimed at strengthening lower-limb muscles, improving aerobic capacity, range of knee joint motion (ROM), joint stability, and training of daily activities
like walking, stair climbing, and transfers. An extensive description of training
modalities in patients with OA is given elsewhere in this volume (see Chap. 7).
The presence of comorbidity may limit the application of exercise therapy. In
fact, in clinical practice patients with (severe) comorbidity are often not referred for
exercise therapy, or drop out at an early stage of treatment and/or are treated
inadequately. Therapists often reduce the intensity of the treatment to a level
where it is unlikely to be effective, as protocols and guidelines do not offer advice
concerning comorbidity-associated adaptations [11–16].
When comorbidity is present, it may be necessary to adapt the OA exercise
program in order to avoid serious adverse events and to increase the effectiveness of
exercise. In some cases, exercise may be fully contraindicated. For example, an
absolute contraindication for exercise therapy is a resting systolic blood pressure of
200 mmHg or a diastolic blood pressure of 115 mmHg [20]. In other cases,
exercise is possible, if exercise is tailored to the condition of the patient. For
example, in patients with OA and COPD, interval training may be indicated instead
of endurance training because of dyspnea.
A few studies have evaluated the effects of exercise in patients with OA and
comorbidity. Two studies [21, 22] reported on predictors of the outcome of exercise, concluding that comorbidity is related to a poor treatment outcome. In
contrast, in the FAST study, secondary analyses indicated that the presence of
comorbidity did not substantially affect the outcome of the exercise program on
physical performance [23]. However, as in many other studies, patients with severe
comorbid diseases were excluded from participation in that study.

Restrictions and Contraindications
Our research group has identified contraindications and restrictions for exercise in
common comorbidities in OA [24]. Contraindications are defined as conditions
fully precluding the application of exercise therapy: the patient should be excluded
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from exercise therapy. For example, pneumonia or exceptional loss of bodyweight
is an absolute contraindication for exercise in patients with COPD. Restrictions are
defined as conditions limiting the application of exercise therapy, necessitating
adaptations to the therapeutic protocol. For example, in patients with chronic heart
failure, breathlessness and fatigue disproportional to the level of exertion should be
avoided by adapting the training intensity, because of the risk of cardiac
decompensation [25].
We have searched the literature for restrictions and contraindications for exercise therapy in highly prevalent comorbidities in OA. It was found that cardiac
diseases, hypertension, type 2 diabetes, and COPD are associated with restrictions
resulting mainly from physiological impairments. This group of comorbidities has a
high risk of exercise-related adverse events. For example, in patients with coronary
heart disease with unstable angina patient safety during exercise therapy cannot
always be guaranteed, resulting in an absolute contraindication for exercise therapy.
A restriction to exercise consists in patients with diabetes because of an increased
risk of wounds due to sensibility loss of the feet; closed kinematic chain exercises
may be contraindicated; open kinematic chain exercises may be indicated to relieve
stress and pressure on the feet. Within this group of comorbidities, the intensity of
training needs to be adapted to allow safe and effective exercise. With appropriate
adaptations, it is likely that patient safety can be ensured and adverse events
prevented.
Obesity is associated with restrictions resulting from physiological and psychological impairments and behavioral barriers. For example, a physiological restriction in these patients is a poor thermoregulation during exertion. During warmer
climatic conditions, the exercise program should be adapted by reducing the
training intensity.
Low back pain, chronic pain syndromes, and depression are associated mainly
with psychological and behavioral restrictions to exercise therapy. This group of
comorbidities has a low risk of adverse events; restrictions to OA exercise are more
related to psychological or behavioral barriers, e.g., avoidance of exercise. Within
this group of comorbidities, adaptations should be made by using a time-contingent
approach, which focuses on improvement of activities in daily life and not on
pain relief.
Visual and hearing impairments result predominantly in environmental
restrictions to exercise. In this group of comorbidities, adaptations should be
made by changes in equipment, conditions (e.g., lighting), or treatment location.

Adaptations in Exercise Therapy in Patients
with Knee OA and Comorbidity
OA exercise can be tailored to the comorbidity by adapting duration, frequency,
intensity, or type (content) of the exercise therapy. The exact adaptation of exercise
depends on the nature and severity of the comorbidity and the restrictions for
exercise therapy, as identified by the physical therapist in the diagnostic phase.
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We have developed comorbidity-adapted exercise protocols for comorbidities
that are highly prevalent in OA and have impact on pain and daily functioning:
cardiac diseases, hypertension, diabetes type 2, obesity, chronic obstructive pulmonary disease (COPD), depression, chronic pain, low back pain, and visual or
hearing impairments.
Guidelines on exercise therapy in cardiac diseases [26, 27], diabetes [28], and
COPD [29], nonspecific low back pain [30] have been issued. These guidelines
describe the preferred approach toward the physiotherapeutic diagnosis and treatment (i.e., exercise). The principles described in these guidelines have been
incorporated into the comorbidity-adapted exercise protocols for OA. For example,
in patients with OA and cardiac diseases, the aerobic training intensity can be set by
using heart frequency or rate of perceived exertion (scale 6–20).
In the protocol on exercise in OA patients with comorbidity, adaptations are
made in the diagnostic and intervention phase of exercise therapy.
The Diagnostic Phase. The diagnostic phase consists of anamnesis, physical
examination, and the establishment of treatment goals and determination of the
treatment strategy. During anamnesis, OA-related problems and comorbidityrelated restrictions and contraindications for exercise therapy are identified.
A clinical decision is made whether physical examination is possible or whether
the referring physician has to be consulted first, because of contraindications for
physical examination or the need for additional medical information. With respect
to the latter, test results of an exercise symptom limited test may be required for
patients with heart failure to establish the training intensity.
If there are no contraindications for physical examination, an examination is
performed concerning impairments and activity limitations related to both OA and
comorbidity. For example, it may be needed to test the sensibility of the feet in
patients with diabetes type 2. Subsequently, a clinical decision is made whether
there are contraindications or restrictions to exercise therapy. If there are contraindications for exercise, the patient is referred back to the specialist. If there are
restrictions related to comorbidity, a comorbidity-adapted program is indicated. In
this phase, the therapist may also consider whether consultation of other disciplines
is indicated, e.g., a dietician, psychologist, or occupational therapist. For example,
this might be a consultation of a dietician for patients with overweight or obesity.
Intervention Phase. In the intervention phase, exercise programs are tailored to
the comorbidity by adapting duration, frequency, intensity, and type of exercise
therapy. The exact adaptation depends on the restrictions for exercise therapy
identified by the therapist in the diagnostic phase. Comorbidity may necessitate
several different or even contradictory adaptations in exercises. The inherent
variation and complexity of comorbidities make tailoring of treatment a requirement, based on clinical reasoning. The specific options for adaptations to OA
exercises are listed in the protocol and are summarized below.
Comorbidities like cardiac disease, hypertension, type 2 diabetes, and COPD are
mostly associated with restrictions resulting from exercise-related physiological
impairments. Within this group of comorbidities, adaptations are made to OA
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exercise programs by reducing intensity or duration of aerobic, strengthening,
and/or functional exercises. Our protocol describes how the individual maximum
training capacity of the patient can be reached in patients with cardiac disease,
hypertension, diabetes, or COPD.
In patients with obesity and high levels of pain in the knees or hips, adaptations
in weight-bearing exercises may be indicated. Also, reduced-intensity aerobic
exercises may be indicated in this population because of shortness of breath as a
result of deconditioning. The reduction of exercise intensity, coupled with adequate
hydration during exercise, is of great importance in warmer climatic conditions
because of impaired thermoregulation. Finally, the provision of information about
the importance of weight reduction, and stimulation herein, are important (possibly
under supervision of a dietician).
Nonspecific low back pain, chronic pain syndromes, and depression are
associated with psychological and behavioral restrictions to exercise therapy.
Within this group of comorbidities, a behavioral approach is indicated. In a timecontingent manner, the amount of physical activity can be gradually increased
combined with a gradual increase in the level of regular OA exercise, e.g.,
strengthening exercises of the lower limbs. In addition, patients receive education
about pain and coaching on how to cope with stress and fear of movement. Further,
a positive attitude toward physical activities is encouraged.
Visual and hearing impairments result predominantly in environmental
restrictions to exercise. Within these comorbidities, environmental restrictions
lead to adaptations in training equipment, treatment location, training conditions
(e.g., lighting), and changes in the way patients are handled, e.g., using more
manual guidance, and checking whether or not the patient has understood the
information.
Our comorbid-adapted protocols were evaluated in a pilot study on patients with
knee OA and comorbidity. The protocol appeared to be useful in clinical decision
making for the diagnostic and treatment phase in patients with knee OA patients
with comorbid diseases; therapists indicated that the protocol helped them to tailor
the exercise program to the individual capacity of the patient. No adverse events
occurred. Quantitative evaluation of the treatment outcome showed improvements
of activity limitations and pain. However, further studies are needed to confirm and
expand our findings.

Exercise Therapy in Patients with OA and Overweight
or Obesity
Several studies have evaluated the effectiveness of weight loss and physical activity
in patients with knee OA and overweight. Weight reduction using a diet has been
proven to be effective and is recommended in national and international guidelines
in knee OA patients [31, 32]. In patients with hip OA, this recommendation is based
on expert opinion, as no studies are yet available. In a systematic review [33], it is
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concluded that weight loss results in decreased pain and improved function, most
notably when a diet is combined with physical exercise [34, 35]. In this review, the
authors also suggest that weight loss of >5 % within a 20-week period is related to
symptomatic relief. Weight loss under supervision of a dietician seems to be more
effective than just giving dietary advice [36].

Conclusion
Comorbidity is highly prevalent and is associated with more activity limitations
and pain in patients with knee or hip OA. We have developed comorbidityadapted exercise protocols, which support the therapist in tailoring the OA exercise
program to the individual capacity of the patient. We are currently evaluating the
impact of these protocols on activity limitations and pain in OA patients with
comorbidity.
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Chapter 11

Summary and Future Directions
Joost Dekker

Summary
Epidemiology and Therapeutic Options
Osteoarthritis (OA) is a major public health problem, with ~16 % and ~9 % of
the adult population older than 45 years suffering from symptomatic OA of the
knee and hip, respectively. OA is major cause of pain and activity limitations.
Therapeutic options include nonpharmacological, pharmacological, and surgical
interventions. Nonpharmacological interventions are of great importance, since
drugs that slow disease progression are not available. Furthermore, pharmacological therapy frequently leads to side effects, while surgical intervention is being
reserved for end-stage OA. This makes exercise therapy stand out as one of the
major nonpharmacological interventions. Exercise therapy is advised in all major
OA-treatment guidelines.

Functional Decline: Risk Factors and Explanatory
Mechanisms
The progression of pain and activity limitations in OA is slow but highly variable.
The progression varies: some patients show functional decline, other patients are
stable, while still other patients seem to improve.
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Fig. 11.1 Neuromuscular factors and activity limitations

Because of this variability, identification of risk factors for functional decline is
of utmost importance. Risk factors for functional decline include impairments of
body functions (pain, muscle weakness, proprioceptive inaccuracy, joint laxity,
joint instability, impaired range of joint motion, and overweight), comorbidity,
personal factors (age, intoxications, health behavior, coping, self-efficacy, and
psychological distress), and environmental factors (social support). The predictive
value of impairments of body structures (degeneration of cartilage and bone) is
not clear.
The neuromuscular model aims to explain the impact of some of these neuromuscular factors risk factors (see Fig. 11.1). Muscle weakness is a crucial factor
in the explanation of activity limitations in OA. Muscle weakness is thought to
have a direct impact on activity limitations. Muscle weakness may also have an
indirect impact on the performance of activities, through instability of the knee
joint. Poor proprioception, joint laxity, and varus–valgus motion of the knee joint
during walking may interact with muscle weakness, leading to joint instability and
thereby activity limitations. Several studies support the validity of the neuromuscular model.
The avoidance model aims to explain the impact of psychological factors on
functional decline, in particular the impact of psychological distress (anxious or
depressive mood, and fatigue; see Fig. 11.2). OA patients tend to avoid activity, as
physical activity causes pain. In the short term, avoidance of activity may have the
desired effect of less pain. However, in the longer term, inactivity results in muscle
weakness and activity limitations. Psychological distress is hypothesized to
strengthen the tendency to avoid activity, thereby inducing more activity
limitations. Findings from several studies indicate that the avoidance model offers
a valid explanation of the impact of psychological distress on activity limitations.
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Fig. 11.2 Avoidance and activity limitations

Exercise Therapy
Exercise therapy includes exercises aiming at improvement of muscle strength,
aerobic capacity, flexibility, and daily activities. Exercises can be performed under
supervision (individually or in a group) or not-supervised at home. In knee OA,
exercise therapy has been found to relieve pain and to reduce activity limitations.
In hip OA, exercise therapy is likely to be effective, although limited evidence is
available.
Although clearly effective, the effect size of exercise therapy is small to moderate.
Neuromuscular exercise therapy aims to improve the outcome by addressing neuromuscular factors, other than muscle weakness. Neuromuscular exercise targets
factors, such as poor proprioception, laxity, and uncontrolled motion of the knee,
aiming at improved neuromuscular control. Modalities of neuromuscular exercise
include agility, balance, and pertubation training. Neuromuscular exercise seems
to be effective in reducing pain and activity limitations. The additional effect of
exercises targeting neuromuscular mechanisms over traditional muscle strengthening
programs has not been demonstrated yet.
Exercise therapy combined with psychological interventions aims at improved
outcome by targeting psychological distress, cognitive factors, or improving
self-management. These psychological factors are hypothesized to contribute to
functional decline. Interventions combining psychological strategies with exercise
therapy reduce pain and activity limitations in patients with hip and knee OA.
The combined interventions seem to result in similar reductions of pain and activity
limitations as regular exercise therapy. Given the limitations of existing studies,
further research on combined interventions is indicated.
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Comorbidity and overweight may limit the application of exercise therapy.
In clinical practice, patients with (severe) comorbidity are often not referred for
exercise therapy, drop out of treatment or are treated inadequately. Therapists often
reduce the intensity of the treatment to a level where it is unlikely to be effective.
Some comorbid conditions constitute an absolute contraindication for exercise
(e.g., very high blood pressure). In other cases, comorbidity results in restrictions,
which limit the application of exercise therapy; these restrictions may be overcome
by adaptations to the exercise protocol. Adaptation of duration, frequency, intensity, or type (content) results in safe and effective exercise therapy in OA patients
with comorbid conditions.

Future Directions
Neuromuscular Factors
In the neuromuscular model, muscle weakness is regarded the central determinant
of activity limitations. Substantial evidence from cross-sectional studies supports
this hypothesis. Surprisingly, little evidence from longitudinal studies on the role of
muscle strength is available. There is a strong need for longitudinal studies in this
area. In addition, more detailed knowledge on muscle strength and function in relation
to activities in OA is needed; for example, which muscles are affected in OA, and
how much strength is needed to perform activities? Furthermore, knowledge is needed
on determinants of muscle weakness; for example, we have recently found an association between low-grade inflammation and muscle weakness in OA [1]. This finding
opens interesting perspectives on inflammation as a potential factor in muscle weakness in OA.
Instability of the knee seems a major determinant of activity limitations. This
conclusion is based on cross-sectional studies, indicating the need for longitudinal
studies in this area as well. Even more importantly, current measurements of
instability rely almost exclusively on self-report. Measures not relying on selfreport would obviously contribute strongly to scientific progress in this area.

Avoidance
Substantial evidence supports the avoidance model as an explanation of the impact
of psychological distress on activity limitations in knee OA; each of the steps in
the model (i.e., the interrelationships between components of the model) is
supported by scientific research. The cross-sectional nature of most studies is a
major limitation, however. Cross-sectional studies do not allow causal interpretations. To further justify the causal claims of the avoidance model, evidence
from longitudinal studies is required. Some evidence from longitudinal studies
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does support the avoidance model, which is encouraging. Longitudinal research on
the interrelationships between components of the model is clearly a crucial next
step in the validation process of the avoidance model.
Another major comment concerns the explanatory power of the avoidance
model. The model explains part of the variance in activity limitations in knee
OA. This indicates that there must be other pathways than those hypothesized in
the avoidance model. Some of these pathways may involve the avoidance model.
For example, low self-efficacy is associated with a higher level of limitations in
activity; low self-efficacy may strengthen the tendency to avoid activity, which
leads to a higher level of limitations in activity. Other psychological pathways, not
involving avoidance of activity, may exist as well. Future research could explore
these alternative pathways explaining limitations inactivity.
Finally, the avoidance model concerns limitations in activity in knee OA.
Whether the avoidance model is a valid explanation of limitations in activity in
hip OA is largely unknown. Future research could focus on the validity of the
avoidance model in hip OA.

Exercise Therapy
Better understanding of neuromuscular factors, behavioral factors, and comorbidity
may contribute to the development of more effective exercise therapy. Knowledge
on the causes of activity limitations in OA may be used to develop exercise
therapy targeting specific neuromuscular, behavioral, or comorbidity-related
factors. This strategy has been shown productive; exercise programs focusing on
specific neuromuscular, behavioral, or comorbidity-related factors have been developed. The effectiveness of these programs has been demonstrated. However, the
superiority of these programs over traditional exercise therapy is less clear. This
observation points to the need to refine the theoretical explanations of activity
limitations; the need to empirically test these explanations and adapt theoretical
models based on the empirical results; and the need to derive even more specific
exercise programs from these improved theoretical models.
Novel approaches toward exercise therapy are indicated as well. For example,
the combination of optimized pain medication with exercise therapy might be
indicated in some patients. High levels of pain preclude exercise and physical
activity in some patients; in these patients, pain medication may have to be
optimized before patients are able to exercise. Safety and effectiveness of this
approach needs to be investigated.
Finally, subgroups (phenotypes) of knee OA patients with various patterns of
activity limitations and factors contributing to activity limitations have been
observed [2]. It is very likely that exercise therapy needs to be tailored to
characteristics of various subgroups of OA patients.
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