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Objectives: To establish the relative effectiveness and
cost of providing a home-based exercise programme
versus home-based exercise supplemented with an 
8-week class-based exercise programme.
Design: The trial was a pragmatic, single-blind
randomised clinical trial accompanied by a full
economic evaluation. 
Setting: Patients were randomly allocated to either
home-based exercise or home exercise supplemented
with class exercise programmes. 
Participants: A total of 214 patients, meeting the
American College of Rheumatology’s classification of
knee osteoarthritis, were selected from referrals from
the primary and secondary care settings.
Interventions: Both groups were given a home
exercise programme aimed at increasing lower limb
strength, and endurance, and improving balance. 
The supplemented group also attended 8 weeks of
twice-weekly knee classes run by a physiotherapist.
Classes represented typical knee class provision 
in the UK.
Main outcome measures: Assessments of locomotor
function, using a timed score of three locomotor
activities, walking pain and self-reported disability with
the Western Ontario and McMaster’s Universities
osteoarthritis index (WOMAC) were made. General
health, lower limb strength, range of movement and
compliance with exercise were also measured. Patients
were assessed before and after treatment, and also at
6- and 12-month follow-ups. The economic evaluation
looked at health service resource use and assessed
cost-effectiveness by relating differential costs to
differences in quality-adjusted life-years (QALYs) based
on patients’ responses to the EuroQol-5 Dimensions.
Data were obtained at baseline, 1 month, 6 months

and 12 months through face-to-face interviews and,
where appropriate, examination of hospital medical
records.
Results: Patients from the supplemented group
demonstrated significantly greater improvement in
locomotor function and decrease in pain while 
walking at all follow-ups. The supplemented group 
also demonstrated smaller but significant improvements
in balance, strength, WOMAC score, and the 
physical function and pain dimensions of the Short
Form-36. However, not all of these improvements
were maintained over the 12-month follow-up 
period. There was no evidence that compliance 
with the home exercise programme was different 
or that total costs or mean QALY gains were
significantly different between the groups. However,
costs were slightly lower and QALY gains slightly higher
in the group with the supplementary class-based
programme. The economic evaluation suggests that
supplemented programmes are likely to be considered
cost-effective, although there is uncertainty around this
estimate, with approximately 30–35% probability that
the intervention would not be cost-effective. 
Conclusions: The supplementation of a home-based
exercise programme with a class-based exercise
programme led to superior improvement in the
supplemented group. These differential improvements
were still evident at review 12 months after 
treatment had ceased. The additional cost of the
supplemented group was offset by reductions in
resource use elsewhere in the system. Compliance
with the home exercise programme did not differ
between the groups. Based on this evidence, the
supplementation of a home-based exercise 
programme with an 8-week class-based exercise
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programme can be confidently expected to produce
small improvements in locomotor function and clinically
important reductions in pain. It is recommended that
future research investigates methods of increasing

compliance with home exercise programmes and
evaluates the impact of these interventions in the
primary care setting, where most patients with knee
osteoarthritis are managed. 
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ACR American College of
Rheumatology

ALF Aggregate Locomotor Function

AP anteroposterior

BMI body mass index

BSR British Society for
Rheumatology

CEAC cost-effectiveness acceptability
curve

CI confidence interval

CIH change in health score

EQ-5D EuroQol 5 Dimensions

EV energy/vitality

Freq. frequency

GMean ratio ratio of geometric means

HP health perception

ICC intraclass correlation
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ICER incremental cost-effectiveness
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ICIDH International Classification of
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ITT intention to treat

LVCF last value carried forward

MAR missing at random 

MCID minimal clinically important
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MH mental health
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NMB net monetary benefit

NSAID non-steroidal anti-
inflammatory drug

P pain

PF physical function

QALY quality-adjusted life-year

RCP Royal College of Practitioners

RCT randomised controlled trial

RLM role limitation – mental

RLP role limitation – physical

SCICSTTT Standing Committee for
International Clinical Studies
Including Therapeutic Trials

SD standard deviation
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SF social functioning

SF-36 Medical Outcomes Study Short
Form 36 Health Survey

SRM standardised response mean
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WOMAC Western Ontario and
McMaster’s Universities
osteoarthritis index
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Background
Exercises that strengthen the lower limb
musculature have been shown to produce
improvements in pain and locomotor function in
patients with knee osteoarthritis. Physiotherapists
often provide home- and class-based exercise
programmes for patients with knee osteoarthritis;
however, the effect of supplementing home-based
exercise with class-based exercise has not been
established.

Objectives
The study aimed to establish the relative
effectiveness and cost of providing a home-based
exercise programme versus home-based exercise
supplemented with an 8-week class-based exercise
programme. 

Methods
Design
The trial was a pragmatic, single-blind
randomised clinical trial accompanied by a full
economic evaluation. 

Subjects and setting
The subjects were 214 patients, meeting the
American College of Rheumatology’s classification
of knee osteoarthritis, selected from referrals from
the primary and secondary care settings. Patients
were randomly allocated to either home-based
exercise or home exercise supplemented with class
exercise programmes. 

Interventions
Both groups were given a home exercise
programme aimed at increasing lower limb
strength, and endurance, and improving balance.
The supplemented group also attended 8 weeks of
twice-weekly knee classes run by a physiotherapist.
Classes represented typical knee class provision in
the UK.

Main outcome measures
Assessments of locomotor function, using a timed
score of three locomotor activities (walking,

transferring and stair time), walking pain and self-
reported disability with the Western Ontario and
McMaster’s Universities osteoarthritis index
(WOMAC) were made. General health, lower limb
strength, range of movement and compliance with
exercise were also measured. Patients were assessed
before and after treatment, and also at 6- and 
12-month follow-ups. The economic evaluation
looked at health service resource use and assessed
cost-effectiveness by relating differential costs to
differences in quality-adjusted life-years (QALYs)
based on patients’ responses to the EuroQol-5
Dimensions. Data were obtained at baseline, 
1 month, 6 months and 12 months through 
face-to-face interviews and, where appropriate,
examination of hospital medical records.

Results
Analysis involved the use of a longitudinal linear
model analysis of covariance. Patients from the
supplemented group demonstrated significantly
greater improvement in locomotor function and
decrease in pain while walking at all follow-ups.
Pooled estimates of effect were –2.9 seconds [95%
confidence interval (CI) –1.8 to –4.0] for
locomotor function and 14.9 mm (95% CI –11.7 to
–18.1) for walking pain, representing between-
group differences of 12% and 27%, respectively.
The supplemented group also demonstrated
smaller but significant improvements in balance,
strength, WOMAC score, and the physical function
and pain dimensions of the Short Form-36 
(p < 0.05). However, not all of these
improvements were maintained over the 12-month
follow-up period. There was no evidence that
compliance with the home exercise programme
was different or that total costs or mean QALY
gains were significantly different between the
groups. However, costs were slightly lower and
QALY gains slightly higher in the group with the
supplementary class-based programme. Thus, for
most reasonable values of a decision-maker’s
willingness to pay for an additional QALY, the
addition of the class-based programme is likely to
be cost-effective. There is considerable uncertainty
around this estimate and a probability of
approximately 30–35% that the intervention is not
cost-effective.

Health Technology Assessment 2004; Vol. 8: No. 46

ix

© Queen’s Printer and Controller of HMSO 2004. All rights reserved.

Executive summary



Conclusions
The supplementation of a home-based exercise
programme with a class-based exercise programme
led to superior improvement in the supplemented
group. These differential improvements were still
evident at review 12 months after treatment had
ceased. The additional cost of the supplemented
group was offset by reductions in resource use
elsewhere in the system. Compliance with the
home exercise programme did not differ between
the groups. 

Implications for the health service
Based on this evidence, the supplementation 
of a home-based exercise programme with an 
8-week class-based exercise programme can 
be confidently expected to produce small

improvements in locomotor function and 
clinically important reductions in pain. 
Cost-effectiveness is somewhat less certain,
although at levels of willingness to pay for an
additional QALY of greater than £10,000, the
probability that supplemented programmes would
be cost-effective is around 70%.

Recommendations for future
research
It is recommended that future research
investigates methods of increasing compliance
with home exercise programmes and evaluates the
impact of these interventions in the primary care
setting, where most patients with knee
osteoarthritis are managed.

Executive summary
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Introduction to osteoarthritis
Osteoarthritis is the single most important cause
of disability and limitation of activity in elderly
people in the UK.1 The knee is the most often
affected weight-bearing joint;2 consequently, knee
osteoarthritis is an extremely common cause of
severe pain and disability in the community.3 One-
third of people 63–94 years of age are affected by
knee osteoarthritis that often limits the ability to
rise from a chair, comfortably walk and use stairs.4

In addition, knee osteoarthritis causes knee pain
that can range from mild to extreme severity.5

“Osteoarthritis can be defined as a slowly
progressive monoarticular disorder of unknown
cause and obscure aetiology. The condition occurs
late in life, principally affecting the hands and
large weight-bearing joints, and is characterised by
pain, deformity, enlargement of the joints and
limitation of motion. Pathologically the disease is
characterised by focal erosive lesions, cartilage
destruction, subchondral cyst formation and large
osteophytes at the margins of the joint”.6

Features of osteoarthritis have been described
across the animal phylogenic spectrum, in birds,
reptiles and mammals. It is ubiquitous to the
natural world.7 Osteoarthritis is one of the
leading causes of disability in western
industrialised countries and is associated with
significant health and welfare costs.8 At a personal
level, the indirect costs of osteoarthritis are
considerable. It is responsible for losses in work
and social activities and for difficulties in
performing self-care tasks.8

Epidemiology of knee osteoarthritis
It is estimated that, in the UK, 7.5% of people
over the age of 55 years have some knee pain and
disability associated with radiographic evidence of
osteoarthritis, and that 2% have severe problem.9

The largest and most comprehensive radiological
study undertaken was performed in the Dutch
district of Zoetermeer, where over 6000 subjects
were surveyed.10 The authors demonstrated that
prevalence of knee osteoarthritis in women rose
from around 5% in the 60–70-year age group to
over 25% in the 80 years and older group. In men
prevalence remained around 5% from 60 years

upwards. Knee osteoarthritis was significantly
more prevalent than hip or distal interphalangeal
joint osteoarthritis. 

One recent study11 reviewed the literature
regarding incidence and prevalence of knee pain,
disability and radiographic osteoarthritis in the
general population, and also data related to
primary care consultations. The authors found
that during a 1-year period 25% of people over 
55 years had experienced a persistent episode of
knee pain, of whom about one in six had
consulted their GP about it. The authors
concluded that the prevalence of painful disabling
knee osteoarthritis in the UK for people over 
55 years was 10%, of whom one-quarter were
severely disabled.

Burden of the disease
Community-based studies have shown that joint
pain and disability in older people depend as
much on factors such as depression and isolation
as they do on the severity of joint damage.12 Most
mild osteoarthritis does not progress to severe
joint damage requiring surgery;13 however, the
economic cost of knee osteoarthritis has been
commonly estimated by analysis of numbers of
total knee replacements performed annually. This
does not provide a representative picture of the
costs of knee osteoarthritis as only one major
direct cost to healthcare providers is evaluated. 

The costs of physiotherapeutic management of
knee osteoarthritis are unknown. Physiotherapy
treatment for knee osteoarthritis is commonly
provided on an individual or a class-based basis
and home exercise programmes are most
commonly provided for patients.14 Although the
provision of treatment in classes enables more
patients to be treated in the available time than
individualised treatment, the costs and economic
benefits of physiotherapy treatment for knee
osteoarthritis have not been established. As the
prevalence of knee osteoarthritis is likely to
increase in the future, with the shift in the
population demographic towards an ageing
population,15 these costs could be considerable.

Direct costs or healthcare utilisation and
expenditure due to osteoarthritis are high. Each
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GP in the UK can expect approximately 117
consultations annually involving osteoarthritis,
with 35 of these involving people consulting with
this problem for the first time.16 In 1996 nearly
35,000 total knee replacement (TKR) operations
were performed in the UK.17 Two-thirds of these
operations were for the treatment of knee
osteoarthritis.9,18

Osteoarthritis is so common in the developed
world that it is the fourth highest impact condition
in women and the eighth most important in
men.19 In the USA osteoarthritis was second only
to ischaemic heart disease as the primary
diagnosis leading to the awarding of Social
Security Disability Insurance benefits.20 In the
1996 annual report of the Chief Medical Officer of
the Department of Health,21 20% of all reported
causes of disability were found to be arthritic in
nature, while in a self-reported disability
population survey, osteoarthritis was involved in
the disability reported by 25% of 60–74-year-olds
and by 65% of over-75-year-olds.22 Population
forecasts predict substantial increases in the
elderly population over the next 30 years,22 with
life expectancy increasing to 85–87 years by the
middle of the twenty-first century.15 There is an
increase in incidence and prevalence of knee

osteoarthritis with increasing age, and these two
factors combined will lead to an exacerbation of
the economic burden of managing knee
osteoarthritis.20

Current treatment of knee
osteoarthritis
Several eminent clinical bodies have produced
guidelines for the treatment of knee osteoarthritis.
In 1993 the joint working group of the British
Society for Rheumatology (BSR) and the Royal
College of Physicians (RCP) published guidelines
for the management of hip and knee
osteoarthritis.23 The American College of
Rheumatology (ACR) published guidelines for the
medical management of knee osteoarthritis in
1995 and updated these guidelines in 2000.24,25 In
2001 the task force of the Standing Committee for
International Clinical Studies Including
Therapeutic Clinical Trials (SCICSTTT) produced
European League Against Rheumatism (EULAR)
recommendations for the management of knee
osteoarthritis.26 These guidelines placed emphasis
of treatment on patient education, pain relief and
exercise. The management options recommended
by the groups are listed in Table 1.

Introduction: osteoarthritis of the knee

2

TABLE 1 Non-surgical management of knee osteoarthritis

ACR BSR/RCP EULAR SCICSTTT

Pharmacological
Non-opioid analgesics Analgesics Analgesics (paracetamol)

NSAIDs NSAIDs NSAIDs

Opioid analgesics

Topical analgesics Topical analgesics

Intra-articular steroid injections Intra-articular steroid injections Intra-articular steroid injections
Hyaluronic acid Hyaluronic acid

Non-pharmacological
Patient education Patient education Patient education
Self-management programmes

Weight loss Weight reduction Weight reduction

Stretching Exercise physiotherapy Stretching

Quadriceps strengthening exercises Quadriceps strengthening exercises

Assistive devices for ambulation Assistive devices for ambulation

Joint protection and energy conservation
Assistive devices for function Modification of mechanical factors Modification of mechanical factors 
Aerobic exercise programmes (footwear, stick use) (footwear, stick use)

NSAID, non-steroidal anti-inflammatory drug.



Rehabilitation treatment of knee
osteoarthritis
Physical treatments, provided by therapists, are
advocated in the management of knee
osteoarthritis by the BSR, the ACR and the
SCICSTTT.23–26 Physiotherapeutic treatment,
particularly exercise, has been part of the
management of knee osteoarthritis for over a
century,27 and in a recent study was shown to be
the second most frequently prescribed treatment
for knee osteoarthritis after oral medication.28

Patient education programmes
There is some evidence that health promotion,
teaching self-care skills and methods of modifying
risk factors have a beneficial influence on patients
symptoms and progress of the disease.29 In a recent
study,30 211 inner-city patients were randomly
allocated to either an education programme or a
standardised public education video on arthritis.
The patients receiving the education programme
had significantly lower pain and function scores
throughout the year of postintervention follow-up.
The authors followed up this study in 1999 with a
paper describing the cost utilisation savings of the
programme and concluded that 80% of the initial
outlay costs for the programme would be recouped
by reduced primary care utilisation.31 A similar 
UK-based arthritis self-management study also
demonstrated significant reductions in reported
pain, fatigue and anxiety at 4-month32 and 
12-month follow-up.33 Osteoarthritis sufferers made
up 44% of the sample population. A recent Dutch
study demonstrated that health education in
combination with an exercise programme
significantly reduces pain and increases self-efficacy
and knowledge in patients with knee
osteoarthritis.34

Educational advice is considered essential by the
ACR, the BSR and the RCP,23–26 and is considered
by patients to be an important part of
management.28 Educational components are
commonly included in knee osteoarthritis treatment
programmes provided by physiotherapists.14,35

Exercise treatment
Exercise is the only physical modality that has
been consistently found to be of value in
osteoarthritis.36 It is recommended in the
management of knee osteoarthritis by all
professions involved in the rehabilitation of
sufferers,23–25,37,38 and promoted by arthritis
charities as a valuable treatment to patients.39

Four eminent professional bodies have produced
treatment guidelines that recognise the

multidimensional causes and effects of knee
osteoarthritis. These bodies have recommended a
multidimensional treatment approach that
emphasises education, self-care management,
simple drug therapy and particularly exercise for
the majority of patients who have not progressed
to severe disease.23–26 When a clinical presentation
is varied the treatment goals for health
professionals and patients are also varied. The
many treatments of knee osteoarthritis are
ubiquitously aimed at reducing symptoms and
regaining function, as no treatment has been
shown to ‘cure’ the condition.40 Recently, a shift in
treatment paradigm has been recommended from
the overemphasis of drug therapy towards more
education, self-management and exercise-based
therapies in the treatment of less severe knee
osteoarthritis.23,25,26,41,42

Effects of exercise in arthritis
Several studies have indicated that people with
osteoarthritis or rheumatoid arthritis demonstrate
lower levels of muscle strength,43 aerobic
conditioning44 and functional range of
movement45 than the healthy population. Arthritis
is a highly prevalent condition that leads to pain
and disability. A significant portion of the
disability is due to loss of physical capacity, which
is in part correctable through exercise training
programmes.46 After several years of investigation,
the principle that exercise offers benefit to
arthritis patients is under little debate.47,48

Several studies have demonstrated effective
reduction of pain and anxiety with improved
endurance and aerobic fitness after aerobic
exercise programmes.49–51 Other studies have
shown similar degrees of improvement in the
same outcomes with progressive resistance training
programmes.52–56 Improvement in walking ability
has ranged from 16 to 27%,50,57 with pain
reduction ranging from 9 to 33%.37,58

Exercise and knee osteoarthritis
Exercise therapy has formed one of the mainstays
of treatment for knee osteoarthritis for many
years. Numerous authors have investigated the
treatment of knee osteoarthritis with exercise in
the past 20 years, with varying conclusions.
Questions have been asked about the effectiveness,
efficacy and safety of exercise therapy for
treatment of knee osteoarthritis. These questions
have been prompted by the need for rigorous
randomised controlled trials (RCTs) establishing
causal relationships between exercise treatment
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and the pain and functional incapacity suffered by
patients with osteoarthritis of the knee. In recent
years RCTs have been conducted that, when
collectively analysed, go some way to answering
some of these questions.3,57 It would appear that
exercise therapy is beneficial for patients suffering
from knee osteoarthritis. However, the degree to
which exercise is beneficial varies according to the
exercise programme undertaken.37,59

Exercises have been used for the treatment of
osteoarthritis of the knee for many years.27 The
evidence provided by the literature reviewed
suggests that exercise provision for patients with
knee osteoarthritis reduces the pain experienced
and the functional incapacity suffered by a small
to moderate degree.60 The improvements
experienced following exercise treatment decline
with time, but may still be evident at follow-up, up
to 18 months post-treatment.57 Exercise treatment,
be it non-weight bearing or weight bearing, has
only a small risk of exacerbating the patient’s
symptoms or causing injury when provided by
trained professionals.60 Furthermore, there is no
evidence that moderate-intensity weight-bearing

exercises, of the type provided in hospital-based
settings, accelerate the disease process.60

Following a recent systematic review of the
available literature,61 it would appear that the
recommendation of exercise treatment for patients
with osteoarthritis of the knee should be
supported. Furthermore, those exercises that are
weight bearing, function mimicking and
strengthen the quadriceps femoris muscle group
are the most effective forms of exercise to provide.
Many of the trials in the literature are flawed and
more work is required to establish optimum types,
frequency, duration, intensity and the settings of
exercise programmes for patients with knee
osteoarthritis. What is specifically unknown is
whether exercise should be performed by patients
individually, at home, or undertaken in a class-
based setting. In addition, what are the long- and
short-term effects of supplementing a home-
based, individual exercise programme with class-
based exercise, which is common clinical practice
by physiotherapists in the UK? In Chapter 2 the
methods of a study aimed at answering these
questions will be described.

Introduction: osteoarthritis of the knee
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Need for the study
From an analysis of the available literature, it was
evident that an important question regarding the
effectiveness of exercise in the treatment of knee
osteoarthritis remained unanswered. The
effectiveness of the common clinical practice of
supplementing a home exercise programme with a
class-based exercise programme had not been
established. The provision of exercise is the most
common method of managing knee osteoarthritis
patients by physiotherapists.14 However, the lack
of evidence to guide provision of exercise
represents a significant problem for patients and
clinicians, as best practice has not been established
and thus current treatment provision may not be
effective or clinically efficient.

From consultations with clinicians in the field, it
became apparent that the supplementation of a
class-based exercise programme with a home
exercise programme is the clinical practice of UK
physiotherapists. Physiotherapists do not teach
patients to exercise in classes and then not
recommend that they exercise at home.
Physiotherapists either give patients solely home
exercise or the home exercises supplemented by a
‘knee class’ programme. Not recognising this
practice would have compromised the external
validity of the design and resulted in a trial that
had little impact on clinical practice. Thus, a
pragmatic design was chosen to evaluate the
relative effectiveness of the two methods of
provision.

Aims and objectives
Aims of the study
� To compare the clinical effectiveness and cost-

effectiveness of supplementing a home exercise
programme with a class-based exercise
programme against home exercise alone, in the
treatment of knee osteoarthritis.

� To evaluate the effect of the two interventions
on compliance with home exercise.

Objectives of the study
� To establish the size of any mean difference

between the interventions on measures of

locomotor function, pain, general health and
physical impairment.

� To establish the effect of the two interventions
on compliance with home exercise at follow-up.

� To assess the cost-effectiveness of the
programme and to estimate the probability of
each intervention being cost-effective at various
levels of decision-makers’ willingness to pay
(WTP) for a quality-adjusted life-year (QALY).

Primary research question
Does supplementing a home exercise programme
with a class-based programme result in greater
improvement in walking pain and locomotor
function 12 months after the end of contact with
the physiotherapist?

Design
There is general consensus that RCTs provide the
most secure basis for valid causal inferences about
the effects of treatment.62,63 There are two main
types of RCT: explanatory and pragmatic.
Explanatory trials are natural extensions of
laboratory studies and evaluate the efficacy of one
treatment compared with another, investigating
the mode of action of a treatment in detail.
Pragmatic trials evaluate the effectiveness of a
treatment policy rather than the treatment itself;
they are not concerned with how the treatment
works but whether it works in clinical practice, and
allow for the variations between subjects that occur
in real clinical situations.64 This trial was a
pragmatic investigation of the relative effectiveness
of two commonly adopted methods of providing
exercise treatment to patients with knee
osteoarthritis. 

Subjects
The study population was intended to represent
the heterogeneous population of patients with
knee osteoarthritis who are typically referred to
physiotherapists for exercise treatment. Referrals
were from typical sources in clinical practice:
orthopaedic and rheumatology clinics of local
hospitals and local GPs. Medical practitioners
working in these areas were informed of the trial
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by postal information sent to them at 3-monthly
intervals. In addition, during the recruitment
period of the trial an article describing the
ongoing research was published in a local
newspaper. This led to increased awareness of the
trial and increased referral rates, but also
introduced a subgroup of patients who had
approached their own GP to seek referral for
treatment. 

Inclusion criteria
Subjects were included, following an assessment by
the trial’s lead investigator, if they met the ACR
clinical diagnostic guidelines40 and none of the
exclusion criteria detailed below. Subjects were
physically assessed by the trial’s lead investigator
using a Maitland system of examination to reduce
the risk of the patient’s knee pain being referred
from sources such as the lumbar spine, hip and
sacroiliac joints.65

Subjects were selected based on the clinical
assessment criteria of the ACR. The sensitivity and
specificity of these criteria are 89% and 88%,
respectively,40 and have been shown to have high
intra-rater reliability.66 All patients had undergone
knee radiographs before referral to the trial and
had been informed by their referring doctor
(rheumatologist, orthopaedic surgeon or GP) that,
on the evidence of their X-rays, they had ‘arthritis’
of the knee. The inclusion of radiological evidence
of osteophytes to the ACR clinical criteria increases
the sensitivity to 94%, with specificity remaining at
88%.40 It is reasonable to assume that, using this
method of selection, patients had at least an
88–89% chance of having knee osteoarthritis. 

Clinical criteria for knee osteoarthritis diagnosis
(adapted from ACR criteria67):

� knee pain: subjects were eligible if they had
complained of pain in or around the knee for
most days in the previous month

� referred following knee radiograph showing
knee osteoarthritis; and

� at least three of the following six clinical
features:
– age > 50 years
– stiffness > 30 minutes upon waking
– crepitus
– bony tenderness
– bony enlargement
– no palpable warmth.

Exclusion criteria
The exclusion criteria are listed below. These
criteria were selected after critically reviewing the

literature in this area and selecting the most
appropriate criteria to accentuate the external
validity of the trial. The criteria enabled the
inclusion of a heterogeneous sample
representative of the patients commonly referred
to physiotherapists for exercise treatment in the
UK. 

Exclusion criteria (based on a review of the
relevant literature60):

� any evidence of symptomatic back or hip
disease (i.e. pain in or around the back or hip
joint severe enough to interfere with the
exercise programmes)

� if the knee osteoarthritis was secondary to
inflammatory arthritis, specifically rheumatoid
arthritis

� any significant symptoms affecting the ankles or
feet that would interfere with the exercise
programmes

� any demonstration on physical examination that
the patient’s knee pain was originating from a
proximal source such as back or hip

� patients unable or unwilling to attend for
treatment at the physiotherapy department

� patients with significant psychiatric or general
medical morbidity that would preclude either
their undertaking the exercises or their
understanding of the nature of the exercise
treatment

� intra-articular steroid injection, in the knee,
within 3 months.

Sample size
Aggregate Locomotor Function score
Based on work by Hurley and Scott,37 and after
piloting the Aggregate Locomotor Function (ALF)
measure with patients with knee osteoarthritis, it
was estimated that a sample size of 76 in each
group would have 80% power to detect a
difference of 4 seconds (20%) in ALF between the
class and home exercise groups, assuming that the
common standard deviation (SD) was 8.7 using a
two group t-test with a 0.05 two-sided significance
level. 

A 15–20% dropout rate at short-term follow-up,
immediately after treatment, and 30% at 6 months’
follow-up was expected. These dropout levels have
been described, for similar trials, as the maximum
rates that can be accepted without rendering the
trial invalid.60 Thus, to obtain adequate power for
both per protocol analysis68 and intention to treat
(ITT) statistical analysis,68 100 patients were
recruited to each group. This target was thought
to be achievable within the time allocated to
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recruitment. Sample size estimation was performed
with nQuery Advisor (Version 3.0) software.69

Ethical approval
Ethical permission for the trial was obtained from
the Central Manchester HealthCare Trust’s local
ethics committee. At initial assessment patients
were interviewed by the trial’s lead investigator
and given an information sheet, and written
consent was obtained from willing participants
after they had been given adequate time for
consideration.

Assignment
Subject allocation was carried out using a
computerised minimisation algorithm built into an
access (Microsoft Corporation) database. To
control for a number of important prognostic
factors,70 stochastic minimisation was used to
allocate patients. This provided some protection
against chance bias due to baseline imbalance, as
is consistent with the recommendation that
baseline variables of prognostic value should be
identified and considered in the randomisation
process to clarify post hoc analysis.71

Important prognostic factors, given equal
weighting in subsequent analysis, were identified
as obesity [body mass index (BMI) ≥ 30] and
gender, as the risks of increased rate of disease
progression are significantly raised in obese
patients and females.10,72 The third factor in the
minimisation process involved allocation of equal
numbers of patients who were to undertake core
and full assessments. The rationale for this design
feature is detailed later in this chapter (section
‘Participant flow and follow-up’, p. 13). 

Blinding and concealment
Owing to the type of intervention being evaluated,
this trial was an open trial. To protect against bias,
outcome assessments were made blind to
allocation.73 This design feature allowed the
patients to know which of the two treatment
programmes they were receiving while preventing
the trial’s lead investigator from knowing this
information until the trial steering group had
agreed to break the code (i.e. unblind the trial)
after all follow-up data had been gathered. To
achieve effective blinding the following design
features were incorporated into the trial design.

� The intervention was provided by a
physiotherapist other than the trial’s lead
investigator.

� The lead investigator provided subjects’ details
to the trial data manager, who used a
computerised, password-secured randomisation
system (Microsoft Access) to allocate patients, at
a location separate from the trial investigator’s
place of work.

� The physiotherapist providing the intervention
was given a sealed envelope containing the
allocation schedule for patients.

� Subjects were instructed not to mention the
treatment they had received to the lead
investigator.

� Subjects were instructed to direct any queries or
concerns regarding treatment to the
physiotherapist providing treatment and not
the lead investigator.

� Data regarding compliance and attendance
were forwarded directly to the trial data
manager in sealed envelopes and not to the
trial’s lead investigator.

Primary outcome measure
Patients with knee osteoarthritis suffer primarily
from reduced locomotor functional capacity5,7,74

and thus the primary outcome measurement of
this study was a timed measure of locomotor
function.

ALF score
Physical dysfunction can be assessed in many ways.
Two common approaches are the use of self-
evaluation questionnaires such as the Western
Ontario and McMaster’s Universities osteoarthritis
index (WOMAC),75 and the use of performance
observation76 such as timed walking tests77 and the
timed up and go test.78 Both methods have
specific advantages and disadvantages. It has been
stated that observational methods provide
information about a patient’s ‘actual’ state of
disability and have the advantage of not being
influenced by subjective factors, whereas self-
evaluation methods reflect the patient’s opinion of
their disability.79 Although it seems unlikely that
the physical performance of testing procedures is
completely unaffected by the patient’s subjective
influence on the test,80 it has been argued that the
two methods measure two different dimensions of
disability.81 One helpful classification that may
clarify this issue is adapted from the International
Classification of Impairment, Disability and
Handicap (ICIDH) model.80 While the activities
comprising the ALF score can be classified as
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‘simple activity’, the outcomes reported by self-
reported questionnaires such as the WOMAC
represent ‘complex activity’. Simple activity
concerns the performance of a set of functions
that form a prerequisite of purposeful functional
activities such as walking, transferring and stair
ascent/descent, whereas complex activity concerns
the performance of purposeful functional activity
such as dressing and housekeeping.80

Observational methods have been shown to
demonstrate good criterion-related validity with
self-evaluation methods of disability, particularly
when assessing mobility,79 but the degree of
sensitivity and specificity to change of both
approaches has not been fully established.
However, observational methods are considered to
provide measures that are less influenced by
patient expectation of treatment effect,82 and
provide measures of disability that are slightly less
sensitive than, or as sensitive as76 self-evaluation
methods, while being more specific to mobility-
related disability changes.81

Objective assessment of locomotor function of
timed walking, stair ascent and descent, and
transferring to and from a chair has been used by
several investigators in the field of knee
osteoarthritis.3,34,37,57 Hurley and Scott aggregated
the times of these individual activities to form one
score with the rationale that “any single test
imparts little information about the patient’s
overall functional ability, and that by aggregating
the time of the activities a better objective
assessment of the patient’s overall functional
capabilities can be obtained”.37

Eight-metre walk time
The measurement of gait speed has been used to
measure treatment efficacy, predict disability and
evaluate functional capacity.77,83,84 Gait speed
decreases with age, with maximum speed
declining more steeply than comfortable gait
speed.83 Subjects with knee osteoarthritis have
been shown to have reduced walking speeds
compared with age-matched normals,45 with obese
patients with knee osteoarthritis having further
reductions in speed.85 The measure has been
shown to have high test–retest reliability in
middle-aged adults,86 and in elderly patients with
knee osteoarthritis77,87,88 when instructed to walk
8, 10 or 13 m at their own comfortable and
preferred pace. Comfortable walking speed has
been shown best to represent overall walking
performance89 and has been recommended as a
measure of locomotor function.83 It has been
shown to be both a reliable and valid measure in

patients with knee osteoarthritis, and does not
have a significant learning effect that requires a
training visit before collection of baseline data.83,90

Procedure
The patients were asked to walk, at their own
naturally preferred, ‘comfortable’ pace, across the
floor of the physiotherapy gymnasium. Following
the recommendations of Hirokawa,91 a 10-m
stretch of floor was used. An 8-m distance was
marked on the gymnasium floor. Timing of the
central 8 m allowed one or two steps at either end
of the walk for untimed acceleration and
deceleration, a process that has been shown to
increase test–retest reliability.91 The time taken to
complete the distance was measured using a
handheld stopwatch (Zeon, UK). Patients were
permitted to use walking aids if they required
them. Three repetitions of the walk were
undertaken and the times recorded. The mean
time was calculated and used for subsequent
analysis.

Stair ascent and descent time
Stair ascent and descent is a function that patients
with knee osteoarthritis find painful and difficult
to perform.46,92,93 Large moments are generated at
the knee during ascent and particularly descent of
stairs,94 the magnitudes of which are much greater
than during level walking. The ability to climb
stairs has been strongly correlated with leg
extensor power and ability to transfer from sitting
to standing in the elderly.95 To achieve stair
climbing, frail, elderly subjects must produce their
maximum available leg power.95 Consequently,
stair climbing is a function rapidly lost with the
reduced leg power associated with knee
osteoarthritis.96 The measurement of timed stair
ascent and descent has been shown to have high
test–retest reliability in an elderly population,97

and has been used by several authors as a measure
of treatment efficacy in knee osteoarthritis.37,57,58

Procedure
Patients were asked to ascend and then descend
seven steps (four 15-cm and three 20-cm steps).
Patients were instructed to undertake this task at
their naturally preferred, comfortable pace. The
method that the patient used to negotiate the
stairs was recorded (i.e. whether they used
alternate legs, used the banisters or always led
with one leg). Patients were permitted to use the
two banisters if they felt it necessary, as the use of
banisters has been shown not to affect times.95

Patients were timed using a handheld stopwatch
and repeated the test four times. The mean of the
four repetitions was calculated and used for
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subsequent analysis. Four repetitions were used as
the stairs used had different height steps, and thus
going over the steps in one direction and then the
other ensured that the patients ascended and
descended the different height steps twice.

Transferring from sitting to standing time
“For independent mobility, one generally must be
able to perform the basic mobility skills of getting
in and out of bed and chair, on and off a toilet
and walking a few feet”.78 These basic mobility
skills are used in the performance of a timed
transferring test.78 The test requires the patient to
rise from a chair, walk to a line on the floor 2 m
away, turn, return and sit down again. The
measure has been shown to correlate strongly with
gait speed and self-reported functional
capacity78,98 and to correlate negatively with
increasing age99 and balance ability.100 The
measure has been shown to have high test–retest
reliability78,97 in an elderly population [intraclass
correlation coefficient (ICC), 0.98]. 

Procedure
Patients were asked to walk, at their own natural
pace, a distance of 2 m to a chair and sit down,
then immediately stand up and walk back to the
start. Patients were timed using an infrared beam
sprint timer system (Cranlea Instruments,
Birmingham, UK), as they approached and
retreated from the chair. The chair had no arms
and a seat height of 0.46 m, typical of a toilet seat
height.90 Patients undertook three timed
repetitions, the mean of which was calculated and
used for subsequent analysis.

The ALF score was then calculated by summation
of the three timed scores. In instances where
individual components of the score were not
completed the reciprocal score could be used,
thereby scoring missing data as zero. The ALF
score was tested for reliability and validity during
piloting.

Secondary outcome measures
To investigate more comprehensively the effects of
the two exercise programmes on patients, a series
of secondary outcome measures was included to
provide information regarding self-reported
functional capacity and the physical components
of function.

Visual analogue pain score
The visual analogue scale (VAS) is a simple and
frequently used method for the assessment of

variations in intensity of pain,101 and has been
widely used in human clinical and psychological
research to assess subjective states.102 A VAS
consists of a 10-cm line, the ends of which are
marked with semantic opposites (e.g. no pain and
the worst pain imaginable), and is applied by
asking the patients to mark a point on the line
between the two extremes that relates to their
experience. Although there is debate about the
measurement level of this instrument it is
considered by many to present data that are
interval and continuous rather than discrete.68

Much evidence has been produced to establish the
reliability and validity of the VAS in the assessment
of pain,101 in the assessment of knee conditions103

and with elderly patients.102 Although the VAS
does not provide the same degree of content
validity as more detailed questionnaires it is an
adequate assessment tool for assessment of pain in
activity-specific situations.5,104 Unfortunately, the
VAS has also been shown to be sensitive to subject
bias, particularly when subjects are able to compare
their current responses with previous ones.101

However, if comparison of current response with
previous response is prevented, the use of VAS in
the assessment of pain associated with knee
osteoarthritis has been widely recommended and
adopted in osteoarthritis clinical trials.105

Procedure
Patients were asked to place a mark on a 10-cm
line that best represented the degree of pain they
had experienced, in the past 7 days, while walking
on a flat surface. Subjects were not permitted to
see previous scores. Scores were established by
measuring, from the zero point, the distance to
the mark in millimetres.

WOMAC
The WOMAC is a tridimensional, disease-specific,
self-administered health status measure.106 The
index consists of 24 questions (five pain, two
stiffness and 17 physical function dimensions) and
is available in Likert and VAS scaled formats. The
index has undergone two major validation
studies106,107 and been shown to fulfil conventional
criteria for face, content and construct validity,
and to be reliable and responsive.108 The WOMAC
has been widely used in clinical trials with knee
osteoarthritis,109 and has been shown to be more
responsive to change than the Medical Outcomes
Study Short Form 36 Health Survey (SF-36),108 as
the dimensions of the index have been specifically
designed for osteoarthritis patients.75 In a recent
report of the international standing committee
investigating clinical trials response criteria, the
WOMAC was recommended as a primary outcome
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measure for future clinical trials of hip and knee
osteoarthritis.110 Changes in WOMAC score of
20–25% are considered clinically important.111

Procedure
Patients were not permitted to see previous
responses. Patients completed the forms by
themselves without assistance from the lead
investigator and were asked to relate their
responses to the last 48 hours. The Likert scale
version (LK3.0) of the questionnaire was used.
Forms were entered onto the trial database.
Missing data and scoring procedures followed the
WOMAC user guidelines.75

SF-36
The SF-36112 is a 36-item questionnaire that
measures health functioning on eight scales and is
among the most widely used measures of quality
of life in studies of patients and populations.113

The questionnaire is generic and provides a
general insight into patients’ health.114 A recent
large-scale (n = 1016) study investigating the
reliability and validity of the SF-36 when used with
patients with osteoarthritis or rheumatoid arthritis
has shown the health survey to have high
reliability for its eight scales (median coefficient =
0.84), high internal consistency and high item
discrimination validity.115 The use of the measure
with subjects with knee osteoarthritis has been
widely recommended and adopted in many
clinical trials.1,105,114–116

Procedure
Subjects were not permitted to see previous
responses. Subjects completed the questionnaires
themselves with no assistance from the lead
investigator. Missing data and scoring procedures
followed the SF-36 user guidelines.112

EuroQol
The EuroQol 5 Dimensions (EQ-5D) is a health
index designed for use in evaluative studies and
policy research, and is intended to complement
other forms of quality of life measures.116 The
questionnaire has two sections. The first part
consists of five questions covering the dimensions
of mobility, self-care, usual activities,
pain/discomfort and anxiety/depression, each with
three levels of response. The second section
consists of a 20-cm vertical VAS ranging from best
imaginable health state to worst imaginable health
state. 

The EuroQol has undergone several validation
studies with arthritic subjects, and has been shown
to be sufficiently reliable and responsive and to

contain sufficient construct validity to be used in
clinical trials involving arthritic subjects.117,118

Some authors have expressed some concerns over
the instrument’s crude discrimination ability and
restricted responsiveness, and the non-normal
distribution of scores observed.119 However, the
use of the instrument has been particularly
recommended when researchers wish to undertake
an economic evaluation as part of a trial.1

Procedure
Subjects were not permitted to see previous
responses. Subjects completed the questionnaires
themselves with no assistance from the lead
investigator. Missing data and scoring procedures
followed the EuroQol user guidelines.120

Physical components of function
Muscle strength
Lower limb muscle strength has been shown to be
an important correlate of locomotor function,121

with isometric muscle strength being used by
several investigators as a reliable and valid method
of assessing exercise treatment.52,53,55,122,123

Procedure
To test maximum voluntary isometric extension,
patients were positioned in the chair of a Biodex
Dynamometer (Biodex, Shirley, NY, USA) with hip
flexion fixed at 90 degrees and the knee angle set
at 45-degree flexion. The more painful knee was
tested. To ensure that the patients maintained the
45-degree angle, the operator placed an arm
under the knee to act as a popliteal restraint.
Patients pushed into the footplate of a leg press
attachment, without pushing the popliteal surface
of the knee into the operator’s arm and beyond 
45 degrees. Patients had two practice contractions
before data collection to familiarise themselves
with this method and to ensure that they were able
to maintain a knee angle of 45 degrees. 

A twitch interpolation technique was used to
ensure a maximum voluntary quadriceps
contraction,124 standardised encouragement was
used and patients were prevented from seeing the
screen of the system’s computer to reduce
extraneous influences on maximal isometric
contraction. Patients performed three maximum
contractions each of 10 seconds’ duration with a 
1-minute rest between each contraction. The peak
of the three extension torques was used for
subsequent analysis. 

Dynamic balance
The ability to maintain postural stability under
dynamic conditions is an important component of
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physical functioning and is achieved through
“effective integration of visual, vestibular and
proprioceptive neural input to the central nervous
system”.125 Decreases in dynamic postural stability
have been shown to correlate to an increased risk
of falling.126 One device capable of quantifying
postural stability measurements during movement
of the base of support is the Biodex stability
system (Biodex, Shirley, NY, USA). This device has
a platform that can tilt 20 degrees in any direction
and can be used to measure overall stability and
stability in the anteroposterior (AP, Ay) and
mediolateral (ML, Ax) directions (Figure 1). The
relative stability (resistance to deflection) of the
platform can be altered to suit the postural
stability of the test subject, thus enabling safe
testing of young to elderly patients.

Previous investigators have reported good
test–retest reliability of the Biodex stability system
(ICC1,1 from 0.71 to 0.95)125,127 and established
that the system has a learning effect necessitating
the performance of two training test repetitions
before data are collected to ensure instrument
familiarity in the subject.128

Procedure
Patients were instructed to stand on the platform
of the stability system. Footwear was worn and the
patients were instructed to flex their knees by 
10 degrees. During all tests, patients stood with
their feet 15 cm apart and with 20 degrees of
forefoot abduction.129 The patient was then
instructed to keep a cursor in the middle of a
target by actively maintaining their balanced
position. Platform deflection was set at 8, the most
stable setting, throughout the testing duration.
After two 20-second practice tests the patient
undertook three 20-second tests. Platform
deflection data from the test were sampled at
20 Hz and converted into stability indices for the
Ay and Ax directions by the system’s in built
software. The mean of the three test results, for Ax
and Ay, was calculated and used for subsequent
analysis.

Range of movement (knee flexion)
Patients with knee osteoarthritis have been shown
to have reduced range of knee flexion45 compared
with age-matched healthy people, and increasing
range of movement is a common aim of
physiotherapeutic treatment.35 Reduced knee
flexion has been shown to be the strongest
correlate of disability of all the movements of the
knee and hip,127 and thus was chosen as the
movement for assessment. Range of active
movement is measured clinically by goniometry.130

Goniometric measurement of knee range of
movement has been shown to be more accurate
and reliable than visual estimation alone.131 The
measurement of active flexion of the knee has
been shown to have high intratester reliability
(ICC = 0.98) and high criterion-related validity 
(r = 0.87) compared with X-ray-determined angles
of flexion of the knee.131,132

Procedure
The procedure adopted for the measurement of
active knee flexion was that adopted by Messier.45

With the knee extended and the patient supine,
knee flexion was measured by instructing the
patient to bring the heel as close as possible to the
buttock while the foot remained in contact with
the treatment plinth. A universal goniometer was
placed on the lateral aspect of the knee, with one
arm in line with the lateral malleolus and the
other in line with the greater trochanter of the
femur. From this position the knee was extended
maximally with the foot still in contact with the
treatment plinth and any lack of full extension
measured using the goniometer, placed in the
same position. The mean of three test repetitions
was recorded for use in subsequent analysis, as this
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procedure has been shown to increase intertest
reliability coefficients.131

Compliance with home exercise
Non-compliance has been defined as “a failure by
patients to follow advice”,133 and non-compliance
with physiotherapy regimens in the treatment of
knee osteoarthritis is well documented.133,134 Low
levels of mobility, muscle weakness and high levels
of co-morbidity have been identified as factors
associated with high non-compliance with
exercise.135 In patients with knee osteoarthritis
poor compliance with class-based exercise regimes
has been positively correlated with duration of
pain before commencement of exercise and pain
scores,134 with issues of expectation of benefit
having a large influence on compliance.133

Procedure
Unfortunately, there is no gold standard for
measuring compliance as compliance needs to be
defined situationally.136 To assess compliance with
the home exercise programme patients were
required to complete a compliance questionnaire
at their 6- and 12-month post-treatment
assessments (see Appendix 1). The questionnaire
asked the patients to detail how many times they
had performed the home exercises in the past
week, how long they spent doing the exercises,
whether they had stopped doing the exercises and
if so when. In addition, the patients were asked
whether they felt that their physical activity levels
had gone up, stayed the same or gone down in the
previous 6-month period.

Reliability of physical outcome
measures
To establish population-specific intra-rater
reliability data, a replication design reliability
study137 was conducted with the trial’s pilot study
group. The study’s pilot group undertook a
pretreatment test–retest reliability study for the
functional measures that were being considered
for aggregation into one locomotion functional
score, namely, walking time, stairs, and timed up
and go. The pilot study also investigated the
reliability of the range of flexion measure and the
AP and ML body-sway measures. 

Pilot study patients (n = 15) attended for
pretreatment assessment and then repeated a
replicate assessment within 1 week. Data from
these two assessments were then analysed for
intra-rater, test–retest reliability. To calculate useful
indices of reliability four statistics were calculated:
ICC with 95% confidence intervals (CI), standard
errors of measurement (SEMs) and smallest
detectable differences (SDDs). To assess for bias
between the visits that may suggest an
improvement in locomotor function due to an
inherent learning effect, the 95% limits of
agreement for the ALF were also plotted (Figure 2).

Results
The results of the pilot study test–retest reliability
results are shown in Table 2. Excellent reliability
was demonstrated for each of the locomotor
function scores and also for the ALF score. The
lowest individual SEM and SDD values were
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demonstrated by the walk time score, with the
highest values being demonstrated by the stair
time score. The ALF demonstrated an extremely
low SDD score with narrow confidence intervals
and a high ICC statistic. Good reliability was also
demonstrated for AP and ML sway, isometric
muscle strength and range of knee flexion. All
values were statistically significant (p < 0.01).
There was no systematic improvement or bias
between the two visits for the ALF score (Figure 2),
negating the likelihood of an inherent learning
effect for these measures. 

Participant flow and follow-up
Patients were referred to the trial from the sources
detailed earlier in this chapter (section ‘Subjects’,
p. 5). Following interview and consenting
procedures, the patients were randomly allocated
to either the full or the core assessment group. The
process of allocating patients to the full or core
assessment group was undertaken to reduce the
number of assessments required by the majority of
the patients. Reducing contact time with the lead
investigator was seen as a way of reducing the
testing effect threats to the internal and external
validity of the trial.138 Core assessment lasted for
approximately 30 minutes and full assessment
involved an assessment time of approximately 60
minutes. In addition, by reducing the number of
visits required for assessments it was envisaged that
patients would be less inconvenienced and thus the
dropout rate would be reduced. The allocation
process involved using sealed envelopes containing
computer-generated random allocation slips that
were opened at the patient’s initial attendance.
Patients allocated to the core assessment group
undertook only core outcome measures before and
after treatment assessments, whereas the full
assessment group undertook both core and full
outcome measures.

Core outcomes:

� VAS pain
� 8-m walk
� sit/stand transferring
� stair ascent and descent
� WOMAC questionnaire
� SF-36/EuroQol questionnaires
� range of movement.

Full outcomes: patients allocated to the full
assessment group undertook the measures listed
above but also undertook measures of:

� dynamic standing balance
� muscle strength.

All patients were then allocated to one of the 
two treatment arms of the trial using the 
process detailed earlier (section ‘Assignment’, 
p. 7) and, following an initial advice and
assessment session, conducted by the treating
physiotherapist, undertook one of the two
treatment interventions. At follow-up at 6 and 
12 months the patients were reassessed and
exercise compliance data were collected. In
addition, data regarding service usage were
collected at 3-monthly intervals during the 
12-month follow-up period (Figure 3). 

Intervention
Advice and education
Educational advice is considered essential by the
ACR, the BSR, the RCP and the SCICSTTT23–25

in the conservative management of knee
osteoarthritis. Educational components are
included as standard in knee osteoarthritis
treatment programmes provided by
physiotherapists14 (see section ‘Patient education
programmes’, p. 3).
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TABLE 2 Pilot study reliability indices (n = 15)

ICC1,k 95% CI SEM SDD (%)

Walk time 0.98 0.97 to 0.99 0.26 (s) 18.4
Stair time 0.98 0.94 to 0.99 0.87 (s) 30.6
Up and go 0.99 0.96 to 0.99 0.38 (s) 22.7
ALF 0.99 0.98 to 0.99 0.86 (s) 9.5
Range of flexion 0.78 0.62 to 0.86 1.32° 1.1
Isometric strength 0.99 0.89 to 0.99 3.95 (Nm) 8.4
AP stability 0.90 0.91 to 0.97 1.19 68
ML stability 0.90 0.83 to 0.94 1.30 95

All values p < 0.01.
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Trial end-point

FIGURE 3 Participant flow



The advice and education provided consisted of
an initial session attended by patients allocated to
either treatment arm of the trial. Following this
initial session no further advice or education was
provided for either group, to try to ensure
equivalence between groups. The advice and
education presented was drawn from the Arthritis
Research Campaign’s information booklet
“Osteoarthritis of the knee”,39 to present
information that was nationally available to
patients and physiotherapists, thus increasing the
external validity of this element of the trial. The
features of the advice and educational information
presented are shown in Appendix 2.

Home exercise programme
Following the presentation of advice and
educational information the patients were assessed
by the treating physiotherapist, to establish the
intensity of exercise that each patient should
undertake at home. 

Exercise programme components
The exercise programme was developed by
selecting elements from the programmes used by
several recent authors.3,37,57,59,139 These trials have
subsequently been shown to have acceptable
validity in a systematic review of the effectiveness
of exercise in the treatment of knee
osteoarthritis.60 The exercise intervention was
designed to include multiple components that
would address the individual features of
dysfunction associated with knee osteoarthritis and
collectively improve the functional capacity and
pain of the patients. The main areas of
dysfunction addressed were muscle weakness,
muscle fatigue, reduced locomotor function and
reduced balance. The exercise programme was
designed to address recommended goals of
treatment:140

� reduction of impairment and improvement of
function

� protection of the joint by reducing stress on the
joint, attenuating joint forces and improving
biomechanics

� prevention of disability and poor health
secondary to inactivity by increasing daily
physical activity.

Muscle weakness was addressed by including
muscle strengthening exercises.

� Sitting to standing: this exercise involved the
patient rising from sitting to standing and then
lowering themselves gently back to the chair
seat. This exercise was repeated to a number of

repetitions. The number of repetitions was
determined at initial assessment.

� While standing, the patient contracted the
quadriceps femoris muscle group maximally
and held the contraction for a period
determined at initial assessment.

� While sitting, the patient extended the knee
from 90 degrees of flexion to the maximum
degree of extension they could obtain and held
the leg in this position for 10 seconds. The
knee was then slowly flexed to 90 degrees. The
number of repetitions was determined at
assessment.

Muscle fatigue was addressed by the performance
of a muscular endurance exercise. This involved
the patient rising from a seated position to a
position of approximately 45 degrees of knee
flexion. The patients then held that position by
maintaining isometric tension in the lower limb
extensors for a period determined at initial
assessment.

Range of movement increase was addressed by the
performance of three stretches. 

� An anterior thigh and hip stretch was obtained
by gentle translation of the pelvis anteriorly,
while standing. This manoeuvre stretches the
anterior thigh, rectus femoris muscle and hip of
the posteriorly placed leg, while also stretching
the calves and ankles. 

� A posterior calf stretch was obtained by gently
flexing the knees while standing, ensuring that
the heels remained in contact with the floor. 

� A posterior stretch of the knee was obtained by
contracting the quadriceps femoris group while
standing, thus generating an extension moment
to place tension on the posterior knee
musculature, joint capsule and ligaments. 

Standing balance was addressed by patient
standing on one leg (close to a supporting
surface), thereby placing themselves in a situation
requiring increased conscious balance control and
integration.141 The number of times that balance
was lost was recorded by patients while they
performed the exercise for 2 minutes. 

The exercise sheet given to patients is shown in
Appendix 3.

Exercise assessment/reassessment
To facilitate maximum improvement the intensity
of exercise programmes should be individualised
to the patient142 and to achieve this the exercise
programme was based on assessment and
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reassessment procedures. At initial assessment the
treating physiotherapist collected the following
data:

� the number of sit to stand repetitions that could
be performed in 1 minute

� the length of time for which a quadriceps
femoris contraction could be held while
standing

� the length of time for which a contraction could
be held with the knee flexed to 45 degrees.

These values were considered to represent baseline
exercise ability. Sixty per cent values were
calculated and given to patients as their
individualised targets for home exercise. Four
weeks after initial assessment, patients were
reassessed by the same method. These data were
then used to calculate 70% values, which were then
given to patients as their individualised targets for
the next 4 weeks. Four weeks after their second
assessment the patients were reassessed for the
final time and data from this visit were used to
calculate 80% values. These values formed the
patient’s targets for the home exercise programme,
which they were to continue indefinitely.

Class exercise programme
As well as undertaking the home exercise
programme detailed above, the patients allocated
to the class programme undertook the exercise
intervention detailed below. The class exercise
programme involved attendance at a
physiotherapy department twice weekly with
classes lasting for approximately 45 minutes.
During the classes the patients undertook a circuit
of exercises supervised by a senior physiotherapist.
Classes were small, with a maximum of 12 patients
in each class.

The exercise circuit that was performed was as
follows: 

� a warm-up period using a ‘shuttle walking test’
or ‘Bleep test’ tape,143 which encouraged the
patients to accelerate gradually while walking
for 5 minutes

� muscle stretching for 5 minutes
� balance training using balance boards (Procare

Medisport, Oldham, Lancashire, UK) for 
5 minutes

� isotonic, functional, weight-bearing exercises
(e.g. step-ups and sit to stands) for 10 minutes

� isometric quadriceps exercises performed at 
45 degrees of knee flexion, using a handheld
myometer (Campden Instruments,
Leicestershire, UK) for 5 minutes

� a cool-down period of gentle walking and
stretching for 5 minutes.

Progression and regression of exercise
The home exercise programme was progressed as
detailed above (exercise assessment/reassessment).
In the event of an exacerbation of symptoms the
home programme was reduced to original 60%
values for a week and then returned to previous
levels. If the exacerbation was severe, exercise was
suspended for 1–2 weeks to allow natural
resolution of symptoms. Exercise was then
returned to 60% values for a week, then returned
to the levels before the exacerbation. The class-
based exercise programme was increased and
decreased by the senior physiotherapist using
clinical discretion and in discussion with the
patient.

Analysis of clinical effectiveness
The primary outcome in this trial was the ALF.
Secondary outcomes were VAS pain, WOMAC, SF-
36, strength, balance and compliance with home
exercise.

Data were recorded at baseline before
randomisation, post-treatment, and at 6 and 
12 months’ follow-up. The main statistical analysis
comparing the two therapies was based on a
general linear mixed model analysis of covariance
applied to longitudinal data in which a variance
term is fitted to account for within-subject
correlation.144 The analysis was carried out using
Stata Release 7 (Stata Statistical Software
StataCorp, Texas, USA, 2001). For each outcome
the model was fitted to the outcome across the
three post-treatment time-points including BMI,
age, gender, core or full outcome group and the
prerandomisation values as covariates. Normal
probability plots were used to check distributional
assumptions of the model. For some outcomes
there was evidence of skewness. There was also a
ceiling and floor effect in outcomes based on
questionnaires, e.g. EQ-5D and WOMAC,
particularly those dimensions based on a limited
number of questionnaire items. To check whether
such violations of distributional assumptions
affected the conclusion, confidence intervals 
were also computed using a non-parametric
bootstrap. 

Standardised response means (SRMs) were
calculated by taking the adjusted difference
between the change scores of the intervention
groups and dividing it by the pooled standard
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deviation of the change score. An SRM size of 0.2
was regarded as small, 0.5 as medium and 0.8 as
large.145

In a randomised trial such as this, there are
inevitably some missing outcome data. Since this
may bias the estimate of the treatment effect, the
relationship between missing data and outcome

was investigated. Logistic regression was used to
investigate the predictors of loss to follow-up.
Variables that were found to predict loss to follow-
up were included as covariates in the statistical
model to reduce bias.145 An ITT analysis on the
primary outcome’s 12-month data was conducted
using last value carried forward (LVCF) imputation
to examine further the effect of missing data.
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Participant flow
A flowchart detailing the flow of participants
through each stage of the trial is presented in
Figure 4. Following the Consolidating Standards of
Reporting Trials (CONSORT) guidelines, this
figure shows specifically for each group the
numbers of participants randomly assigned,
receiving treatment, completing the study protocol
and analysed for primary outcomes.146 Over the
20-month recruitment period 302 referrals to the
trial were received. Despite a second appointment
being sent out to patients, 62 (21%) patients did
not attend for assessment. Of the 240 patients who
attended for assessment 225 gave their written
consent and were subsequently enrolled onto the
trial. Of the 225 patients who consented to join
the trial 214 were allocated to treatment after 11
patients withdrew from the trial before allocation.
These patients had been considered suitable for
exercise by their referring physician, but withdrew
owing to personal concerns regarding comorbidity.
Of the 214 patients allocated into the two groups,
190 (89%) patients attended for post-treatment
assessment. The loss to review at this point
consisted of 17 patients from the home treatment
group and seven patients from the class group. At
6-month review 182 (85% of allocated patients)

attended for reassessment, with a total of 24
patients being lost from the home group and eight
patients from the class group. At 12 months 151
(71% of allocated patients) attended for
assessment, with 32 being lost from the home
group and 31 from the class group. The
predominant reason for non-attendance was that
the patients did not want to attend for review
because they had stopped doing their home
exercises (n = 17 home group, n = 15 class group).
The second biggest cause of loss to follow-up was
patients being no longer included in the trial
following recent injection or surgical treatment 
(n = 12 home group, n = 10 home group).

Baseline characteristics of
patients
The baseline characteristics of both home and class
groups are shown in Table 3.

Investigation of loss to follow-up
The pattern of follow-ups was broadly similar for
each of the outcomes. Table 4 shows the
distribution of last follow-ups for ALF, WOMAC
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TABLE 3 Baseline characteristics of randomised groups

Home Class
Freq. (%) n Freq. (%) n

Women 62 (60.2) 103 63 (56.8) 111
Self-instigated 39 (37.9) 103 40 (36.0) 111
Referral

Mean SD Min. Max. n Mean SD Min. Max. n

Age (years) 64.9 9.7 40.7 81.7 103 64.5 9.9 40.2 86.8 111
BMI 30.2 5.3 18.6 47.7 103 29.4 5.2 17.2 46.1 111
ALF 26.5 11.8 13.2 85.0 102 24.5 11.8 12.8 103.0 111
Flexion 114.7 15.6 45.0 142.0 103 117.9 14.5 70.0 145.0 111
VAS pain 62.3 18.6 10 100 103 63.3 17.4 17 100 110
WOMAC total 45.3 18.9 9 85 91a 45.3 18.2 6 96 100a

Pain 10.0 3.7 2 19 97a 9.6 3.7 1 20 106a

Stiffness 4.5 1.7 1 8 97a 4.2 1.8 0 8 108a

Physical function 30.8 14.4 4 63 91a 29.6 13.7 2 68 102a

a Smaller data set due to incomplete or incorrect completion of the WOMAC questionnaire.
Freq., frequency.
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(20-month recruitment period)

Referrals to the trial (n = 302)

Attended for assessment (n = 240) 

Excluded (n = 15):

Refused to participate (n = 7)

Not meeting the inclusion criteria (n = 8) 

Randomised (n = 225)

Preallocation withdrawals (n = 11) 

Allocated to class group n = 111Allocated to home group n = 103

Attended for review
immediately post-treatment n = 86 (83% )

Attended for review
immediately post-treatment n = 104 (94%)

Attended for review
at 6-month review n = 79 (77%)

Attended for review
at 6-month review n = 103 (93%)

Attended for review
at 12-month review n = 71 (69%)

Stopped exercising and would not
reattend for follow-up (n = 17)

Intra-articular injection or TKR (n = 12)
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FIGURE 4 CONSORT diagram showing participant flow through the trial

TABLE 4 Follow-up for ALF, VAS, WOMAC and SF-36 physical function (PF) scales

Follow-up ALF VAS WOMAC SF-36 (PF)

Home Class Home Class Home Class Home Class

Post-treatment 86 (83%) 102 (92%) 90 (87%) 105 (95%) 79 (77%) 93 (84%) 82 (80%) 100 (90%)
6 months 79 (77%) 103 (93%) 81 (79%) 103 (93%) 76 (74%) 95 (86%) 75 (73%) 96 (86%)
12 months 71 (69%) 80 (72%) 78 (76%) 90 (81%) 62 (60%) 76 (68%) 65 (63%) 79 (71%)

No. randomised 103 111 103 111 103 111 103 111



and VAS scores, and SF-36 physical function
dimensions.

The follow-up was greater in the class group than
the home exercise programme group. For the ALF
at post-treatment 92% were followed up in the
class group compared with 83% in the home
programme group. At 6 months, follow-up in the
class group (93%) was substantially better than for
the home programme group (77%). This became
less marked at 12 months with the loss to follow-
up being similar for each group (72–69%). 

The pattern of follow-ups was broadly similar for
each of the outcomes. Loss to follow-up was of a
magnitude reported by previous authors in this
field.31 Logistic regression analysis of loss to
follow-up at the three time-points confirmed that
patients in the class group were more likely to
respond at post-treatment and 6 months, but not
at 12 months; however, baseline patient
characteristics did not appear to affect response.
For the trial’s primary outcome measure (the ALF
score), the odds ratio of an outcome being
recorded in the class group compared with the
home exercise group was 2.3 (95% CI 0.94 to 5.4,
p = 0.067) at post-treatment and 3.9 (95% CI 1.67
to 9.3, p = 0.002) at 6 months. At 12 months loss
to follow-up was no longer associated with
treatment group (odds ratio = 1.1, 95% CI 0.6 to
0.20, p = 0.728). 

In a secondary analysis, patients who attended for
review only up to 6 months post-treatment

appeared to have poorer locomotor function,
regardless of treatment, than those with complete
follow-up (ALF scores for incomplete follow-up
were increased by 1.93 seconds, 95% CI 0.34 to
3.52, p = 0.018). When an interaction term was
fitted to the model, the treatment effect
nevertheless appeared to be similar between
patients with only post-treatment follow-up and
those with up to 6 months and complete follow-up
data (p = 0.345).

Comparison of outcomes for
home and class exercise groups
ALF score
Statistical analysis tested for any difference in the
treatment effect according to length of follow-up
(post-treatment, 6 months or 12 months post-
treatment) by adding a time–treatment interaction
term to the statistical model. For the ALF score a
likelihood ratio test did not suggest an interaction
(p = 0.671). In the absence of an interaction it was
appropriate to examine the pooled treatment
effect across the three time-points. The pooled
estimate of treatment effect of class compared with
home exercise programmes is highlighted in 
Table 5. For the ALF score there was a reduction in
the score of –2.89 seconds (95% CI –1.82 to –3.96,
p < 0.001) after adjustment for baseline values,
BMI, age and gender. A cross-sectional analysis is
given for each of the three follow-up points, giving
the effect of treatment adjusted for baseline ALF,
BMI, age and gender. Comparing the adjusted
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TABLE 5 Comparison of home and class groups for ALF score

ALF Home Class Mean diff.a 95% CIb SRM p

(seconds)
Mean (SD) Mean (SD)

Baseline 26.5 (14.8) 24.5 (13.2)

Post-treatment 24.4 (10.8) 18.7 (5.9) –3.45 (–4.46 to –2.44) 0.40 <0.001
(–4.39 to –2.47)

6 months 25.4 (11.2) 20.6 (10.8) –2.56 (–3.81 to –1.31) 0.23 <0.001
(–3.89 to –1.39)

12 months 24.8 (9.7) 19.1 (5.4) –3.68 (–4.87 to –2.50) 0.47 <0.001
(–4.81 to –2.58)

12-month LVCF 25.6 (10.2) 20.9 (10.7) –2.70 (–3.82 to –1.58) 0.26 <0.001

Interaction 0.671
Pooled estimate –2.89 (–3.96 to –1.82) <0.001

a Estimated treatment effect adjusted for BMI, age, gender and baseline values. 
b Negative values for mean differences reflect improvement. Bootstrap confidence intervals in italics.
diff., difference; 12-month LVCF, ITT analysis using last value carried forward imputation.



class treatment with the home group suggests that
the reduction in ALF scores was 14%, 11% and
15% greater in the supplemented group, at post-
treatment, 6-month and 12-month reviews. Small-
sized SRMs were evident at all follow-ups.

A more conservative statistical approach to
examining the issue of missing data was also
undertaken by calculating the ITT analysis values
for the trial’s primary outcome measure at 
12-month follow up. Using the LVCF method of
imputing missing data, a slightly smaller
treatment effect was observed (–2.70 seconds, 95%
CI –3.82 to –1.58). To examine the possibility of
floor and ceiling effects of the instrument the
bootstrap 95% confidence intervals were also
calculated and are presented in Table 5. The limits
of these intervals are not significantly different to
the original limits, suggesting no significant
influence of these effects.

VAS score
For the VAS score there was evidence of a
difference in treatment effect between time-points,
with a time–treatment interaction term that was
statistically significant (p = 0.004). A cross-
sectional analysis is presented in Table 6. There
was evidence of both a difference in treatment
effect between time-points and a substantial
improvement in the VAS at all follow-ups.
Comparing the adjusted class treatment with the
home group suggests that the reduction in VAS
scores was 33%, 21% and 25% greater in the
supplemented group, at post-treatment, 6 months
and 12 months, representing moderate to large
SRMs. 

To examine the possibility of floor and ceiling
effects of the instrument the bootstrap 95%
confidence intervals were also calculated and are
presented in Table 6. The limits of these intervals
are not significantly different to the original
limits, suggesting no significant influence of these
effects.

WOMAC score
Likelihood ratio tests did not suggest
time–treatment interactions for the three
WOMAC domain scores. In the absence of an
interaction it was appropriate to examine the
pooled treatment effects across the three time-
points. The pooled estimates of treatment effect
of class compared with home exercise
programmes are detailed in Table 7. For the
WOMAC pain domain there was a reduction in
score of –1.18 (95% CI –1.85 to –0.52), stiffness
domain of –0.46 (95% CI –0.81 to –0.12) and
physical function domain of –3.39 (95% CI –5.58
to –1.20) after adjustment for baseline values,
BMI, age and gender. There was no significant
treatment effect in physical function or stiffness
domains at 6-month follow-up, probably owing to
the higher dropout rate at this time-point.
Overall, the pooled treatment effects represented
small SRMs. 

To examine the possibility of floor and ceiling
effects of the instrument the bootstrap 95%
confidence intervals were also calculated and are
presented in Table 7. The limits of these intervals
are not significantly different to the original
limits, suggesting no significant influence of these
effects.
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TABLE 6 Comparison of home and class groups for VAS pain score

VAS Home Class Mean diff.a 95% CIb SRM p

(mm)
Mean (SD) Mean (SD)

Baseline 62.3 (18.6) 63.3 (17.4)

Post-treatment 54.8 (18.9) 37.3 (16.9) –18.1 (–21.8 to –14.4) 1.01 <0.001
(–21.7 to –14.4)

6 months 54.6 (21.8) 43.0 (18.1) –11.4 (–15.6 to –7.10) 0.57 <0.001
(–15.5 to –7.25)

12 months 59.1 (18.2) 43.6 (18.1) –15.2 (–19.5 to –10.9) 0.84 <0.001
(–19.6 to –11.1)

Interaction 0.004
Pooled estimate –14.9 (–18.1 to –11.7) <0.001

a Estimated treatment effect adjusted for BMI, age, gender and baseline values.
b Negative values for mean differences reflect improvement. Bootstrap confidence intervals in italics.



SF-36 score
Only two of the SF-36 dimensions demonstrated a
statistically significant treatment effect: the pain
and physical function dimensions demonstrated
small but statistically significant pooled treatment
effects of 7.39 (95% CI 3.43 to 11.34) and 5.61
(95% CI 169 to 9.52), respectively (Table 8 and
Figure 5). 

EuroQol score
EQ-5D scores are presented in Chapter 4 (section
‘Health states and their value’, p. 31) however,
health status as measured by the EuroQol VAS

instrument is presented here in detail. Statistical
analysis tested for any difference in the treatment
effect according to length of follow-up (post-
treatment, 6 months or 12 months post-treatment)
by adding a time–treatment interaction term to
the statistical model. For the EuroQol VAS score a
likelihood ratio test did not suggest an interaction 
(p = 0.671). In the absence of an interaction it was
appropriate to examine the pooled treatment
effect across the three time-points. The pooled
estimate of treatment effect of class compared with
home exercise programmes is shown in Table 9.
For the EuroQol health status VAS score there was
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TABLE 7 Comparison of home and class groups for WOMAC domain scores

Home Class Mean diff.a 95% CIb SRM p

Mean (SD) Mean (SD)

Pain
Baseline 9.99 (3.71) 9.63 (3.69)

Post-treatment 9.04 (3.84) 7.50 (3.95) –1.23 (–2.03 to –1.46) 0.32 0.006
(–2.04 to –0.44)

6 months 9.13 (3.99) 8.04 (3.60) –0.84 (–1.70 to –0.14) 0.27 0.041
(–1.69 to –0.01)

12 months 9.38 (3.53) 8.05 (3.81) –1.32 (–2.33 to –0.35) 0.36 0.036
(–2.34 to –0.34)

Interaction 0.752
Pooled estimate –1.18 (–1.85 to –0.52) 0.001

Stiffness
Baseline 4.53 (1.68) 4.18 (1.81)

Post-treatment 4.19 (1.84) 3.36 (1.93) –0.53 (–0.97 to –0.09) 0.28 0.019
(–0.96 to –0.09)

6 months 4.09 (1.77) 3.37 (1.78) –0.41 (–0.85 to 0.03) 0.23 0.068
(–0.83 to 0.02)

12 months 3.97 (1.59) 3.36 (1.81) –0.39 (–0.89 to 0.11) 0.23 0.129
(–0.87 to 0.11)

Interaction 0.814
Pooled estimate –0.46 (–0.81 to –0.12) 0.009

Physical function
Baseline 30.8 (14.4) 29.6 (13.7)

Post-treatment 28.1 (14.7) 23.6 (13.9) –3.19 (–5.84 to –0.09) 0.22 0.018
(–5.87 to –0.57)

6 months 29.8 (14.5) 26.6 (14.2) –2.37 (–4.86 to 0.03) 0.17 0.062
(–4.84 to 0.09)

12 months 30.7 (16.5) 26.5 (13.6) –5.00 (–8.97 to –0.10) 0.33 0.014
(–9.47 to –1.27)

Interaction 0.504
Pooled estimate –3.39 (–5.58 to –1.20) 0.003

a Estimated treatment effect adjusted for BMI, age, gender and baseline values. 
b Negative values reflect improvement. Bootstrap confidence intervals in italics. 
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TABLE 8 SF-36 scores

Home Class Mean 95% CI p

Mean (SD) n Mean (SD) n
diff.a

PF
Baseline 35.5 (22.9) 97 37.5 (23.4) 109
Post-treatment 39.4 (22.5) 82 47.9 (23.2) 100 7.14 (2.26 to 12.01) 0.004
6 months 36.7 (23.3) 75 44.6 (24.3) 96 7.18 (1.86 to 12.49) 0.008
12 months 38.4 (22.9) 65 41.1 (23.8) 79 2.96 (–3.11 to 9.03) 0.336

Interactionb 0.222
Pooled estimate 5.61 (1.69 to 9.52) 0.005

RLP
Baseline 30.3 (37.3) 96 32.1 (40.8) 109
Post-treatment 35.7 (39.7) 82 42.6 (42.0) 98 2.16 (–7.70 to 12.02) 0.666
6 months 41.3 (43.0) 75 40.6 (43.4) 96 –5.15 (–16.85 to 6.56) 0.387
12 months 31.5 (41.0) 65 38.6 (38.3) 78 5.34 (–6.37 to 17.06) 0.369

Interactionb 0.410
Pooled estimate 1.01 (–6.62 to 8.64) 0.796

RLM
Baseline 56.8 (46.3) 95 50.2 (44.6) 109
Post-treatment 56.8 (44.9) 81 58.1 (43.9) 101 3.66 (–7.23 to 14.55) 0.508
6 months 55.9 (46.5) 74 50.7 (44.2) 94 –3.06 (–15.27 to 9.15) 0.621
12 months 50.0 (45.6) 64 48.3 (44.2) 79 1.56 (–12.19 to 15.32) 0.823

Interactionb 0.578
Pooled estimate 1.66 (–7.11 to 10.42) 0.711

SF
Baseline 62.7 (28.8) 98 64.8 (25.5) 109
Post-treatment 70.1 (24.2) 83 68.9 (25.9) 102 –3.74 (–8.71 to 1.24) 0.140
6 months 66.2 (25.9) 76 68.4 (21.5) 96 –0.65 (–6.32 to 5.02) 0.822
12 months 64.8 (22.8) 65 69.3 (24.2) 80 2.72 (–3.80 to 9.24) 0.410

Interactionb 0.353
Pooled estimate –1.01 (–5.13 to 3.11) 0.631

MH
Baseline 67.6 (18.9) 97 63.3 (19.4) 109
Post-treatment 68.7 (17.8) 82 66.1 (17.9) 100 –0.50 (–4.29 to 3.29) 0.796
6 months 63.4 (20.2) 76 64.4 (16.1) 95 3.48 (–1.06 to 8.01) 0.132
12 months 61.2 (17.5) 64 63.4 (17.4) 79 4.24 (–0.52 to 9.01) 0.081

Interactionb 0.136
Pooled estimate 2.02 (–1.10 to 5.15) 0.206

P
Baseline 40.5 (22.5) 98 41.3 (20.2) 109
Post-treatment 43.9 (22.2) 82 53.9 (20.7) 101 9.67 (4.85 to 14.49) <0.001
6 months 44.6 (25.7) 76 50.5 (21.5) 94 5.22 (–0.70 to 11.14) 0.083
12 months 41.5 (19.2) 65 49.7 (18.5) 80 8.12 (2.84 to 13.39) 0.003

Interactionb 0.293
Pooled estimate 7.39 (3.43 to 11.34) 0.000

EV
Baseline 46.5 (20.1) 97 46.7 (19.2) 109
Post-treatment 50.9 (16.8) 82 51.3 (17.9) 100 –0.83 (–4.62 to 2.96) 0.665
6 months 48.8 (18.3) 76 54.3 (15.1) 95 4.69 (0.49 to 8.89) 0.029
12 months 52.2 (16.6) 64 52.8 (16.5) 79 1.01 (–3.68 to 5.69) 0.671

Interactionb 0.063
Pooled estimate 1.46 (–1.60 to 4.52) 0.350

continued
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TABLE 8 SF-36 scores (cont’d)

Home Class Mean 95% CI p

Mean (SD) n Mean (SD) n
diff.a

HP
Baseline 53.4 (24.4) 97 53.8 (21.3) 109
Post-treatment 58.3 (21.8) 81 59.0 (21.6) 100 –0.42 (–5.15 to 4.31) 0.861
6 months 56.8 (21.6) 76 60.9 (19.5) 94 4.34 (–0.49 to 9.17) 0.078
12 months 56.9 (19.6) 64 55.9 (19.8) 77 –0.84 (–6.33 to 4.65) 0.762

Interactionb 0.140
Pooled estimate 0.57 (–3.00 to 4.13) 0.756

CIH
Baseline 41.1 (22.2) 98 40.6 (19.8) 109
Post-treatment 50.0 (21.7) 83 51.2 (19.5) 101 0.79 (–4.37 to 5.94) 0.764
6 months 48.4 (21.3) 76 47.2 (16.9) 97 –0.77 (–6.09 to 4.55) 0.775
12 months 45.8 (18.5) 65 45.6 (15.8) 80 –0.17 (–5.34 to 5.00) 0.949

Interactionb 0.838
Pooled estimate –0.18 (–3.84 to 3.48) 0.923

a Estimated treatment effect adjusted for age, gender, BMI and source of referral.
b Treatment–follow-up interaction.
PF, physical function; RLP, role limitation–physical; RLM, role limitation–mental; SF, social functioning; MH, mental health; 
P, pain; EV, energy/vitality; HP, health perception; CIH, change in health score.
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FIGURE 5 Pooled treatment effects for the SF-36 dimensions. PF, physical function; RLP, role limitation–physical; RLM, role
limitation–mental; SF, social functioning; MH, mental health; P, pain; EV, energy/vitality; HP, health perception.



a reduction in the score of 0.4 mm (95% CI –4.2
to 4.9 mm, p = 0.86) after adjustment for baseline
values, BMI, age and gender. Thus, there was no
difference in health status between the groups, or
indeed any change in health status within the
groups as measured by the EuroQol VAS
instrument.

Strength and balance measures
Measures of strength and balance were obtained
for only a subsample of subjects (see Chapter 2).
The balance measures (AP and ML) and the
strength measure (maximum voluntary isometric
contraction – MVIC) were positively skewed. A
box-Cox transformation suggested a log
transformation to remove skewness. All three
outcomes were log-transformed. Table 10 gives the
raw arithmetic means for each treatment group
and an estimate of the ratio of the geometric
means adjusted for age, gender, BMI and source
of referral. 

There was evidence of improved balance and
strength immediately post-treatment. Although
the treatment–follow-up interaction term was not
statistically significant, the effect of treatment
appeared to reduce over time for all three
measures. This may be explained by a lack of
power in this subsample. Pooled estimates for AP
and ML were statistically significant, but it would
be inappropriate to conclude that there was a
sustained improvement in these to measures at 
12 months. Thus, while providing a short-term
greater improvement in strength and balance by 
6 months, there was significant treatment effect in
the supplemented group.

Range of movement (knee flexion)
There was evidence of an effect of treatment on
range of movement, but this was reduced at
follow-up (Table 11). The measurement of flexion

has a ceiling of less than 18 degrees for
anatomical reasons, resulting in the measure of
flexion being negatively skewed. In this sample the
maximum across all time-points was 155 degrees.
Use of a loge(155 – Y) transformation removed
this skewness and normalised the residuals of the
model. On this scale the results were broadly
similar to the non-transformed data. The
time–treatment interaction term was statistically
significant (p = 0.007). The cross-sectional
analyses at all three post-treatment time-points
were all statistically significant (post-treatment 
p < 0.0001, 6 months p = 0.023, 12 months 
p = 0.012). Thus, although statistically significant
differences were demonstrated between the groups
the size of the difference was small and of the
same magnitude as the measurement error
expected. As a result it would be inappropriate to
conclude that the class group demonstrated a
greater improvement in range of movement than
the home group.

Compliance with home exercise
There was some suggestion of increased activity in
the class group (Table 12). Although similar
proportions reported no change in each treatment
group, a greater proportion reported increased
activity in the class group and correspondingly a
smaller proportion reported reduced activity.
When an ordinal logistic model147 was fitted, the
common odds ratio was 1.82 (95% CI 0.92 to 3.62,
p = 0.09) at 6 months and 2.07 (95% CI 1.07 to
4.00, p = 0.03) at 12 months.

At 6 and 12 months subjects were asked the
frequency with which they conducted their home
exercise programme and the time they took
performing the programme. Tables 13 and 14,
respectively, show these responses. At 6 months
the median response was twice a week for both
groups. At 12 months the median response for the
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TABLE 9 EuroQol health VAS thermometer scores

EuroQol Thermometer Home Class Mean diff.a 95% CIb p

(mm)
Mean (SD) Mean (SD)

Baseline 66.7 (18.2) 66.7 (17.7)
Post-treatment 67.3 (18.1) 69.3 (16.9) 4.3 (–6.5 to 15.2) 0.43
6 months 65.6 (19.9) 67.5 (18.0) –2.0 (–16.3 to 12.9) 0.79
12 months 66.0 (18.8) 68.4 (16.3) 0.9 (–13.0 to 14.7) 0.91

Interaction 0.97
Pooled estimate 0.4 (–4.2 to 4.9) 0.86

a Estimated treatment effect adjusted for BMI, age, gender and baseline values. A positive mean difference represents
improvement.
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TABLE 10 Strength and balance scores

Home Class GMean 95% CI p

Mean (SD) n Mean (SD) n
ratioa

AP Mean
Baseline 2.13 (1.04) 23 2.15 (0.81) 29
Post-treatment 1.92 (0.76) 24 1.56 (0.35) 30 0.85 (0.74 to 0.97) 0.017
6 months 1.99 (0.68) 24 1.77 (0.38) 31 0.90 (0.79 to 1.04) 0.146
12 months 1.87 (0.42) 18 1.86 (0.45) 27 1.05 (0.90 to 1.22) 0.551

Interactionb 0.389
Pooled estimate 0.90 (0.81 to 0.99) 0.035

ML Mean
Baseline 1.77 (0.64) 23 1.75 (0.58) 29
Post-treatment 1.56 (0.56) 24 1.19 (0.30) 30 0.77 (0.67 to 0.88) 0.000
6 months 1.63 (0.54) 24 1.47 (0.39) 31 0.89 (0.78 to 1.02) 0.093
12 months 1.60 (0.36) 18 1.47 (0.32) 27 0.99 (0.86 to 1.13) 0.854

Interactionb 0.164
Pooled estimate 0.26 (0.38 to 0.15) 0.001

MVIC
Baseline 59.9 (25.1) 29 54.9 (24.6) 35
Post-treatment 59.9 (21.6) 25 71.1 (32.1) 31 1.16 (1.03 to 1.30) 0.014
6 months 63.9 (23.2) 25 68.7 (31.8) 34 1.02 (0.87 to 1.18) 0.828
12 months 65.6 (21.1) 16 70.5 (38.5) 27 0.99 (0.86 to 1.13) 0.854

Interactionb 0.085
Pooled estimate 1.06 (0.94 to 1.19) 0.359

a Estimated treatment effect as ratio of geometric means adjusted for age, gender, BMI and source of referral on a log scale.
b Treatment–follow-up interaction.
MVIC, maximum voluntary isometric contraction.

TABLE 11 Range of knee flexion

Flexion Home Class Mean 95% CI p

Mean (SD) n Mean (SD) n
diff.a

Baseline 114.7 (15.6) 103 117.9 (14.5) 111
Post-treatment 119.0 (13.9) 86 124.9 (12.2) 104 3.7 (2.0 to 5.5) <0.0005
6 months 119.1 (11.4) 79 121.8 (12.0) 103 1.7 (–0.1 to 3.6) 0.058
12 months 118.5 (11.7) 71 122.1 (11.3) 80 1.7 (0.0 to 3.5) 0.052

Interactionb 0.092
Pooled estimate 2.7 (1.2 to 4.2) 0.0005

a Estimated treatment effect adjusted for age, gender, BMI and source of referral.
b Treatment–follow-up interaction.

TABLE 12 Activity changes in each treatment group

6 months 12 months

Home (%) Class (%) Total (%) Home (%) Class (%) Total (%)

Increased 4 (6.5) 12 (14.3) 16 (10.8) 3 (4.3) 12 (15.4) 15 (10.1)
Same 41 (66.1) 57 (67.9) 98 (66.2) 42 (60.0) 47 (60.3) 89 (60.1)
Decreased 17 (27.4) 15 (17.9) 32 (21.6) 25 (35.7) 19 (24.4) 44 (29.7)

Total responses 62 84 146 70 78 148
n 103 111 214 103 111 214



class group was unchanged, while for the home
group it had reduced to once per week. At both 6
and 12 months there was no significant difference
in the frequency of exercise (Mann–Whitney U-test
p = 0.96 and 0.29, respectively).

The time spent performing the home exercise
programme is given in Table 14. There was no
evidence to suggest that the time spent exercising
differed between groups. At both 6 and 12 months
the median time spent exercising was between less
than 15 minutes for both groups (Mann–Whitney
U-test p = 0.60 and 0.34, respectively).

Ancillary analysis
Effect of self-instigated referrals
To assess the generalisability of the study, the self-
instigated group was compared with the standard
referral group (Table 15). There was evidence that
patients in the self-instigated referral group were
older but had better locomotor function with
lower ALF scores. In addition, the self-instigated
referral group had less walking pain at baseline. A
subgroup analysis was carried out to investigate

whether there was any difference in the effect of
treatment for self-instigated referrals compared
with standard referrals. This is important as it
could be that the self-instigated referrals would be
more motivated towards the class programme and
hence showed a greater treatment effect.
Alternatively, their less severe baseline symptoms
might lead to a reduced treatment effect as less
improvement was likely or necessary. Table 16
summarises the treatment–subgroup interaction
for the type of referral for the primary outcome
and the main secondary outcome measures. The
components of SF-36 listed are those in which an
overall treatment effect was found. 

The treatment–subgroup interaction term
represents the difference between the treatment
effect (class group mean – home group mean) for
the self-instigated referrals compared with
standard referrals. For ALF and its components
VAS and WOMAC, a negative effect represents
benefit of treatment. There was no difference
between the groups for the outcomes. This means
that the self-instigated referral subgroup appears
to have a slightly reduced treatment effect
compared with the standard referral. It should
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TABLE 13 Number of times a week performing home exercise

No. of times 6 months 12 months
a week

Home (%) Class (%) Total (%) Home (%) Class (%) Total (%)

0 23 (29.9) 24 (25.0) 47 (27.2) 32 (41.6) 29 (32.2) 61 (36.5)
1 4 (5.2) 9 (9.4) 13 (7.5) 9 (11.7) 11 (12.2) 20 (12.0)
2 12 (15.6) 17 (17.7) 29 (16.8) 8 (10.4) 15 (16.7) 23 (13.8)
3 6 (7.8) 14 (14.6) 20 (11.6) 10 (13.0) 11 (12.2) 21 (12.6)
4 7 (9.1) 3 (3.1) 10 (5.8) 4 (5.2) 5 (5.6) 9 (5.4)
5 7 (9.1) 6 (6.3) 13 (7.5) 4 (5.2) 3 (3.3) 7 (4.2)
6 4 (5.2) 2 (2.1) 6 (3.5) 1 (1.3) 2 (2.2) 3 (1.8)
7 12 (15.6) 19 (19.8) 31 (17.9) 9 (11.7) 14 (15.6) 23 (13.8)

14 2 (2.6) 2 (2.1) 4 (2.3) (0.0) (0.0) (0.0)

Total response 77 96 173 77 90 167

n 103 111 214 103 111 214

TABLE 14 Time spent performing home exercise

Time 6 months 12 months
(minutes)

Home (%) Class (%) Total (%) Home (%) Class (%) Total (%)

<5 7 (12.1) 5 (6.1) 12 (8.6) 1 (2.1) 8 (11.3) 9 (7.6)
<10 17 (29.3) 33 (40.2) 50 (35.7) 19 (39.6) 23 (32.4) 42 (35.3)
<15 13 (22.4) 21 (25.6) 34 (24.3) 14 (29.2) 25 (35.2) 39 (32.8)
<30 17 (29.3) 19 (23.2) 36 (25.7) 11 (22.9) 12 (16.9) 23 (19.3)
≥ 30 4 (6.9) 4 (4.9) 8 (5.7) 3 (6.3) 3 (4.2) 6 (5.0)

Total 58 82 Total 140 48 71 119



nevertheless be emphasised that this is only
statistically significant for ALF sit-to-stand 
(p = 0.047). This finding may relate to the better
prognosis of the self-instigated referral group.

Therapist and class effects
Only one physiotherapist was responsible for the
interventions in this trial. Arguably, this will
reduce the generalisability of the study. It should
be noted that the therapist worked according to a
well-defined protocol that was considered to
represent typical clinical practice. However, given
that the interventions were delivered to groups of
patients rather than individually there may be
some class effect, with patients in the same class
tending to have more similar outcome. Referred

to as intraclass correlation in statistical
terminology, this can affect the precision of the
estimates. Classes were small, varying in size from
seven to 16 with a mean size of ten, so that any
effect on precision is likely to be slight unless the
ICC was great for that outcome. 

A possible class effect was investigated using a
three-level multilevel model148 applied across all
three follow-up time-points. This incorporated a
level 3 variance term for the variation between
classes and a level 2 variance term for the
variation between patients. Preliminary results
suggest that the ICC due to class was small
(<0.02), leading to only a slight reduction in the
precision of the treatment effect estimate.
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TABLE 15 Comparison of characteristics of standard and self-instigated referrals

Standard referral Self-instigated

Freq. (%) n Freq. (%) pa

Women 82 (61) 135 43 (54) 79 0.37

Mean SD Min. Max. n Mean SD Min. Max. n pb

Age (years) 63.4 10.0 40.2 86.6 135 66.8 9.1 46.2 86.8 79 0.014
BMI 29.6 5.5 17.2 47.7 135 30.1 5.0 18.6 46.1 79 0.17
ALF 26.7 13.6 12.8 103.0 134 23.4 7.6 13.8 51.3 79 0.052
Flexion 116.7 15.2 70.0 145.0 135 115.80 14.90 45.00 140.0 79 0.69
VAS pain 65.3 18.8 17 100 135 58.5 15.7 10 97 78 0.007
WOMAC total 45.9 18.7 6 96 116 42.1 18.0 12 85 75 0.16

Pain 10.2 3.7 1 20 126 9.1 3.5 2 17 77 0.046
Stiffness 4.3 1.8 0 8 127 4.4 1.7 1 8 78 0.91
Physical 31.2 14.1 2 68 118 28.6 13.8 4 63 75 0.19
function

a Chi-squared test. 
b t-test.

TABLE 16 Subgroup analysis of self-instigated referrals compared with standard referrals

Treatment subgroup interactiona 95% CI p

ALF 1.38 (–0.83 to 3.59) 0.22
Flexion 0.48 (–2.63 to 3.59) 0.76
VAS pain 2.59 (–4.12 to 9.30) 0.45
WOMAC total 1.84 (–4.06 to 7.73) 0.54

Pain –0.57 (–1.58 to 0.43) 0.90
Stiffness 0.69 (–0.02 to 1.40) 0.058
Physical function 1.43 (–3.06 to 5.92) 0.53

SF-36 PF –2.43 (–10.47 to 5.61) 0.55
SF-36 P –3.23 (–11.35 to 4.89) 0.44

a Difference between the treatment effect (class – home) for the self-instigated referral group compared with the standard
referral group.



Adverse events
Despite the wide range of abilities of the patients
in the sample only one adverse event was
recorded. One patient, while performing one of
the home exercises, developed an inguinal hernia
that required surgical repair. Following an
interview with the patient it became apparent that
the exercise had been performed incorrectly and
did not represent any of the exercises that had

been prescribed in the home exercise programme.
This event led to a thorough search of the
literature for previous reports of such an
occurrence, with none being found. It was the
opinion of the trial steering committee that the
exercises, when performed as prescribed,
presented minimal risk of producing inguinal
herniation. The patient, the patient’s GP and the
local ethics committee were informed of the trial
steering committee’s findings.
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Introduction
This chapter describes the cost-effectiveness
analysis that was undertaken alongside the RCT.
The objective of the analysis was to assess the cost-
effectiveness of a class-based exercise programme
supplementing the home-based programme when
compared with just a home-based programme.
Costs were estimated from the perspective of the
NHS and effects were assessed in terms of health
gain expressed as QALYs. A further aim was to
estimate the probability that the class programme
is cost-effective over a range of values of decision-
makers’ WTP for an additional QALY.

Methods
The economic analysis is based on the trial
assessing the impact of a home-based exercise
programme compared with a class-based
programme. The patient sample, and therefore
the effectiveness data, is the same as for the
clinical trial that was detailed earlier. The analysis
takes an NHS perspective with effects assessed in
terms of health gains, measured in terms of
QALYs. All costs fell within a 1-year period and
therefore discounting was not appropriate. The
trial was randomised with the patient as the unit
of randomisation and also the unit of analysis.

Sources of data
Resource use
Data on resource use for the economic analysis
were obtained from examination of patients’
medical records and patient questionnaires
administered at baseline, 1 month, 6 months and
12 months. Data from questionnaires were
collected at attendance at outpatient appointments. 

The cost of the intervention being evaluated in the
trial was estimated from resource use data from
the clinical trial applied to national payscale
figures used in the Netten and Curtis
document.149 Resource use associated with giving
the class-based intervention was estimated using
average class size and duration. Both groups
received input from senior 1 physiotherapists; for

the economic analysis the additional cost of
providing the class-based programme is the
relevant cost. These costs include the capital and
overhead costs associated with the additional
physiotherapist time. In addition, any one-off
expenses incurred by the patients were included in
the analysis, and travel costs are examined in the
sensitivity analysis.

Unit costs
Unit cost data were obtained from a number of
sources. Inpatient cost per day and outpatient cost
per visit for attendances were both based on
national estimates.150 Estimates were inflated to a
1999/2000 price base using the Health Service
Cost index. 

The cost of a GP visit was derived from estimates
by Netten and Curtis.149 The unit cost estimate
includes cost of training as well as direct care
support staff and is inflated to a 1999/2000 price
base.

Health states and their value
The EuroQol 5 Dimensions (EQ-5D) instrument
was used to measures patients’ health states and to
ascribe values to those states.151 The EQ-5D
questionnaire was given to patients (face to face) at
baseline, and 1-, 6- and 12-month follow-up. The
EQ-5D was also sent to patients at 3 and 9 months
as a postal questionnaire. This instrument
measures patient health status across five
dimensions (mobility, self-care, usual activities,
pain/discomfort and anxiety/depression). Three
possible responses (no problems, moderate
problems or severe problems) are given by the
patient for each of these dimensions, reflecting the
patient’s perception of their health state. 

EQ-5D scores at baseline and follow-up were
converted to a utility score based on a tariff
derived from interviews with 3395 members of the
UK public.152 The two trial groups were compared
in terms of mean changes (compared with
baseline) in QALYs over the 12-month period.
This was achieved by plotting the EQ-5D utility at
baseline and at each intermediate point, and
calculating the area under the curve to estimate
QALYs gained (or lost) for each patient. Data from
postal questionnaires (i.e. at 3 and 9 months’
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Chapter 4

Cost-effectiveness analysis



follow-up) were not used as response rates were
under 50% and the biases introduced from using
these data could result in misleading conclusions.

Methods of analysis
Missing data and imputation
There is no formal test to verify the assumption
that data are missing at random (MAR), and this
assumption is often chosen as a starting point
when data are missing.153 If there is concern that
data are not MAR, it is possible in principle to run
the multiple imputation procedure using a model
that reflects hypothesised differences between
individuals with complete data and individuals
with incomplete observations. The results obtained
from the two models under the MAR and non-
MAR assumption can then be compared to obtain
a measure of the sensitivity of the inference to the
missing data process. In practice, modelling a
non-MAR process is not a trivial task, and it has
been demonstrated that exploring the assumption
of MAR relies on strong assumptions which are
not themselves testable.154 Therefore, for this
analysis it was assumed that data were MAR.

Missing data were imputed using SOLAS
(Statistical Solutions) using the propensity score
method (a non-parametric approach). Multiple
imputation replaces each missing value with
several imputed values instead of just one. This
gives a fuller reflection of the uncertainty
surrounding which value to impute. For this
analysis five datasets were generated, each with a
different set of imputed values. Values were
imputed for each of the dimensions of the EQ-5D
(rather than total score) and for each missing item
of resource use (rather than total cost).

Incremental cost-effectiveness ratios
and net monetary benefits
Traditionally, cost-effectiveness analysis has
involved the calculation of incremental cost-
effectiveness ratios (ICERs), where mean
differences in costs and effects under the
treatment and control arms were presented with
95% confidence intervals. The ICER is calculated
from the mean difference in cost and effect
between the two treatment options. Algebraically,
the ICER is represented as:

ICER =
C1–C0 = �C/�E———
E1–E0

where C1 are sample mean costs and E1 are sample
mean effects. These statistics are calculated in this

analysis. However, interpretation of ICER statistics
that cover more than one quadrant of the cost-
effectiveness plane is troublesome, and recent
papers have advocated the net benefit approach to
cost-effectiveness analysis.155,156 This approach can
be performed for this study quite simply. From the
five data sets generated through multiple
imputation, the net monetary benefit (NMB) was
calculated for each group. For specific levels of a
decision-maker’s maximum willingness to pay for
a QALY, the NMB of a strategy can be estimated
using the equation:

NMB = (� * QALYs) – Cost

For instance, if treatment A has a mean cost of
£100,000 and generates a mean of 5 QALYs with a
QALY valued at £30,000, then the NMB associated
with treatment A is (5 × £30,000) – £100,000 =
£50,000. 

It is also possible to express NMB at the patient
level by multiplying each patient’s QALY score by
the decision-maker’s assumed maximum value and
subtracting that patient’s costs. The patient-level
NMB is used in the derivation of the cost-
effectiveness acceptability curves (CEACs),
described below.

Clearly, the NMB is dependent on the value that is
placed on the QALY, but results of the analyses
indicate how sensitive the results are to changes in
this value. However, the uncertainty surrounding
the NMB statistic can be used to identify the
probability that a strategy is cost-effective using the
CEAC.157 The CEAC is a graphical representation
of the probability of an intervention being cost-
effective over a range of monetary values for a
decision-maker’s WTP for an additional unit of
health gain. The probability of an intervention
being cost-effective will differ according to the
valuation that the decision-maker places on a
QALY. For this analysis, the values zero, £1000,
£10,000, £20,000, £30,000, £50,000 and £100,000
were used as a range of the decision-maker’s WTP
for a health gain of 1 QALY. The value zero is
equivalent to a comparison of the groups in terms
of total costs, as outcomes are effectively not
considered (valued at zero).

Results
Resource use
Mean levels of resource use are presented in 
Table 17. These estimates utilise resource use data
estimated using the multiple imputation method
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and are the means across five data sets. For the
majority of these resource use variables, the class-
based programme resulted in a reduction in
resource use, which ultimately results in a
difference in total cost between the two groups.

Unit costs
Unit cost estimates used in the analysis are shown
in Table 18. The sources for these estimates are
detailed earlier in this chapter (section ‘Unit
costs’, p. 31).

Health states
The health states of the patients are shown in 
Table 19. The class-based intervention appears
to have a large impact on anxiety and 

depression; while the intervention group 
showed a marked increase in the percentage 
in the highest category, the percentage in the
control group fell considerably. Conversely,
patients in the control group performed 
better in terms of mobility and self-care than 
did those in the class-based intervention group,
although paradoxically the control group
experienced a fall in the percentage who had no
problems with usual activities, while the
intervention group had an increase in this
percentage. A possible explanation is that anxiety
and depression have a larger influence on usual
activities than do mobility and self-care; this is
only a hypothesis and more research would be
required to confirm the relationship between the
dimensions. 

Based on the estimates shown in Table 20, changes
in QALYs can be estimated as in the following
section. 
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TABLE 17 Mean resource use in the two groups over the 12-month study period

Home-based group (n = 103) Class-based group (n = 111)

GP home visits 0.30 0.09
GP surgery visits 6.94 6.09
District nurse visits 0.06 0.00
Practice nurse visits 1.86 1.27
Day hospital attendances 0.26 0.13
Day-case attendances 0.08 0.23
Inpatient length of stay 0.46 0.21
Outpatient attendances 0.75 1.11
A&E attendances 0.14 0.17

TABLE 18 Unit costs of resources used

Unit cost (£)

GP home visits (cost per visit) 59
GP surgery visits 19
District nurse visits 20
Practice nurse visits 10
Day hospital attendances 74
Day-case attendances 355
Inpatient cost per day Various (mean 348)
Outpatient attendances Various (mean 77)
A&E attendances 61

TABLE 19 Percentage of patients in each EQ-5D dimension by group at baseline and 12-month follow-up

Class-based (n = 111) Home-based (n = 103)

% of patients in % of patients in % of patients in % of patients in 
baseline health follow-up health baseline health follow-up health 
state state state state

1 2 3 1 2 3 1 2 3 1 2 3

Mobility 17.8 81.8 0.4 20.2 79.8 0.0 13.2 86.8 0.0 18.8 81.2 0.0
Self-care 69.2 29.5 1.3 61.4 38.6 0.0 61.0 38.8 0.2 70.3 29.7 0.0
Usual activities 20.0 73.0 7.0 23.6 74.4 2.0 19.4 76.5 4.1 13.6 81.6 4.9
Pain/discomfort 2.2 72.0 25.8 2.7 87.7 9.5 0.0 69.5 30.5 3.1 76.3 20.6
Anxiety/depression 48.6 46.2 5.2 63.2 32.1 4.7 54.0 38.0 8.0 44.9 51.5 3.7



Quality-adjusted life-years
As with the resource use data, mean change in the
number of QALYs is presented in Table 21. Both
groups are slightly better off in that they report an
increase in QALYs over the 12-month period.
These estimates are based on merged values from
the five data sets.

These differences are very small and do not
approach conventional levels of statistical
significance, with a standard error around the
difference in the mean QALY gain per patient of
0.0189. It is feasible that the use of the EQ-5D
and QALYs is not sensitive enough in this patient
population to pick up differences in patients’
health-related quality of life. However, these
results indicate that the class-based group
performed slightly better in that the gain in
QALYs was greater in this group than in the
home-based group. 

Total cost
The difference in total cost between the two
groups is presented in Table 22. These estimates
are again based on the merged data set and
include the cost of the intervention. There is
again, considerable uncertainty around these
estimates. The standard error around the
difference in the total mean cost per patient is
£100.32.

ICER
In this instance, the class group is associated with
a slightly better QALY profile and a slightly lower
cost. Specifically, the class group has a 0.023 QALY
gain compared with the home-based group, and a
reduced cost of around £5 per patient. In this
instance, calculation of the ICER is inappropriate. 

However, there is a large degree of uncertainty
around these results and neither the improved
patient outcomes nor the reduction in costs would
approach traditional levels of statistical
significance. Therefore, to deal adequately with
uncertainty the NMB approach was used and
CEACs were generated. The results of these
analyses are presented below.

NMBs and CEAC
Clearly, the value of NMB is dependent on the
value of a decision-maker’s WTP (�) for an
additional QALY. The probability of an
intervention being cost-effective will also depend
on this value. The CEAC is presented in Figure 6.
� is varied between zero (where gains in QALYs
are not valued at all) and £100,000. In the base-
case analysis, represented by the lower of the two
lines, it can be seen that a zero value of � gives a
probability of the class-based programme being
cost-effective of just over 50%. In effect, this
means that there is a probability of only just over
50% that the class group was cost-saving, as no
value was placed on QALY gains. However, the
probability of the class being cost-effective
increases as the value placed on � increases (as the
class is associated with an improved QALY profile).
At � = £30,000, an estimate frequently stated to
be the borderline value for the NHS, the class-
based programme has a probability of over 70% of
being cost-effective. Indeed, for all plausible
values of �, in the base-case analysis, the class
group is more likely to be cost-effective than the
home-based group.

Sensitivity analysis
Although the form of stochastic analysis
performed above addresses a large amount of
uncertainty in the analysis, it is still appropriate to
perform sensitivity to allow for variability and
methodological uncertainty.
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TABLE 20 Mean EQ-5D score at baseline and follow-up by group

Baseline 1 month 6 months 12 months

Home-based programme 0.50 0.52 0.54 0.53
Class-based programme 0.54 0.60 0.58 0.58

TABLE 21 Mean change in QALYs per patient over the 
12-month period

Mean QALY gain

Home-based programme 0.022
Class-based programme 0.045

TABLE 22 Total costs per patient in the two groups over the
12-month period

Class-based Home-based 
programme programme 
(n = 111) (n = 103)

Total cost £440.04 £445.52



Complete case analysis
This analysis is based on the sample of patients
with complete cost and outcome data (n = 74),
with 30 patients in the home-based group and 
44 in the intervention group. At least some cost
data were missing for 90 individuals, with at least
some outcome data missing for 83 individuals.
While this appears to be a large amount of 
missing data, the majority of cost data that were
missing were the answers to one question, 
rather than whole questionnaires; similarly, 
with the outcome data, the missing data were
frequently only one EQ-5D dimension at 
either baseline or follow-up. The point estimates
in this instance show similar results to the imputed
data. The results of this analysis were transformed
into an NMB framework and are shown in 
Figure 6. These results show the class-based 
group to have a higher probability of being 
cost-effective than the analysis using imputed 
data, but would not alter the decision at any 
value of �. The reduction in cost in this analysis
was only marginally in favour of the intervention,
while this analysis also demonstrated a more
favourable QALY change of 0.12 compared 
with the control group. This result is reinforced 
by the analysis of the VAS results, which showed
the class-based programme improving by 0.77

points compared with the home-based
programme.

Inclusion of travel costs
Travel costs were not included in the base-case
analysis. The rationale for this exclusion is that if
the intervention were to be rolled out across the
NHS, these travel costs (invariably incurred in and
around the Manchester area) would not be
generalisable to other settings. However, it is
feasible that these travel costs would have an
impact on the probability of the intervention
being cost-effective. A £50 travel cost was therefore
imposed on each individual in the intervention
group. The results of the sensitivity analysis
appear on the lower line of the CEAC, and show
that where a decision-maker’s WTP for a QALY is
very low, the probability of the intervention being
cost-effective is reduced. However, at a WTP of
£20,000-30,000 per QALY, the inclusion of travel
costs has little impact, with the probability of the
intervention being cost-effective being over 65%.

Conclusion
There is little evidence in the published literature
of the cost-effectiveness of patient exercise
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programmes in the treatment of osteoarthritis.
Lord158 conducted a full economic evaluation 
of a primary care-based education programme 
for patients with osteoarthritis. The authors 
found no significant differences in patient
outcomes, but a significant increase in costs
associated with the education programme, and
concluded that this supported the hypothesis that
GP-based patient education programmes are not
cost-effective. However, the authors used a 
cost-minimisation analysis as there were no
significant differences between groups in the
WOMAC score. This type of analysis has 
been criticised159 as inappropriate where the 
trial was not designed to show equivalence. In

addition, utility values were not assessed for the
groups.

The above analysis shows that, for most reasonable
values of a decision-maker’s WTP for an additional
QALY, the class-based programme is likely to be
cost-effective. This is due to both a small reduction
in the costs and a slight improvement in the QALY
score in the class-based group compared with the
home-based group. This is achieved by a reduction
in primary care contacts in the class-based group
and little difference in hospital-based attendances.
However, there is considerable uncertainty around
this estimate and a probability of approximately
30–35% that the intervention is not cost-effective.

Cost-effectiveness analysis
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Primary clinical outcome: 
ALF score
The supplementation of a home exercise
programme with a class-based exercise programme
resulted in a reduction in the time taken to
complete the locomotor functions of the ALF
outcome. This represents an improvement in
locomotor function. At post-treatment, 6 months
and 12 months the estimated effect of treatment
was a reduction of 3.45 (95% CI 2.44 to 4.46), 2.56
(1.31 to 3.81) and 3.68 (2.50 to 4.87), respectively,
after adjustment for baseline ALF, BMI, age,
gender and source of referral. Comparing the
adjusted class treatment with the home group
suggests that the reduction in ALF scores was 14%,
11% and 15% for post-treatment, 6 months and 12
months, respectively. This magnitude of treatment
effect is of a size on the threshold of a level
considered to be a minimum clinically important
difference.160 Thus, the supplemented group
experienced a small but greater improvement that
was maintained over the 12-month review period,
suggesting both short- and long-term benefit.

Comparison with previous work is impossible, as
no similar trial has been undertaken. The trial
with the closest design to the present study
involved the comparison of individual
physiotherapy sessions with a group-based class
exercise programme.161 However, that trial’s
primary aim was to compare a no-treatment
control with intervention (individual
physiotherapy sessions and class-based exercise)
and so was considerably underpowered to detect a
difference between the two intervention groups.
No statistically significant difference between
groups was detected. The Fitness Arthritis and
Seniors Trial (FAST)57 compared two exercise
interventions (aerobic and resistance exercise
groups) with a health education programme and
found a moderate-sized difference between the
groups for observed walking speed, although
comparing these effects with this study is difficult
owing to differences in the intensity, duration and
frequency of the trial’s intervention.

The majority of reported trials have used a no-
treatment control group and thus between-group
differences would be expected to be greater than

in this study, where both groups received
therapeutic intervention. However, despite this
methodological difference small to moderate
between-group differences were demonstrated in
the present study. This may suggest that the class-
based exercise programme was at least as effective
as and possibly more effective than some of the
programmes investigated previously.3,58,139

Secondary clinical outcomes
Walking pain
Supplementing a home exercise programme with
a class-based exercise programme led to greater
reduction in the pain experienced while walking.
At post-treatment, 6 months and 12 months the
estimated effect of treatment was a reduction of
18.1 mm (95% CI 14.4 to 21.8 mm), 11.4 mm (7.1
to 15.6 mm) and 15.2 mm (11.7 to 18.1 mm),
respectively. Comparing the adjusted class
treatment with the home group suggests that the
reduction in VAS scores was 33%, 21% and 25%
for post-treatment, 6 months and 12 months.
Thus, although the benefits of supplementation
declined over the 12-month review period long-
term benefit remained. The magnitude of
treatment effect was greater than recommended
minimum clinically important difference.160 Again,
a difficulty in comparing between-group
differences with previous studies exists as no trial
has previously compared similar interventions.
The two studies that were most comparable to the
present study57,161 both described small differences
in pain score improvement between two exercise
treatments; however, methodological differences
make meaningful comparisons difficult. 

Self-reported disability and health
(WOMAC, SF-36 and EuroQol)
The supplemented group demonstrated
statistically significant greater improvements in
total WOMAC score (pooled estimate –4.84, 95%
CI –1.97 to –4.84) and for each dimension
immediately post-treatment (pain –1.18, –0.52 to
–1.85; stiffness –0.46, –0.12 to –0.81; physical
function –3.39, –1.20 to –5.58). Treatment effects
were evident for total WOMAC score and each
dimension immediately post-treatment and at 
12-month review, apart from the stiffness
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dimension, which showed no effect at 12 months.
These results represent a smaller change in the
WOMAC dimensions and total score than in other
studies. Previous authors have reported moderate
to large improvements in pain and physical
function dimensions, although comparisons were
made with a non-intervention group161–164 and
therefore smaller differences in the present study
might reasonably have been expected. Certainly, at
post-treatment assessment the between-group
differences for the individual dimensions and total
score ranged between 11 and 16%, and if one
accepts the recommendation that changes of
approximately 20% are required to suggest a
“clinically important” difference,111 the statistically
significant between-group differences identified
with this outcome can be accepted as being of
small clinical effect.

Only two of the SF-36 dimensions demonstrated a
statistically significant treatment effect. The pain
and physical function dimensions demonstrated
small but statistically significant pooled treatment
effects of 7.39 (95% CI 3.43 to 11.34) and 5.61
(95% CI 1.69 to 9.52), respectively. These
treatment effects are of the same magnitude as
those demonstrated by the pain and physical
function dimensions of the WOMAC. A treatment
effect was identified for the energy and vitality
dimension at 6 months, suggesting that the
supplemented group had marginally greater
energy and vitality at this review. It is likely that
this finding is spurious as no obvious explanation
for this transient treatment effect is apparent.
There was no significant change in health status as
measured by the EuroQol health VAS, with neither
group showing any change in health status. This
lack of change may represent a lack of sensitivity
of the instrument in this patient group; however,
this finding is similar to the trend observed with
the SF-36 instrument.

Strength, balance and range of
movement
Improving muscle strength is one of the primary
aims of exercise treatment and one of the primary
recommendations for treatment of patients with
knee osteoarthritis.26,46,54,56 A convincing body of
evidence exists that suggests exercise treatment,
incorporating a degree of muscle strengthening,
produces a small to moderate improvement in
pain and function in knee osteoarthritis.25,26,60

Although the effectiveness of exercise as a
treatment modality in knee osteoarthritis is
generally accepted, the mechanism by which
improvements in pain and function are produced
is far from established. However, a common theme

of the literature is that muscle strengthening
produces an improvement in the sensorimotor
control of the knee joint during functional
activities, leading to a reduction in shock impact
on the joint, which in turn reduces the pain
elicited during these activities.121,165–168

Treatment effects were observed for balance,
strength and range of movement immediately
post-treatment, suggesting that the supplemented
group had small but statistically significant greater
improvement. None of the outcomes
demonstrated statistically significant differences at
the 6- or 12-month review, suggesting that
supplementation led to only temporary
differential benefit for these outcomes. The
pooled estimates for balance (AP GMean ratio
0.90, 95% CI 0.81 to 0.99, ML GMean ratio –0.26,
–0.15 to –0.38) and range of movement (mean
difference 2.7, 95% CI 1.2 to 4.4) suggested that
there may be a lingering differential improvement
for these outcomes, but of a small scale. The
pooled estimate for strength showed no significant
difference in GMean ratio (1.06, 95% CI 0.94 to
1.19), suggesting that the difference observed
post-treatment was not maintained at the 6- or 
12-month review.

In this study patients demonstrated a short-term
improvement in muscle strength. At post-
treatment assessment there was a statistically
significant difference between the two treatment
groups, with the class group demonstrating
greater strength. The size of this difference was
small to moderate (GMean ratio 1.06, 95% CI
0.94 to 1.19), but at the 6- and 12-month
assessments was reduced to a small and non-
significant difference (p > 0.05). This finding
suggests that supplementation led to a short-term
differential improvement in lower limb strength,
but when the intense exercise of the class-based
programme was no longer performed this
differential benefit was quickly lost. It is well
established that intensity of exercise has significant
bearing on the degree of strengthening
achieved;169 consequently, equivocal, long-term
gains in muscle strength might be expected from
two groups of patients performing equivocal home
exercise programmes.

Patients with knee osteoarthritis have reduced
knee flexion compared with age-matched
controls45,61 or their own asymptomatic knee,45,127

with reduced knee flexion being shown to have a
weak association with observed and self-reported
disability.127 Patients with knee osteoarthritis
demonstrate considerably less knee flexion when
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performing locomotor functions and instead
develop compensatory mechanisms to achieve
functional ability.61 The patients in this study
demonstrated very similar amounts of knee
flexion (116 degrees, SD 15 degrees) to values
reported by Messier and colleagues45 (118 degrees,
SD 17 degrees), who used the same methodology
to obtain data. However, two other studies using
different methods of measuring range
demonstrated greater127 and lesser degrees of
flexion.61 Differences in subject age, BMI and
methodologies of the studies may explain these
differences.

The supplemented group demonstrated a small
but statistically significant greater improvement in
range of knee flexion immediately post-treatment
(3.7 degrees, 95% CI 2.0 to 5.5 degrees). No
difference in treatment effect was observed at the
6- and 12-month reviews. These findings compare
very well with the findings of the five previous
exercise trials that have included range of
movement as an outcome assessment.
Unfortunately, all of these trials were
underpowered to detect even a large difference in
knee flexion, with all58,59,170,171 but one172 finding
no significant difference in knee flexion. The one
exercise trial that demonstrated a difference
between a home exercise programme and a
control group172 involved the patients taking a
regular course of NSAIDs in addition to exercise.
However, despite this analgesic influence, the
degree of between-group difference was of a
similar magnitude to that in the present study,
with an initial improvement of five degrees being
reported.

It would appear that this study has concurred
with previous work in presenting evidence to
suggest that knee flexion range of movement 
was only improved by a small degree with 
exercise programmes aimed at strengthening
lower limb muscles. Although a small number of
exercise trials included an element of joint
stretching within their interventions, none of
them used range of movement as a primary
outcome measure. This lack of emphasis, which
was also a feature of this study, means that the
effectiveness of a deliberately designed stretching
programme on increasing knee flexion and
improving disability has not been established.
This presents another area for further
investigation as the available literature has not
examined stretching as an effective treatment
option and consequently its effectiveness in the
treatment of knee osteoarthritis remains
unquantified. 

Compliance with home exercise
The compliance of patients with exercise
programmes is “important in degenerative
conditions since long-term efficacy of treatment
depends partly on compliance with the therapeutic
exercises recommended for the patients”.134

Unfortunately, in an outpatient setting, non-
compliance with exercise therapy is particularly
high,173 with long-term compliance being even
more difficult to achieve as patients no longer
receive motivation from their therapists and do
not receive feedback about their progress.173

Non-compliance has been defined as “a failure by
patients to follow advice”133 and non-compliance
with physiotherapy regimens in the treatment of
knee osteoarthritis is well documented.133,134

As part of the assessment of compliance, attendance
rates for the class group were recorded. Median
attendance rate was 81% (interquatile range 62 to
94%), which compared well with previous
work.50,56,57 At both 6 and 12 months there was no
significant difference in the frequency of home
exercise performance between the groups
(Mann–Whitney U-test p = 0.96 and 0.29,
respectively). There was also no evidence to suggest
that the time spent exercising did not differ between
groups. At both 6 and 12 months the median time
spent exercising was less than 15 minutes for both
groups (Mann–Whitney U-test p = 0.60 and 0.34,
respectively). There was, however, some suggestion
of increased physical activity levels in the class group.
Although similar proportions reported no change in
each treatment group, a greater proportion reported
increased physical activity levels in the class group.
When an ordinal logistic model147 was fitted the
common odds ratio was 1.82 (95% CI 0.92 to 3.62, p
= 0.09) at 6 months and 2.07 (95% CI 1.07 to 4.00,
p = 0.03) at 12 months, suggesting that the class
group was indeed describing greater physical activity
levels at both reviews.

Of the patients who continued to undertake the
home exercise programme, less than 10 minutes
was spent undertaking the home exercises, twice a
week, in the majority of patients of each group.
These figures are quite a departure from the
recommended daily exercise programme that
should realistically have taken approximately 
15 minutes to perform; thus, compliance with the
home exercise programme could be classified as
poor, a finding that has been reported by several
authors.133

Summary of economic evaluation
The group with the supplementary class-based
exercise programme was associated with a slightly
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better QALY profile and a slightly lower cost
compared with the home-based programme 
alone. The class supplementary programme was
very slightly less expensive, as there was a
reduction in primary care contacts with little
difference in hospital-based attendance costs
compared with the home-based group. Thus, the
supplementary class-based programme was
considered a dominant case in that it was less
expensive and improved patient outcomes. In
addition, for most reasonable values of a decision-
maker’s WTP for an additional QALY, the class-
based programme was likely to be cost-effective.
However, there is considerable uncertainty 
around this estimate and a probability of
approximately 30–35% that the intervention is 
not cost-effective.

Explanations of findings
Why did the supplementation of the home
exercise programme with a class-based exercise
programme lead to greater improvement in
locomotor function? If one considers the
multifactorial nature of the physical and
psychosocial components of knee osteoarthritis, it
becomes apparent that determining the relative
contribution of these elements to the observed
improvement is impossible. However, although the
treatment interventions were likely to have
influenced psychosocial factors, they were
primarily physical interventions and consequently
physical factors might have been expected to have
the greatest influence on the improvements in
pain and function observed. 

Physical factors
Deficit in the neuromuscular control of the knee
has been shown to be evident in patients with
knee osteoarthritis,121 and is seen as an important
factor in the production of pain174 and in the
reduction in locomotor function.167,175 Efficient
neuromuscular control requires efficient
coordination of strong muscles,176 and
interventions that have increased muscle strength
and improved sensorimotor control have been
shown to improve pain and reduce locomotor
dysfunction.56,177 The patients in the present 
study demonstrated improvements in muscle
strength and balance ability after treatment with
greater benefits being demonstrated post-
treatment by the class group. The class group
demonstrated a correspondingly greater
improvement in locomotor function and a 
greater reduction in pain at post-treatment
assessment. 

Improvement in muscle strength has been shown
to improve locomotor functional ability.37,167 This
is due to a greater ability to generate the muscular
forces required to move body weight, and leads to
an increase in the speed and efficiency with which
functional tasks are performed1.76,178 Patients may
demonstrate a greater ability to generate muscular
force owing to a reduction in the arthrogenic
inhibition that accompanies knee osteoarthritis.179

Hurley and Scott37 demonstrated that a
rehabilitation programme, not dissimilar to the
class group in the present study, reduced the
degree to which the quadriceps muscle was
inhibited, and although this was not assessed in
this trial it may have been a factor in the improved
strength demonstrated in the present study. Strong
musculature around the knee joint also provides
functional stability for the joint during activity.179

Functional joint stability is the stability of the joint
during activities, and requires muscular
contraction to protect the joint by reducing
excessive shearing and straining movements with
coordinated and powerful muscular
contractions.121 Increasing muscular strength will
improve the functional stability of the joint and
thus reduce damaging shearing and straining
movements within the joint, leading to reductions
in pain during activity.121

Strength gains are accelerated by increasing both
the intensity of the exercise and the frequency with
which it is conducted.169 Consequently, it would
seem reasonable to expect the class group to have
gained greater strength during the treatment, as
patients in this group undertook more exercise
than the home group. Furthermore, the class
programme exercise was more intensive than that
undertaken by the home exercise group. The class
group’s decline in strength, to the levels of
improvement demonstrated by the home group at
the 6-month assessment, may have been due to
the lack of continued frequent and high-intensity
exercise, particularly as declines in strength have
been demonstrated with reductions in the demand
of exercise programmes.180

Balance had improved at post-treatment
assessment for both groups. Again, the class group
demonstrated greater improvement than the
home group, suggesting that neuromuscular
control was greater for these patients following
treatment. Improvements in balance have been
shown to reduce the variability of the forces and
moments experienced by the knee during gait,181

and thus can potentially reduce the pain
experienced during walking and improve the
speed and efficiency of this locomotor function.56
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Neuromuscular control has been shown to be most
effectively improved with the use of exercises that
deliberately target the sensory systems involved in
the maintenance of balance.182 Both groups
undertook exercises that were designed to
challenge the sensorimotor control of balance;
however, the frequency and intensity of the
challenge to balance were greater in the class
group. Both groups undertook exercises that
aimed to improve static balance as part of their
home exercise programme, but only the class
group undertook exercises aimed at improving
dynamic balance. Dynamic balance was challenged
with the use of wobble boards and during
accelerated walking exercises undertaken during
the class programme. This may explain why
improvement in neuromuscular control was
greater in the class group at post-treatment
assessment, but after 6-months, owing to the lack
of continued stimulus of the class-based exercises,
was not different from the home group.

Exercise treatment has been shown to improve
aerobic work capacity, even with exercise
programmes that were not aerobic in nature and
instead used resistance exercises similar to the
exercise programmes adopted in the present
study.55 Patients with knee osteoarthritis have been
shown to have reduced aerobic work capacities to
the extent that aerobic threshold may be reached
in the course of daily activities.46,55,183 Becoming
breathless by simply walking up a few steps
reduces the physical activity undertaken by
patients with knee osteoarthritis, and although
this parameter was not assessed in the current
trial, it may have been influenced by the
treatment. The class group undertook a shuttle-
walking test ‘warm up’ at the beginning of the
class. This testing procedure encouraged patients
to accelerate their walking over a 5-minute period
and has been used extensively as a method of
testing and improving aerobic capacity.143 It is
likely that the class group received benefit from
this part of the programme, with this benefit
contributing to the superior improvements
demonstrated at post-treatment assessment. 

At post-treatment assessment the link between
physical reasons for improvement and actual
improvement in locomotor function and reduction
in pain appeared to be strong. Improvement in
locomotor function and reduction in walking pain
were greater in the class group, and were
accompanied by greater improvement in strength
and neuromuscular control, suggesting that
physical improvement had strongly contributed to
the observed improvements. However, at the 6-

and 12-month assessments, although there
continued to be superior improvement in
locomotor function and walking pain in the class
group, all strength and neuromuscular control
measures were not significantly different from the
home group. This suggests that the influences on
locomotor function and pain at 6 months were not
solely physical and that other factors had led to
the maintenance of this differential improvement;
there are likely to be other factors influencing the
effectiveness of the two treatments and these
factors are likely to be psychosocial in origin.

Thus, it can seen from the previous discussion that
as the treatment programmes were
multidimensional and were aimed at improving
the patients’ strength, proprioception and balance,
many possible physical explanations for the
improvements demonstrated could be considered.
It is likely that all of these mechanisms were
influenced by treatment, to varying degrees, and
although these mechanisms may explain some of
the improvement demonstrated, other factors
must be considered. In addition to the physical
factors influencing treatment effectiveness, several
psychosocial and environmental factors must be
incorporated into this discussion.

Psychosocial factors
Certain personality traits have been shown to
influence the degree to which knee osteoarthritis
affects patients.46 It has been shown that there is a
relationship between anxiety, depression and pain
severity, and that joint pain and disability in older
people depend as much on factors such as
depression and isolation as they do on the severity
of joint damage.5,12 In a later study the same
authors again found that anxiety in conjunction
with the patient’s perception of their ‘helplessness’
was associated with the degree of disability
experienced.184 Rehabilitation programmes that
have incorporated advice and education sessions
as well as exercise have been shown to reduce
anxiety and depression and increase self-efficacy
in patients with knee osteoarthritis.30,34,48,185 It is
likely that the improvements demonstrated by
each group in the present study were in part due
to the benefits gained from the advice and
education sessions received. However, each group
received equal amounts of advice and education,
and so the differential improvement between the
groups is not fully explained by this factor alone. 

Improvements in both compliance with exercise
and locomotor function have been linked with the
degree of social support received by the
patient48,185,186 both in terms of the support
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received at home and during the treatment
sessions. The class group received considerably
greater support and social contact from the
treating physiotherapist and from other patients,
and so differential improvement between the
groups may have been considerably influenced by
this factor. In addition, issues of expectation of
benefit have been shown to have a large influence
on exercise compliance and subsequent
improvement.133 The trial had an open design,
with patients in either group being aware of
approximately what the other group was receiving.
Consequently, the patients in the class group may
have felt that the supplemented programme was
more likely to be effective owing to the greater
degree of attention that they were receiving, and
consequently expected greater improvement from
the treatment than did the home group. 

Despite the likelihood that the class group
benefited from greater ‘positive’ psychosocial
influences during treatment, compliance with the
home exercise programme at 6- and 12-month
assessments was not different between the groups.
This might suggest that by 6 months psychosocial
influences on exercise behaviour were not
significantly different between the groups and so
an explanation of why a differential improvement
between locomotor function and walking pain
between the groups still existed is not simple. The
explanation of this finding is likely to be
multifactorial and involve influences from both
physical and psychosocial areas. An analysis of the
psychosocial influences in knee osteoarthritis was
not designed to be a feature of the present study,
but further investigation of these factors provides
an exciting area for further research as the
influence of psychosocial factors may be large.

Overall implications of the study
Validity
The main threats to the validity of the trial were
controlled for by adopting a blinded assessment,
RCT methodology. Potential threats to the trial’s
validity were included in the minimisation
allocation process, and another factor (self-
instigated referrals) that arose as a result of a
change in referral patterns was included as a
covariate in the between-group analysis, so that its
influence might be assessed. 

To assess the effect of the influence of the
subgroup of patients who self-instigated their
referral for treatment an ancillary subgroup
analysis was carried out to investigate whether

there was any difference in the effect of treatment
for self-instigated referrals compared with standard
referrals. This was considered important as it was
possible that the self-instigated referrals would be
more motivated towards exercise and hence
showed a greater treatment effect. There was no
difference between the groups for the outcomes
apart from sit to stand, which showed a very small
negative effect. This means that the self-instigated
referral subgroup appeared to have a similar
treatment effect compared with the standard
referral group, suggesting that the subgroup of
self-instigated referral patients had not unduly
influenced the generalisability of the trial findings.

The outcome measures used were selected after
reviewing the literature for their appropriateness,
reliability and proven validity with this population.
Outcome measures that had not been previously
validated were assessed for reliability and validity
before being used in or during the course of the
trial. Practice or learning effects were identified
before the start of the trial and familiarisation
visits incorporated to reduce this threat. Testing
effects were minimised and analysed by reducing
the number of assessments that were required for
the majority of the patients, stratifying equal
numbers of full and core assessment patients into
each treatment group, and by assessing the effect
of the extra assessments during analysis. Outcome
measures were analysed to establish their
measurement error and the magnitude of their
smallest detectable difference. The trial’s primary
outcome measure was shown to have a low smallest
detectable difference (9.5%), smaller than the
treatment effects observed in the trial. 

The trial was an open design, with blinded
assessment; thus, a degree of control for
experimenter expectancy was ensured. However,
without a non-intervention control group the
chance of a systematic error due to an unconscious
belief, on the part of the lead investigator, that
both exercise programmes should improve
symptoms, may have led to a falsely high
improvement within both groups. This was
combated by ensuring that a standardised
assessment protocol was adopted for each
assessment but an expectation of effect or
willingness to please the investigator, the Avis
effect,187 may also have led patients to perform in
a manner that was superior to their normal
locomotor function. Random allocation to
treatment group would have controlled for the
influence on between-group effects, but this factor
needs to be considered when interpreting any
within-group analysis.

Discussion
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Despite the wide range of abilities of the patients
in the sample, only one adverse event was
recorded. One patient, while performing,
incorrectly, one of the home exercises developed
an inguinal hernia that required surgical repair.
This event led to a thorough search of the
literature for previous reports of such an
occurrence, with none being found. It was the
opinion of the project team that the exercises were
unlikely to have caused the event and the patient,
patient’s GP and the local ethics committee were
informed of this. Despite this one incident the
intervention and assessments appeared
appropriate, comfortable and enjoyable for the
patients.

The trial had strong generalisability to the clinical
situation. To control for threats to the trial’s
validity the selection criteria were designed to
include typical patients with knee osteoarthritis
who might be referred to physiotherapists for
treatment. Selection criteria were designed
following a review of the literature and in
discussion with expert clinicians in the field. While
non-stringent selection criteria allowed the
creation of a heterogeneous sample, they excluded
patients whose inclusion may have provided a
threat to the internal validity of the trial. The two
interventions were designed to be representative
of current clinical practice after reviewing the
literature and discussion with expert clinicians in
the field. The programmes were considered to
represent best current clinical practice and that a
pragmatic trial evaluating differences between the
provision of the two programmes would be most
useful to clinicians in the field. 

Although the validity of the trial may have been
threatened by the individual nature of the exercise
programme and the capabilities of the treating
physiotherapist, it was considered impossible to
include multicentre treatment as a method of
reducing this threat, because of time and resource
constraints. Arguably, the individual nature of the
provision of the exercise programme may have
reduced the generalisability of the study. It should
be noted that the therapist worked according to a
well-defined protocol that was considered to
represent typical clinical practice. However, given
that the interventions were delivered to groups of
patients rather than individually there may be
some class effect, with patients in the same class
tending to have more similar outcome. Possible
class effect was investigated in an ancillary
analysis, using a three-level multilevel model148

applied across all three follow-up time-points. The
ICC due to class was small (<0.02), leading to

only a slight reduction in the precision of the
treatment effect estimate and suggesting that the
influence of the individual therapist and particular
class groups was minimal.

Analysis of clinical effectiveness was structured to
adjust for loss to follow-up using the statistical
model described. A more conservative statistical
approach to this issue was also reported by
calculating the ITT analysis values for the trial’s
primary outcome measure. By using the LVCF
method of imputing missing data a smaller
treatment effect was observed. Although this value
represents a small treatment effect it is still greater
than the 10% recommended as a minimal
clinically important difference (MCID) and
consequently does not threaten the conclusion that
the supplementation of home exercise with a class-
based exercise programme leads to small but
clinically meaningful improvement in locomotor
function.

Minimal clinically important differences
To address the difficult question of whether
treatment effects were of a magnitude that might
be considered clinically significant an investigation
of this area’s MCIDs was undertaken. An MCID
has been defined as the smallest difference in an
outcome measurement that is perceived as
beneficial and, in the absence of excessive side-
effects, would lead to a change in the patient’s
management.188 The process requires that the
difference observed is assigned an importance
using a valid method of rating.188 Nine methods
for determining MCIDs have been described, with
techniques ranging from patient perspective
rating to clinician consensus rating, with each of
the methods having operational advantages and
disadvantages.188

In the field of knee osteoarthritis, expert clinician
consensus, using the Delphi approach, has been
undertaken for MCIDs with certain key outcome
measures.160 In 1992 this eminent consensus
committee recommended that an MCID for
overall pain assessment, using a VAS for pain, was
15 mm and that a difference in 8-m walk time
should be at least 1.6 seconds (20%). Thus, the
between-group difference at post-treatment
assessment, for the VAS pain score, of 18 mm
(33%) was above these MCIDs, while the primary
outcome of ALF score was slightly under the
recommended threshold at 3.5 seconds (14%). At
12-month review the ALF score was slightly under
the threshold at 15% difference, while the VAS
pain score remained above the clinically important
threshold (15.2 mm). In the most recent studies of
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the effectiveness of exercise in knee osteoarthritis
sample sizes have been calculated with minimum
required difference scores of 10% for VAS pain34

and 10% for a timed locomotor step test, similar
to the ALF procedure.172 This may suggest that

the MCIDs described by Bellamy and colleagues160

are a little high, and that on balance there is
evidence to support the assertion that the
differences demonstrated in this trial are clinically
meaningful.

Discussion
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This report has described the relative clinical
effectiveness and cost-effectiveness of two

methods of providing exercise treatment for
patients with knee osteoarthritis. The decision to
evaluate this particular aspect of treatment in this
condition was based on a review of the literature
and a desire to evaluate common physiotherapeutic
practice. The trial met its aims and objectives,
answered the main research questions and provided
results that can foster further research. The findings
of this trial will have contributed to the
accumulated knowledge in this area and provided
evidence that may influence clinical practice.

Healthcare implications
In summary, the implications of this trial were
clinically significant. The supplementation of a
home-based exercise programme with a class-
based exercise programme led to small but
superior improvement in the supplemented
group, improvement that was still evident 
12 months after the cessation of the exercise
classes. This improvement was mirrored in the
quality of life measures used in the economic
evaluation, with the group receiving the
supplementary programme showing small
improvements in QALY scores compared with the
home-based programme. The additional cost of
this improvement was offset by savings elsewhere,
mainly in a reduction in primary care contacts.
The supplementary class-based programme was
therefore likely to be cost-effective, although there
was considerable uncertainty in the analysis. 

Both programmes led to an improvement in
locomotor function and walking pain, with these
improvements being accompanied by short-term
improvements in lower limb strength, balance and
range of movement. The effect of the treatments on
the primary outcome measures of the trial could be
confidently generalised to the population of patients
with knee osteoarthritis, and revealed that the size of
the differential improvement between treatments in
ALF and VAS pain scores could be considered
clinically significant at post-treatment and follow-up
assessments. The size of the treatment effects was
generally small, apart from the reduction in pain
reported while walking, which was moderate to large.

The differential improvement between the two
exercise programmes was thought to be due 
to a combination of physical and psychosocial
factors. The supplemented group undertook
exercise that required more time to undertake, 
was more frequently undertaken and was of a
higher intensity than the home group. Physical
factors such as strength and neuromuscular
control were thought to have improved as a 
result of the greater focus on these activities 
in the supplemented group. However, the
differential improvement in all the physical 
factors was not maintained over the 12-month
review period, whereas the primary outcome
improvement remained greater in the
supplemented group. The psychosocial benefits of
the supplemented programme may have
contributed to maintenance of this differential
improvement. 

Compliance with the home exercise programme
was not different between the groups at the 6- and
12-month reviews, although the supplemented
group did describe increased physical activity
levels. Compliance with a home exercise
programme has been shown to be an important
factor in the effectiveness of the treatments, but
was not influenced by supplementation with an 
8-week class-based exercise programme, despite
the considerable difference in the intensity of the
two treatments. This suggests that the optimal
method for providing class-based exercise
programmes, to facilitate compliance, has yet to
be established and offers an interesting area for
exploration.

Recommendations for future
research
This investigation has highlighted a number of
areas that require further investigation before the
optimal method of providing exercise for patients
with knee osteoarthritis can be realised. Some of
these questions can be addressed using data
collected during the course of this investigation,
whereas others will require specific investigation
via further qualitative and quantitative methods.
These questions, in order of priority are listed
below.
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Conclusions



Would the effect of staging the
interventions in the primary care
setting influence effectiveness?
The vast majority of patients with osteoarthritis of
the knee are managed in the primary care setting.
The effectiveness of these interventions needs to
be evaluated in this setting, where the beneficial
effects of these interventions may have a
considerably larger effect on the economic burden
of this condition.

How can adherence with home exercise
be increased?
Long-term adherence with prescribed home
exercise was not significantly improved with the

provision of 8 weeks of intensive class-based
exercise. Methods of optimising adherence with
home exercise programmes need to be
established.

What are the factors that led to
maintenance of locomotor function
improvement while improvements in
muscle strength and balance failed to
be maintained?
The maintenance of improved locomotor function
could not be solely attributed to physical
improvement. The psychosocial influences on
function in response to exercise provision require
further exploration to optimise treatment effects.

Conclusions
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Appendix 1

Compliance questionnaire

PLEASE ANSWER THE FOLLOWING QUESTIONS HONESTLY.  THE ANSWERS YOU 
GIVE WILL NOT AFFECT ANY FURTHER TREATMENT YOU MAY RECEIVE.

 

1. IN THE LAST MONTH, HOW MANY TIMES A WEEK HAVE YOU BEEN DOING THE 
EXERCISES SHOWN TO YOU BY THE PHYSIOTHERAPIST?  

a. Never.  
b. Once a week.  
c. Twice a week.  
d. Three times a week.   
e. Four times a week.   
f.  Five times a weeek.   
g. Six times a week.   
h. Every day.  
i. Twice a day.  

2. WHEN YOU DO YOUR HOME EXERCISES, HOW LONG DO YOU SPEND DOING THEM?  

a. Less than five minutes.

b. Less than ten minutes.

c. Less than fifteen minutes.

d. Less than half an hour.

e. More than half an hour.

3. IF YOU HAVE STOPPED DOING THE EXERCISES, HOW LONG AGO DID YOU STOP? 

a. I have not stopped.

b. Less than a week ago.

c. Less than a month ago.

d. If more than a month ago please note how many months ago.   ………….

4. HAS YOUR PHYSICAL ACTIVITY LEVEL –  

a. Gone Up 

b. Gone Down

c. Stayed the same





Education information
What is osteoarthritis?

What causes osteoarthritis?

Effects of gender, sport, weight, lifestyle, etc.

What are the treatment options for osteoarthritis?

What has physiotherapy to offer?

What are the benefits of exercise for knee osteoarthritis?

The importance of doing exercises.

Advice for both groups of patients with knee osteoarthritis
Reduce the stress on your joints by keeping your weight to a reasonable level.

Walk or stand within the limits of your pain.

Use a walking stick if you need to reduce stress on your joints.

Balance work and rest to avoid any undue fatigue.

Rest for 5–10 minutes in every hour of prolonged physical activity.

Adapt the chair you regularly sit in so that your hips and knees are at a right angle; this will make it
easier for you to stand up and sit down.

Avoid the same knee posture for longer than 30 minutes at a time.
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Appendix 2

Educational information and advice presented 
to patients
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Appendix 3

Home exercise sheet

STRETCHES Do these stretches, three times on each leg.

Daily Home Exercises

HIP. With one foot in front of the other gently “lunge” forward onto your front foot. You should 
feel a slight stretch on your back leg. 

ANKLES. Hold onto a work surface or table and without letting your heels come off the floor 
gently “dip” downwards until you feel a gentle stretch around your ankles.

1. BALANCE.

2. EXERCISES.

In standing tighten your thigh muscles as tight as you can.

Stand next to your work surface or table and lift one foot off the floor slightly. Bend your knee 
slightly. Balance for as long as you can on one foot. When you lose your balance stand on both feet 
for a few seconds and then balance on the other foot.

Do this for two minutes.

Hold for ………………….  seconds. Do this three times.

Sit down on a kitchen or dining room chair. Stand half the way up and hold your bottom 10 inches 
off the chair.

Hold this for ………………….  seconds. Do this three times.

Gently go from sitting to standing and back down again. Do this as smoothly as you can.

Do this ………………….  times daily.

Sitting on a chair, slowly straighten your leg out in front of you.

Hold this for ………………….  seconds. Do this ten times daily.
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