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GLOSSARY

Grouped Interventions set
The Grouped interventions set of comparators was defined according to the alternatives available to a
general practitioner in the NHS after the initial prescription of medication and advice. This was
motivated by the requirements of the economic evaluation part of the project. Many of the main
interventions were considered to be utilised within a physiotherapy session as part of the repertoire of
a physiotherapist, and the GP’s choice was whether or not to refer to a physiotherapist. For this
reason, these main treatments were collectively defined as physiotherapy.

Kellgren and Lawrence scores
Kellgren and Lawrence scores are generated by the classification for osteoarthritis (OA) described by
Kellgren and Lawrence. This classification is the most widely used radiological classification to identify
and grade OA. Kellgren and Lawrence defined OA in five grades (0, normal to 4, severe).

Likert scale
An interval-based multiple-choice style of question used in questionnaires.

Therapy-only Interventions set
The Therapy-only intervention set was defined such that any adjunct treatments for an intervention
were grouped together. So there were 22 possible individual interventions in the analysis.

Therapy-plus-adjunct Interventions set
The Therapy-plus-adjunct interventions set was defined to evaluate plausible differences in treatment
effect between the competing interventions as defined at the main intervention plus adjunctive therapy
level, e.g. acupuncture plus standard care versus acupuncture plus home exercise.

WOMAC
WOMAC is a widely used self-administered health status measure that assesses the dimensions of
pain, stiffness, and function in patients with OA of the hip or knee; it is available in 5-point Likert, 11-
point numerical rating, and 100 mm visual analogue scale formats. Under each dimension there are
number of questions designed to assess the clinical severity of the disease (5 questions for pain, 2
questions for stiffness and 17 questions for physical function). The patient’s response to each
question produces a score which is then added up to derive an aggregated score for each dimension.
It produces three subscale scores (pain, stiffness, and physical function) and a total score (WOMAC
index), which reflects disability overall.

WOMAC index
A score that reflects disability overall.
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1. EXECUTIVE SUMMARY

1.1 Background
To control the pain of osteoarthritis of the knee general practitioners might consider acupuncture as
an alternative to drug treatments and/or as an adjunct to advice about exercise and weight loss, as
recommended by NICE. Alternative physical treatments to acupuncture include the many types of
treatment administered by a physiotherapist, exercise programmes, and footwear insoles. Many
reviews have evaluated individual types of physical treatments for osteoarthritis of the knee, but no
review using network meta-analysis methods has attempted to address the question of how effective
such treatments are relative to each other.

1.2 Objectives
The purpose of this systematic review therefore, was to synthesise both the indirect and direct
evidence, using network meta-analysis methods, in order to compare the effectiveness of
acupuncture with other relevant physical treatments for alleviating pain due to osteoarthritis in patients
requiring additional or alternative therapy to pharmacological analgesics.

1.3 Methods
The review processes and methods of analysis were specified in advance and documented in a
protocol.

Literature search
We searched 17 electronic databases (15 for primary studies) from inception to June 2010. A
combination of relevant free text terms, synonyms and subject headings relating to osteoarthritis of
the knee and named physical therapies were included in the strategy. A search filter was used to limit
retrieval of studies to randomised controlled trials (RCTs). No language or date restrictions were
applied. Bibliographies of all relevant reviews and guidelines were checked for further potentially
relevant studies, and internet searches were made of websites relating to osteoarthritis.

Study selection
We included RCTs which assessed pain in adults with osteoarthritis of the knee (where the mean age
of the population was ≥55 years) after treatment with any of the following: acupuncture, 
balneotherapy, braces, aerobic exercise, muscle strengthening exercise, heat treatment, ice/cooling
treatment, insoles, interferential therapy, laser/light therapy, manual therapy, neuromuscular electrical
stimulation (NMES), pulsed electrical stimulation (PES), pulsed electromagnetic fields (PEMF), static
magnets, Tai Chi, transcutaneous electrical nerve stimulation (TENS), and weight loss. These
interventions could be given in addition to standard care. Eligible comparators included: standard care
(which could incorporate one or more of analgesics, education, and exercise/advice), placebo
interventions, no intervention, and sham acupuncture. It was anticipated that pain would be measured
using a variety of measures: all scales were eligible.

Studies comparing only different regimens/durations/modalities of the same type of intervention were
excluded, as were interventions which combined two or more physical treatments. Exercise
interventions which were predominantly home-based, and unsupervised, were excluded. Two
reviewers independently screened all abstracts, and then all relevant full papers, with disagreements
resolved by discussion, or by a third reviewer when necessary.

Data extraction and assessment of trial quality
Using a standardised data extraction form data were extracted on: population characteristics
(population type, method of diagnosis, age, sex, weight, BMI, Kellgren & Lawrence score),
intervention parameters and study quality. Interventions were categorised both with (e.g. ‘acupuncture
plus treatment as usual, with specified analgesics’) and without (e.g. ‘acupuncture’) the recording of
any adjunct treatments. The five adjunct categories used were: ‘treatment as usual’, ‘treatment as
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usual’ plus specified home exercise or education, ‘treatment as usual’ plus specified analgesics, no
medication, and no medication plus specified home exercise or education. Data from the end of
treatment pain assessment, and from all subsequent time points, were extracted onto an Excel
spreadsheet.

Trial quality was assessed and based upon the number of criteria satisfied, studies were then graded
as excellent, good, satisfactory or poor. Data extraction and quality assessments were performed by
one reviewer and checked by a second reviewer.

Outcomes and data transformations
Since a variety of pain scales were used, Hedges-g standardised mean differences (SMDs) were
calculated for the meta-analyses (studies reporting medians were excluded from our analyses).
Standard deviations and patient numbers were imputed where possible. Different doses/regimens of
the same type of treatment within a study were pooled. Final values were used in the analysis in order
to maximise the evidence available, and to avoid the need to make assumptions about within-patient
correlation between baseline and final values, which the use of change from baseline data would
have necessitated.

Synthesis
Pair-wise meta-analyses were conducted using outcomes recorded at the end of treatment only. They
were not intended as a comprehensive stand-alone synthesis, but as a means of informing and
complementing the network meta-analysis. In particular, they investigated the within-intervention
clinical and statistical heterogeneity. Where enough studies were available, a funnel plot was used to
assess for possible publication bias.

A network meta-analysis, which can draw on both direct evidence and indirect evidence, was used to
analyse the relative treatment effects. Analyses were planned for three different time points: end of
treatment (primary time point); three months from the start of treatment; and three months after the
end of treatment. However, for around two-thirds of trials, the three months from the start of treatment
and the end of treatment time points were the same. The three months after the end of treatment
time point was evaluated in few trials and no connected network incorporating acupuncture existed;
only two very small other networks existed, each comprising three interventions.

The interventions were grouped and defined to give three sets of interventions which were analysed
separately: ‘Therapy-plus-adjunct interventions’, ‘Therapy-only interventions’ and ‘Grouped
interventions’. The Therapy-plus-adjunct interventions set was defined to evaluate plausible
differences in treatment between main interventions plus adjunctive therapy. The Therapy-only
intervention set grouped all the adjunct treatments for an intervention together. The Grouped
interventions set was defined according to the alternatives available to a general practitioner in the
NHS such that certain main treatments were collectively defined as physiotherapy.

Network meta-analyses were conducted using WinBUGS software (version 1.4; MRC Biostatistics
Unit 2007, Cambridge, UK) which uses Markov Chain Monte Carlo (MCMC) simulation to estimate
model parameters and follows a Bayesian approach where prior probabilities are specified for
parameters (these were specified to be vague throughout the analysis). The treatment difference was
assumed to be normally distributed and a random effects network meta-analysis model was selected
since clinical and methodological heterogeneity within the treatment definitions appeared likely. The
model fit was evaluated using the residual deviance where this should be approximately equal to the
number of data points if the fit is good. Inconsistency in the treatment effect estimates derived
separately from direct and indirect evidence was assessed for many of the comparisons distributed
across the networks. Uncertainty in all estimates is presented using the upper and lower limits of the
95% credible intervals (CrI) of these estimates.

In order to present more clinically meaningful network meta-analysis results, we present - for the end
of treatment, Therapy-only intervention set - both SMDs, and the SMDs converted to the WOMAC
pain VAS 0-100 scale (although it is acknowledged that back-transformation can be of limited value in
heterogeneous populations).

To evaluate the impact of study quality on the results, two sets of analyses were performed: the main
analysis including all studies regardless of quality (‘any-quality’), a sensitivity analysis including only
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studies of satisfactory, or better, quality (‘higher-quality’). A further sensitivity analysis was performed
to investigate the impact of excluding studies with atypical populations, interventions, or results.

1.4 Results
The searches retrieved 3,820 references. Of these, following screening of titles and abstracts, 553 full
papers were considered potentially relevant to the review and a total of 138 trials were eligible; 134
original trials formed the basis of the review since four papers could not be translated. Thirty two
studies (24%) were classified as being of either good or satisfactory study quality whilst the remainder
were poor.

There were 22 main interventions and comparators in the included studies. Muscle-strengthening
exercise, acupuncture, TENS, and balneotherapy were the most commonly studied interventions.
Most studies were classified as having recruited a general population with osteoarthritis of the knee,
although weight loss trials (as expected) recruited only overweight or obese participants. The mean
BMIs of some studies recruiting a general population fell into the overweight or obese classification,
although most studies did not report BMI. The majority of participants were women (range 26-100%,
median 72%) and the median of the mean population ages was 64 years. Standard care and placebo
were the most frequently studied comparators, with ‘no intervention’ being used rarely. There was
considerable variation in the average treatment duration across the interventions.

1.4.1 Standard meta-analysis results (direct comparisons only)

There was some evidence, when all studies were considered, of a reduction in pain with acupuncture,
muscle strengthening exercise, aerobic exercise, balneotherapy, TENS, static magnets, braces,
NMES, and interferential therapy. However, the quality of most trials was poor and sample sizes
small. When only higher-quality trials are considered, a benefit was demonstrated for acupuncture
and muscle strengthening exercise only. Evidence from higher-quality trials indicated that insoles
(without ankle support) did not have a beneficial effect. These analyses identified four trials as
potential sources of significant heterogeneity in the network meta-analyses.

1.4.2 Network meta-analysis results (direct and indirect comparisons)

1.4.2.1 Pain

The main results are those for the end of treatment time point. There was no great difference in the
results between the end of treatment analysis and the 3 months from start of treatment analysis.
There was no network incorporating acupuncture for the 3 months from the end of treatment analysis.

Therapy-plus-adjunct intervention definition
Of the potential 110 Therapy-plus-adjunct interventions, 35 interventions formed part of a connected
network with acupuncture and the evidence was informed by 79 trials. The results provided no
indication of a treatment effect difference between the adjuncts for the majority of interventions. This
suggests a lack of power in distinguishing between these treatment effects. Aerobic exercise with no
medication was more effective than aerobic exercise with treatment as usual, but this lacks face
validity. The analysis of any-quality studies for this set, found that PES, acupuncture, balneotherapy,
sham acupuncture, laser/light treatment, static magnets and Tai Chi all showed a statistically
significant treatment benefit over standard care, regardless of the adjunctive treatment. The sensitivity
analysis of just higher-quality trials, showed a statistically significant treatment benefit over standard
care for PES, acupuncture, balneotherapy, sham acupuncture, and muscle-strengthening regardless
of the adjunctive treatment.

Therapy-only intervention definition
The results for the Therapy-only set of any-quality trials (87 trials, 22 types of intervention, 6753
patients), found interferential therapy, acupuncture, PES, TENS, aerobic exercise, and muscle-
strengthening exercise to have a statistically significant treatment benefit over standard care. The
results of the sensitivity analysis of higher-quality trials only (19 trials, 10 types of intervention, 2394
patients), reflected those of the main analysis except the credible intervals for aerobic exercise now
crossed the line of no effect, the effect of balneotherapy became significant, and there were no
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higher-quality trials of interferential therapy. When acupuncture was compared with the other
interventions in both the main and sensitivity analysis it was found to be statistically significantly better
at a 95% level of credibility than sham acupuncture and muscle-strengthening exercise.
Acupuncture’s median rank was 2 (95% credible intervals 1-4).

Grouped intervention definition
The results for the Grouped interventions set of any-quality trials (13 interventions informed by 86
trials) found that acupuncture, muscle-strengthening exercise, aerobic exercise, physiotherapy
treatments and Tai Chi all showed a significant treatment benefit over standard care, and acupuncture
showed a significant treatment benefit over muscle-strengthening exercise, insoles, and sham
acupuncture, as well as placebo and no intervention.

The result for acupuncture compared with standard care was consistent across all the network meta-
analyses (SMD of around -1.00) indicating reliable evidence of a beneficial effect of acupuncture on
the pain of knee OA. We also compared our pair-wise analyses with those from the network meta-
analysis, and found consistency for those interventions with a reasonable number of trials, in
particular for acupuncture, aerobic exercise and muscle-strengthening exercise.

Publication bias could only be assessed for the muscle-strengthening exercise versus standard care
comparison; no evidence was found for publication bias.

1.4.2.2 WOMAC Index

There were few studies and few interventions included in a connected network for the analyses with a
WOMAC index outcome. Across the analyses of all available trials the results consistently indicate
that acupuncture compared to standard care has a beneficial effect on the WOMAC index (mean
SMD around -1.0) which is statistically significant (at the 95% level of credibility). For other treatments
a statistically significant beneficial effect compared to standard care could be demonstrated only in
the Therapy-plus-adjunct interventions analyses: weight loss with usual care, muscle strengthening
exercise with usual care and Tai Chi with usual care (Tai Chi was only statistically significant at the
end of treatment time point). Standard care + home exercise was also found to have a beneficial
effect on the WOMAC index compared to standard care alone.

The sensitivity analysis including only higher-quality trials included only acupuncture, muscle
strengthening exercise, sham acupuncture and Tai Chi. The results were consistent across the
Therapy-only Intervention and Grouped Intervention networks and across the time points and mean
estimates of effect were similar to those from the all trials analyses, but the results were no longer
statistically significant (at the 95% level of credibility).

Again the result for acupuncture compared with standard care was consistent across all the network
analyses (SMD of around -1.00) indicating consistent evidence of a beneficial effect of acupuncture
on the level of overall disability associated with knee OA.

The mean estimate of effectiveness consistently favoured acupuncture over muscle-strengthening
exercise, Tai Chi, heat treatment and sham acupuncture, but there was no consistent evidence that
acupuncture was statistically significantly more effective than any of the other main interventions at a
95% level of credibility.

1.5 Discussion

Principal findings
Our analyses indicate that acupuncture is a worthwhile treatment option in the short term for treating
knee pain due to osteoarthritis. The ability to distinguish between the effectiveness of the various
physical treatments is subject to considerable uncertainty but analysis of higher-quality trials found
acupuncture to be significantly better than standard care, sham acupuncture, muscle-strengthening
exercise, weight loss and aerobic exercise. We also found reliable evidence that muscle-
strengthening exercise also has pain-alleviating effects significantly better than standard care.
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Acupuncture was found to have a significantly beneficial effect in improving the level of overall
disability, as measured by the WOMAC index.

Strengths and limitations
Our review incorporates the first network meta-analysis comparing the relative efficacies of all
relevant physical treatments for osteoarthritis of the knee. A network meta-analysis provides a basis
of synthesising all the available evidence in a consistent framework, rather than making such
decisions by subjective inferences from disparate data. We believe our study is the first network meta-
analysis of physical treatments for knee OA. As such we encountered significant methodological
challenges.

Our comprehensive and rigorous search strategy minimised the risk of missing eligible trials.
However, although our review included 134 studies, limitations and differences in the reporting of data
restricted the data available for our analyses, such that only 87 trials were included in the standard
and network meta-analyses. Furthermore, the lack of long term data limits the interpretation of the
results to only the short term effects of therapy.

The eligibility criteria of our review, encompassing a large number of interventions, with various
adjunct therapies, placebos and populations, meant a certain amount of clinical heterogeneity was
inevitable. Most studies recruited general populations, although it was acknowledged that within this
categorisation there will have been variation in characteristics. Heterogeneity was explored using
standard meta-analysis, and trials which were clearly a source of heterogeneity were removed in
sensitivity analyses. A more general concern relates to the poor quality of a large majority of the
studies. This should be borne in mind when interpreting our results. However, a major strength of our
review is that trials of a diverse range of interventions have been evaluated equally, using the same
quality assessment tool; this allows for a fair comparison in terms of assessing the strength of the
evidence base for each intervention. Although we were unable to assess the impact of publication
bias/small study effects on most of our interventions, it is possible that our results may well be subject
to such biases.

A high level of inconsistency across the direct and indirect evidence for the effect on pain was found
for the treatment comparisons involving PES and balneotherapy in both the Therapy-plus-adjunct and
Therapy-only intervention set analyses, which suggests that there is bias or lack of exchangeability
across the associated comparisons, and therefore the credibility interval estimates for both PES and
balneotherapy may be underestimated. This implication may hold true for analyses including higher-
quality trials only even though inconsistency for comparisons involving PES could not be evaluated
due to a lack of triangles of evidence. Therefore, the results for the effect of both these interventions
on pain may be unduely favourable.

Suggested research priorities
Larger, more robust RCTs with longer treatment periods, which also examine the effectiveness of re-
treatment following treatment cessation (to evaluate durability and attenuation effects) are needed in
order to comprehensively assess the value of many of these interventions. This is particularly true for
TENS, where the studies conducted so far have been of unreliable quality, and PES and
balneotherapy, which although our results highlight them as being promising treatments, were both
represented by only one small higher-quality trial. The optimum timing and parameters of treatment
for both acupuncture and muscle-strengthening exercise also need to be more clearly defined.
Results from higher-quality studies suggest there would be little value for further research into the
efficacy of insoles (without ankle support) or laser/light therapy since there appeared to be evidence
these treatments were not effective.

We found that adding or subtracting trials in a network meta-analysis sometimes causes results to
change more than expected, given the credible intervals around the estimates. This indicates
unquantified uncertainty and unreliable results. Research could be conducted to develop a statistic to
measure the stability or instability of the results given change in the evidence base.

Implications for service provision
Acupuncture can be considered as an evidence-based treatment option for relieving pain due to
osteoarthritis of the knee. Although our review did not evaluate the cost-effectiveness of the
interventions, it is worth noting that our results on effectiveness do not concur with the NICE guidance



6

for osteoarthritis management which states that TENS, insoles, braces, manual therapy, and heat or
cold (thermotherapy) should be considered as adjuncts to core treatment. For these interventions our
analyses found no evidence (of significant differences from standard care) to support this guidance,
other than for TENS where the evidence was equivocal: all the TENS studies in our analyses were of
poor quality, raising concerns about the reliability of the evidence. We have provided evidence on the
effectiveness of acupuncture that NICE may want to consider when revising their guidance.

Conclusions
The first network meta-analysis of physical interventions for knee pain due to osteoarthritis, indicates
that acupuncture is one of a number of physical treatments that produces a clinically-relevant effect in
alleviating pain in the short-term. Moreover, acupuncture compared favourably with the other
treatments. Acupuncture also significantly improved levels of overall disability. Although further
research is needed to substantiate these conclusions, acupuncture should nevertheless be
considered as an evidence-based treatment option for relieving pain due to osteoarthritis of the knee.
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2. BACKGROUND

2.1 Acupuncture
Acupuncture – the insertion of fine needles into the skin – is used to treat a broad variety of illness
and conditions. Although NICE currently recommends use of acupuncture only for lower back pain, it
has also been commonly used to treat many other types of pain (both acute and chronic), including
post-operative pain, headache and migraine, and neck, back, joint, and dental pain. Furthermore,
acupuncture has been widely used to treat post-operative nausea and vomiting, allergies, infertility,
menstrual disorders, digestive disorders, depression, anxiety, fatigue, and insomnia.

1
Proposed pain-

relieving mechanisms and mediators for acupuncture include activation of the endogenous pain
inhibitory system, release of endogenous opioids including β-endorphins, enkephalins, dynorphins, 
and non-opioid substances such as serotonin, noradrenaline, and GABA.

2

2.2 Osteoarthritis of the knee
Osteoarthritis is a degenerative condition involving the progressing wearing-down of (joint) bone and
cartilage, normally resulting in pain, stiffness, and functional disability. These symptoms usually
worsen, according to how much the affected joint is used. In adults aged 45 years or more, the knee
represents the most common site of peripheral joint pain, and the prevalence of painful, disabling
knee OA in people over 55 years is 10%.

3
Risk factors for knee OA include age, gender, obesity,

bone density, genetic factors, and injury.

Diagnosis is usually made using clinical features of knee OA, by radiological assessment of the knee,
or by a combination of the two. Radiographic features - the severity of which are commonly
summarised using the Kellgren & Lawrence score - have been significantly associated with knee
pain.

4

The Western Ontario and MacMaster Universities Osteoarthritis (WOMAC) index is a self-
administered disability status measure for knee (or hip) osteoarthritis; it was developed in 1982, and
has been translated into over 80 languages. Its individual components assess pain, stiffness, and
function, with the summed scores producing an overall measure of disability (WOMAC index). By
producing a standardised and comprehensive assessment of disability, and its components, WOMAC
lends itself to increased transparency and comparability within clinical research.

2.3 Management of knee OA and current service provision
The treatment of knee OA should be tailored according to knee risk factors (obesity, adverse
mechanical factors, physical activity), general risk factors (age, comorbidity, polypharmacy), level of
pain intensity and disability, sign of inflammation, and location and degree of structural damage.

5
The

main objective of a general practitioner treating a patient with knee OA is normally alleviation of pain;
failure to control pain may result in reduced mobility and daily activities, leading to a reduction in
quality of life.

5
The more sedentary lifestyle which might follow may, in turn, exacerbate the symptoms

of knee OA through lack of exercise and joint movement, and weight gain.

In clinical practice, treatment often begins with analgesia (paracetamol and/or topical NSAIDs) and,
where these are ineffective, a NSAID or COX-2 inhibitor is recommended. General practitioner advice
about exercise and weight loss, which the NICE Guideline

6
recommends as part of core therapy, is

often given in addition to (rather than instead of) analgesic drugs. The regular use of pharmacological
agents for pain, such as NSAIDs, may be associated with side effects like gastrointestinal bleeding,
without necessarily resulting in worthwhile pain reduction.

7

In light of this possibility of adverse effects, the long-term use of oral NSAIDs is not desirable. A UK
review of qualitative studies of medicine-taking

8
revealed considerable reluctance to take drugs, and a

preference to take as little as possible; knee OA patients want non-pharmacological treatments for
pain relief.

9
The use of non-pharmacological (or physical) treatments, such as acupuncture, is

therefore likely to be attractive for patients seeking alternatives, particularly for a condition such as OA
of the knee, for which there is currently no cure.
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In patients where insufficient pain relief has been provided by the aforementioned core interventions
(as recommended by NICE), coupled with paracetamol and/or topical NSAIDs, GPs may consider a
range of physical treatments as the next step in the treatment pathway. The NICE guideline lists
manual therapy, TENS, braces, insoles, and heat and cooling treatments as being among such
alternatives; it states that these third tier treatments may have less well-proven efficacy or may
provide less symptom relief.

6
Acupuncture, and other types of physiotherapy were not recommended

as being part of this third tier, but they occupy a similar place in the treatment pathway. Aids such as
walking sticks, or nutritional supplements, which patients may purchase for themselves, generally
comprise part of the background therapy, rather than options available to the general practitioner.

Other interventions used for OA of the knee, but which would not be considered as alternatives to
acupuncture include surgery, which would be considered at a much later stage in the treatment
pathway, and intra-articular injections, which are classed as being pharmacological and are normally
only offered to elderly patients, or patients who are on the brink of needing surgery (a population
usually Therapy-plus-adjunct from those receiving physical therapies).

6
Similarly, structured

psychosocial/educational interventions are generally considered for a different group of patients i.e.
when pain-reducing therapies have failed, and the emphasis is on a need for pain-coping skills, rather
than pain reduction.

10

Interventions aimed primarily at reducing anterior knee pain - such as patellar taping - are not
potential alternatives to acupuncture, since anterior knee pain is normally seen in patients younger
than the general knee OA population, and any associated knee OA may be likely to have a different
aetiology.

11

Many reviews have been undertaken of the varying types of physical therapies for OA of the knee, but
none have attempted to address the question of how effective such treatments are relative to each
other, and few randomised trials have directly compared physical therapies. The focus of interest
within our study was on acupuncture, since one of the reasons for the commissioning of this review as
part of a programme of projects on acupuncture and chronic pain, funded by an NIHR Programme
Grant for Applied Research, was the uncertainty within the NICE decision-making process with regard
to the level of evidence on acupuncture for osteoarthritis relative to other physical treatments.

12
The

purpose of this systematic review therefore, is to synthesise the indirect (and any direct) evidence -
using mixed treatment comparison (network meta-analysis) methods - in order to compare the
effectiveness of different physical therapies for knee OA pain.
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3. AIMS AND OBJECTIVES

The objective of this review is to determine how clinically effective acupuncture is in the treatment of
OA of the knee in the context of NHS prescribing. Evaluation of a single therapy for a single condition
provides only a limited basis for NHS decision making; more relevant is a full evaluation comparing
the clinical effectiveness of acupuncture with all relevant comparator treatments using both direct and
indirect comparisons. Therefore the decision problem addressed in this report is ‘how does the clinical
effectiveness of acupuncture for the pain of OA of the knee compare with alternative physical
therapies in patients who require additional or alternative therapy to pharmacological analgesia?’



10

4. METHODS FOR ASSESSMENT OF CLINICAL EFFECTIVENESS

4.1 Methods for identifying clinical effectiveness evidence
The evaluation of the clinical effectiveness of acupuncture in the treatment of OA of the knee
comprised a systematic review of physical therapies incorporating a network meta-analysis. The
review processes and outline methods of analysis were specified in advance and documented in a
protocol. Details of the analysis were finalised once the available data had been identified. The
systematic review was conducted following the general principles recommended in the Centre for
Reviews and Dissemination’s (CRD) guidance

13
and the PRISMA statement.

14
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4.1.1 Inclusion and exclusion criteria

4.1.1.1 Interventions and comparators

The interventions considered in the review were acupuncture and all interventions that can be
considered direct comparators of acupuncture: balneotherapy; braces; exercise - aerobic (weight
bearing); exercise – muscle strengthening (non-weight bearing); heat treatment; ice/cooling treatment;
insoles; interferential therapy; laser/light therapy; manual therapy; neuromuscular electrical
stimulation (NMES); pulsed electrical stimulation (PES); pulsed electromagnetic fields (PEMF); static
magnets; Tai Chi; transcutaneous electrical nerve stimulation (TENS); and weight loss. Therapies that
comprised a combination of these therapies were not included in the review.

Studies comparing different regimens/durations/modalities of the same type of intervention only were
excluded. Comparators included: standard care; placebo interventions; no intervention; and sham
acupuncture. It was anticipated that standard care would vary across trials, but could include
analgesics, such as NSAIDs, education or advice on fitness, exercise or diet. The components of
standard care had to be clearly Therapy-plus-adjunct from more active education or exercise
interventions (sessions) to which patients may be referred. Exercise interventions which were
predominantly home-based, and unsupervised, were excluded, as they were considered to be too
similar to core treatment/standard care.

4.1.1.2 Population

Studies of adults with OA of the knee were included. Studies in which patients were diagnosed using
either radiological or clinical assessment were eligible. Studies with mixed populations (e.g. including
both patients with OA of knee and those with OA of the hip) which presented results by site of OA
were eligible for inclusion. Trials of acute knee pain or trials where the mean age of the population is
below 55 years were excluded.

4.1.1.3 Outcomes

The primary review outcome was pain. Studies that did not report a pain outcome were excluded from
the review. It was anticipated that across trials pain would be measured using a variety of measures,
e.g. visual analogue scale (VAS); Likert scale; Western Ontario and MacMaster Universities
(WOMAC) pain subscale; Arthritis Impact Measurement Scale (AIMS); all scales were accepted. The
secondary outcome was the WOMAC Osteoarthritis Index (overall disability).

WOMAC is a widely used self-administered health status measure that assesses the dimensions of
pain, stiffness, and function in patients with OA of the hip or knee; it is available in 5-point Likert, 11-
point numerical rating, and 100 mm visual analogue scale formats. Under each dimension there are
number of questions designed to assess the clinical severity of the disease (5 questions for pain, 2
questions for stiffness and 17 questions for physical function). The patient’s response to each
question produces a score which is then added up to derive an aggregated score for each dimension.
It produces three subscale scores (pain, stiffness, and physical function) and a total score (WOMAC
index), which reflects disability overall.

The WOMAC pain score range is variously reported and includes: VAS 0-10 scale (commonly
reported across a 0-50 range); VAS 0-100 scale (commonly reported as a 0-500 range); or a Likert
scale (commonly reported as a 0-20 range). The overall WOMAC score (index) is determined by
summing the scores across the three dimensions and the score range includes: VAS 0-10 scale
(commonly reported as a 0-240 range); VAS 0-100 scale (commonly reported as a 0-2,400 range); or
a Likert scale (commonly reported as a 0-96 range). A number of various transformations and
modifications are reported in the literature.

4.1.1.4 Study designs

Only randomised controlled trials (RCTs) were included in the review of clinical effectiveness.
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4.1.2 Search strategy and identification of relevant studies

An initial search to identify guidelines, syntheses or reviews of non-surgical or non-pharmacological
interventions for osteoarthritis of the knee was undertaken to inform the project. A range of resources
were searched:

 Clinical Evidence
 NHS Clinical Knowledge Summaries (CKS)
 NHS Evidence- National Library of Guidelines
 National Institute for Health and Clinical Excellence
 National Guideline Clearinghouse
 New Zealand Guidelines Group – Guidelines Library
 Australian National Health and Medical Research Council: Clinical Practice Guidelines
 Canadian Medical Association – Infobase: Clinical Practice Guidelines
 Public Health Agency of Canada
 Cochrane Database of Systematic Reviews
 Database of Abstracts of Reviews of Effects
 Health Technology Assessment database
 Physiotherapy Evidence Database (PEDRO)
 NHS Evidence - Musculoskeletal 2009 Evidence Update on osteoarthritis
 NIHR Health Technology Assessment Programme

To search for primary studies a base search strategy was developed (using Ovid MEDLINE) in
consultation with the review team and clinical experts. The strategy was designed to find trials of
acupuncture or its relevant comparators, as defined in the protocol (manual therapy, exercise, weight
reduction, balneotherapy, thermotherapy, braces and orthoses, TENS, electrical muscle stimulation,
electromagnetic fields, low-level laser/light therapy) for osteoarthritis of the knee or chronic knee pain.
A combination of relevant free text terms, synonyms and subject headings were included in the
strategy. No language or date restrictions were applied. The base search strategy is presented in
Appendix 10.1.

The following resources were searched in December 2009/January 2010:

 MEDLINE
 MEDLINE In-Process & Other Non-Indexed Citations
 EMBASE
 AMED (Allied and Complementary Medicine)
 Cochrane Database of Systematic Reviews
 Database of Abstracts of Reviews of Effects
 Health Technology Assessment database
 Cochrane Central Register of Controlled Trials (CENTRAL)
 CINAHL
 Manual, Alternative and Natural Therapy (MANTIS)
 PASCAL
 Inside Conferences
 Conference Proceedings Citation Index-Science (CPCI-S)
 Physiotherapy Evidence Database (PEDRO)
 CAMbase
 Literatura Latinoamericana y del Caribe en Ciencias de la Salud (LILACS)
 ClinicalTrials.gov

The base search strategy developed in MEDLINE was translated to run on the databases listed
above. Where available, a search filter was used to limit the retrieval of studies to randomised
controlled trials. Adaptations to the search strategy were necessary for certain databases: MANTIS,
PASCAL, Inside Conferences, PEDRO, CAMbase, LILACS and ClinicalTrials.gov. It had been
planned to search Acubriefs database (http://www.acubriefs.com/) but it was not available when the
searches were carried out.

http://www.acubriefs.com/
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Supplementary internet searches of websites relating to osteoarthritis were undertaken to locate any
studies not found from the database searches. The bibliographies of all relevant reviews and
guidelines were checked for further potentially relevant studies.

Update searches were carried out in MEDLINE, MEDLINE In-Process & Other Non-Indexed Citations,
EMBASE, AMED, CDSR, DARE, HTA, CENTRAL, CINAHL, MANTIS, CPCI-S, PEDRO, CAMbase,
LILACS and ClinicalTrials.gov in June 2010.

The base search strategy can be found in Appendix 10.1 and full details of databases searched,
search strategies and results can be found at:
www.york.ac.uk/inst/crd/Documents/OAKSearchStrategiesWebLink.docx

Two reviewers independently screened all titles and abstracts identified by the searches. Full paper
manuscripts of all studies thought to be potentially relevant by either reviewer were obtained. The
relevance of each article was assessed by two independent reviewers according to the criteria stated
below. Any discrepancies were resolved by consensus or, when consensus could not be reached, a
third reviewer was consulted. Non-English language papers were screened by one reviewer with a
native speaker.

4.2 Data extraction strategy
Data extraction was conducted by one reviewer and checked by a second reviewer; discrepancies
were resolved by discussion, with the involvement of a third reviewer when necessary. Non-English
language studies were extracted by one reviewer with a native speaker. Multiple publications of the
same study were extracted as one study, using all the information available.

Data relating to both study content and quality were extracted by using a standardised data extraction
form entered onto an online database in EPPI-reviewer. Extraction included data on population
characteristics (population type, method of diagnosis, age, sex, weight, BMI, Kellgren & Lawrence
score), treatment details (interventions studied, number of comparator arms and comparators studied)
and intervention parameters (e.g. duration of individual session, total number of sessions, duration of
treatment period), standard care group data (if present, components of standard care), adverse
effects, quality of life outcomes and an assessment of study quality.

Outcome data (pain and WOMAC Index scores) were extracted onto an Excel spreadsheet. Where
different types of pain were reported such as pain on standing, pain of walking etc., the following
hierarchy of pain outcomes was used, determined on the basis of perceived importance to a patient,
starting with the most important: walking pain, activity or movement, ascending or descending stairs,
weight bearing activity, starting pain, and rest or night pain.

Data were extracted for baseline for each arm and end of treatment follow-up. If end of treatment
follow-up was not reported then data were extracted for difference from baseline for each arm. If
neither end of treatment follow-up nor difference from baseline were reported, then data extraction
focussed on treatment effect (comparison) results. If nothing else was reported then p values were
extracted. Outcome data were extracted for different time points: baseline; end of treatment; and any
follow-up time point.

4.2.1 Quality assessment strategy

The quality of the individual studies was assessed by one reviewer and checked for agreement by a
second reviewer. Any disagreements were resolved through consensus and checked by a third
reviewer where necessary. The quality of RCTs was assessed using the checklist advised in CRD’s
guidance 2008, adapted as necessary to incorporate topic-specific quality issues.

Study quality was assessed using 14 questions. These covered randomisation, allocation
concealment, type of placebo, blinding, comparable baseline characteristics, use of power calculation,
reporting of eligibility criteria, reporting of losses to follow up, reporting of intention-to-treat data and
losses to follow-up (see Appendix 10.2).

http://www.york.ac.uk/inst/crd/Documents/OAKSearchStrategiesWebLink.docx
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Based upon the number of criteria satisfied then studies were graded as excellent, good, satisfactory
and poor.

Satisfactory study quality was defined as meeting the following criteria:

 The number of patients randomised to treatment was stated
 Group baseline characteristics comparable
 Eligibility criteria were adequately reported
 Losses to follow up were clearly reported
 Intention-to-treat data were reported (analysed)
 An appropriate type of placebo was used, if relevant

‘Poor quality’ studies failed to satisfy one or more of the criteria required for satisfactory study quality.
Study quality was used in sensitivity analyses for both the meta-analyses and network meta-analysis,
with studies that met the criteria for satisfactory studies (or better) being considered separately: these
are referred to as ‘higher-quality’.

4.3 Data analysis

4.3.1 Outcome data

WOMAC pain was the preferred measure of pain for the analyses. When a trial did not measure
WOMAC pain then another pain scale was included in the analysis. Further prioritisation of pain
scales were made on a clinical basis or on a prevalence basis: the AIMS pain scale was selected over
the PPI pain scale because there were a greater number of trials with the AIMS pain scale. There are
several different types of pain measured using VAS. The following hierarchy of pain outcomes was
determined on the basis of perceived importance to a patient, starting with the most important:
walking pain, activity or movement, ascending or descending stairs, weight bearing activity, starting
pain, and rest or night pain.

For analysis purposes standardised mean differences (SMDs) were used. A number of reasons
underpin the use of SMDs within this review. A variety of scales and pain activities were used in the
trials in the review; focussing the analysis upon a single measure (for example, the WOMAC Likert
scale) would have seriously limited the amount of evidence that could be combined in an analysis. In
addition, transforming the Likert 5 and VAS 0-100 to the same scale may be an extreme assumption
given that their standard deviations may not be transformable on the same scale. In a similar vein the
standard deviations may vary for different pain measures and in some instances the scales were
insufficiently defined.

Where possible, Hedges-g SMDs were estimated
15

and pooled and different doses/regimens of the
same type of treatment within a study were pooled (see Appendix 10.3 for the formula). The standard
deviation used to calculate Hedges-g was the pooled standard deviation across all of the arms in the
trial. Where trials included more than one arm with treatments coded the same, the data across such
arms were also pooled.

Reduction in pain recorded as an SMD can be interpreted in the WOMAC VAS 0-100 scale using
Table 1 (although it is acknowledged that back-transformation can be of limited value in
heterogeneous populations).

16 17
Of the 11 trials reporting a WOMAC VAS 0-100 scale, 4 of these

were cumulative. Of the 7 that were not cumulative, one did not report baseline pain scores. Of the six
trials that did report baseline pain scores, the mean baseline pain score was 45.19 (SD=8.2).

Table 1: SMD equivalent reduction in pain measured on the WOMAC VAS 0-100 scale

Reduction in pain score

SMD -0.5 -1 -1.5 -2

WOMAC VAS 0-100 scale -8.25 -16.5 -24.75 -33
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Reduction in pain recorded as an SMD can be interpreted in the WOMAC Likert 5 cumulative scale
using Table 2. All of the 20 trials that reported this scale also reported the baseline pain score. The
mean baseline pain score was 8.96 (SD=1.82).

Table 2: SMD equivalent reduction in pain measured on the WOMAC Likert 5 cumulative scale

Reduction in pain score

SMD -0.5 -1 -1.5 -2

WOMAC Likert 5 cumulative scale -1.9 -3.8 -5.7 -7.6

Final values and changes from baseline should not be combined in an analysis when SMDs are used
as the differences in standard deviations will not reflect differences in the scales.

18
Final values were

used in the analysis as there were significantly more trials with final value data than change from
baseline data. This maximised the evidence available for analysis: there were only slightly fewer trials
with final values than all trials with change from baseline and final and baseline values together.
Furthermore, using final values does not require an assumption about the within-patient correlation
between the baseline and final values.

Where there were no trial arm data but there were treatment effect data of final values then the
treatment effect data were included in the analysis, adjusted or unadjusted. Median data were
excluded from the analysis in order to try to maximise consistency in the data. Eight trials were
excluded on the basis that they reported medians or that it was unclear whether a mean or a median
was used.

Where the number of patients included in the analysis was not reported but the number of patients
randomised was, then the number of patients included in the analysis was estimated by multiplying
the number of patients randomised by the average proportion of patients included in an analysis
across the trials. There were 7 trials out of the 91 that required the number of patients in the analysis
to be derived.

Where the standard deviation was not reported then, where possible, the standard error or 95%
confidence intervals were used to derive the standard deviation (see Appendix 10.3 for the methods).
Where no standard deviation or data that could be used to derive standard deviations were reported
in a trial, then a standard deviation was estimated using data from the other included trials that could
potentially be used in the defined analyses. The trials with the same or similar scale as that used in
the trial with a missing standard deviation were identified and the standard deviations across these
trials were pooled. There were 12 trials that needed the standard deviation to be imputed from the 91
trials that were included.

Reporting of adverse events data was sparse and did not warrant quantitative data synthesis; where
relevant a narrative synthesis of these data was reported.

4.3.2 Meta analysis (direct comparisons)

The meta-analysis part of the review was not intended as a comprehensive stand-alone synthesis, but
as a means of informing and complementing the network meta-analysis. In particular, it investigated
the within-intervention clinical and statistical heterogeneity. Meta-analyses were conducted using
outcomes recorded at the end of treatment only. Comparisons of SMDs generated using pair wise
meta-analysis and network meta-analysis are presented in table 41.

All meta-analyses were conducted in RevMan 5.0 (Cochrane Collaboration). A random effects model
was used, unless there were four or fewer studies included in the analysis, in which case a fixed-
effect model was used, as the estimate of the heterogeneity parameter is likely to be unreliable with
small numbers of trials.

19

Clinical heterogeneity was assessed by investigating the clinical differences between studies
regarding participants, interventions and outcomes. The potential sources of the clinical
heterogeneity, such as baseline patient population, different durations of intervention, differences in
additional treatments, and study quality were identified. Generally trials were pooled, except where
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clinical heterogeneity was particularly great. The degree of between-study statistical heterogeneity
was investigated using the I

2
statistic.

4.3.2.1 Network meta-analysis (direct and indirect comparisons)

An NMA is an extension of meta-analysis, but where a meta-analysis includes only direct evidence an
NMA can draw on both direct and indirect evidence. The results from studies that compare
interventions A and C are considered to be direct evidence for the treatment effect dAC. If a study X
compares treatments A and B and a study Y compares treatments B and C, and a treatment effect
dAC is calculated from these two studies, then this result is referred to as indirect evidence.

A standard meta-analysis combines the results from two or more studies that have comparable
populations, interventions, comparators and outcomes. Study quality and other study characteristics
are also assumed to be similar. Similarly, to make indirect comparisons, it is assumed that the study
characteristics are comparable. This is known as exchangeability which can be investigated through
the consistency of the direct and indirect evidence.

20-22
It assumes that, had treatment C been

included in the study comparing A and B, then the treatment effect dAC would be the same as that
found from the study of A and C.

23
Assuming consistency, the treatment effect dAC is the sum of the

treatment effects dAB and dBC:

dAC = dAB + dBC

An NMA can combine both the direct evidence and the indirect evidence for dAC.
23

. As in a meta-
analysis, it is the summary treatment effect from each study that is utilised in the NMA, hence the
benefit of randomisation in each study is retained.

4.3.2.2 Interventions

The 22 main interventions are listed in Table 3. To allow for the potential for interaction effects with
adjunct treatments, five adjunct interventions were defined. In total, there were 110 possible treatment
combinations.

For analysis, the interventions were grouped and defined in two ways to give three Therapy-plus-
adjunct sets of interventions which were analysed separately: ‘Therapy-plus-adjunct interventions’,
‘Therapy-only interventions’ and ‘Grouped interventions’. The Therapy-plus-adjunct interventions set
was defined to evaluate plausible differences in treatment effect between the competing interventions
as defined at the level of main intervention plus adjunctive therapy, e.g. acupuncture plus standard
care versus acupuncture plus home exercise.
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Table 3: The 22 main interventions* and 5 adjunct variations* for each main intervention
Main Adjunct

Acupuncture (Acu)
1

No medication (NoMed) 1

Sham acupuncture (ShAcu)
2

Treatment as usual/Unclear
(UT)

2

Balneotherapy (Bal)
3

Treatment as usual/unclear +
Home exercise/education (UT+ EX)

3

Braces
(Bra)

4
Treatment as usual/unclear +
specified analgesics (UT+AN)

4

Exercise - Aerobic (weight bearing)
(ExAe)

5
No medication + home exercise/ education
(NoMed+EX)

5

Exercise - Muscle strengthening (non-weight bearing)
(ExMu)

6

Heat treatment
(Hea)

7

Ice/cooling treatment
(Ice)

8

Insoles
(Ins)

9

Interferential therapy
(Int)

10

Laser/light therapy
(Las)

11

Manual therapy
(Man)

12

NMES
(NMES)

13

Pulsed electrical stimulation (PES) 14

Pulsed electromagnetic fields (PEMF) 15

Static magnets
(Mag)

16

Tai Chi
(Tai)

17

TENS
(TENS)

18

Weight loss
(Wei)

19

Standard care
(SC)

20

Placebo
(P)

21

No intervention
(NoTr)

22

 Abbreviations in parenthesis are those used in Appendix figures

The Therapy-only intervention set grouped any adjunct treatments for an intervention together (i.e. all
adjuncts were treated as being the same). So there were a possible 22 interventions in the analysis.

The Grouped interventions set of comparators was defined according to the alternatives available to a
general practitioner in the NHS after the initial prescription of medication and advice. This was
motivated by the requirements of the related economic evaluation part of the project. Many of the
main interventions in Table 3 were considered to be techniques commonly utilised by a
physiotherapist, and therefore the GP’s choice was whether or not to refer to a physiotherapist. For
this reason, these main treatments were collectively defined as physiotherapy. See Table 24 for the
list of treatment techniques. It also allowed us to evaluate whether or not the different levels of
defining the main interventions significantly affects their relative treatment effects.

4.3.2.3 Time points

The NMA analyses were planned on outcomes recorded at 3 different time points:

 The outcome recorded at the end of treatment (end of treatment)
 The outcome recorded at a time point closest to 3 months from the start of treatment,

excluding outcomes recorded at less than 4 weeks from the start of treatment (3 months from
start of treatment)

 The outcome recorded at a time point closest to 3 months from the end of treatment between
8 and 16 weeks from the end of treatment (3 months from the end of treatment)
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The end of treatment outcome measures an immediate treatment effect due to the intervention. The 3
months from the start of treatment outcome measures to some degree the durability of a treatment
effect during a treatment and also after the end of treatment. The 3 months from the end of treatment
outcome measures the durability of a treatment effect from the end of treatment.

4.3.2.4 Study quality

In order to evaluate the impact of study quality on the NMA results, two analyses were done for each
set of comparators for each time point. In the initial analysis, any studies were included regardless of
quality (‘any-quality’). In the sensitivity analysis, only ‘higher-quality’ studies (good or satisfactory
quality studies) were included.

4.3.2.5 Networks

For both sets of comparators, a connected network including acupuncture was obtained. An NMA was
conducted on all of the trials informing the connected networks. Given the three time points of
analysis, the two sets of comparators and two study quality criteria, and two different outcomes (pain
and overall WOMAC score), 24 networks were theoretically possible.

4.3.2.6 The model

The WinBUGS software was used for this analysis. This is a Bayesian analysis software where prior
probabilities are specified for certain parameters and likelihood distributions are defined for the data.
The outcome for this analysis is the treatment effect difference, so a normal likelihood distribution was
specified for the treatment effect data.

A random effects model was selected as there was likely to be some clinical and methodological
heterogeneity within the treatment definitions.

Multiple-arm trials

The data of trial arms with treatments coded the same were pooled.

The treatment effects dAB and dCB in a 3-arm trial are correlated. This was accounted for in the model
using multiple-arm trial code for trial arm data produced by Bristol University

24
, which was adapted for

difference data. The code is presented in Appendix 10.5.

As SMDs are being evaluated, treatment differences are entered into the analysis rather than trial arm
data. If there is a 3-arm trial then two comparisons will be entered in the dataset with a shared
comparator; the same data for the comparator will be entered twice. A method of dealing with double-
counting of comparator data in such situations is to split the comparator sample size and assume a 3-
arm trial becomes two independent trials. That is a secondary approach and it ignores the correlation
between the treatment effects. Accounting for the correlation in an analysis reduces the variance of
the treatment effect estimate. Halving the sample size of the comparator increases the variance of the
treatment effect estimate. Accounting for double counting by halving the comparator sample size and
retaining the correlation in the analysis should produce treatment effects and variances somewhere in
between ignoring double counting and ignoring correlation.

The results from each of these modelling approaches on one of the networks were compared. The
treatment effects and variances did not differ greatly and the treatment effect and variance estimates
lay mostly in between the other estimates. This approach was selected for the analyses. The results
of the tests are presented in the Appendix NMA Table 4.

Consistency analysis

Differences in trial populations and protocols between the trials informing indirect evidence of a
comparison and trials informing direct evidence of the comparison can result in different estimates for
that comparison. Where the posterior distributions of direct and indirect estimates do not overlap the
estimates are said to be inconsistent. To evaluate the consistency between the direct and indirect
estimates of any one comparison, the direct evidence was separated from the indirect evidence within
the analysis, which is referred to as ‘node splitting’ in,

20
although it is evidence splitting for a particular
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treatment comparison. Dias et al
20

was used to inform the code presented in Appendix 10.5 for the
consistency analyses.

Explanantion of network diagrams

Each box represents a treatment. Each solid arrow indicates that there is a data point for that
comparison entered into the analysis. A 3-armed trial with arms A, B and C, provides 2 data points in
a data set reflecting 2 comparisons A vs B and C vs B. These comparisons are represented by solid
arrows and these determine the existence of evidence triangles on which consistency of direct and
indirect evidence can be tested. The dotted arrows show comparisons with evidence from 3-armed
trials (e.g. A vs C) for which there is no data point in the data set. There were ten 3-arm trials and one
4-armed trial in the any-quality, end of treatment, Therapy-only analysis. The thickness of an arrow
represents the number of trials in the analysis that have that comparison that has been directly
entered in the analysis. The numbers indicate the level of inconsistency between the direct and
indirect evidence for that comparison. A value of 1 represents complete inconsistency, and a value of
zero indicates perfect consistency. The consistency results are reported on the network diagrams in
the NMA Appendix Figures 1-6, 12, 13.

Model fit and convergence

The model fit was evaluated using the residual deviance. The model fit is the degree to which the
model explains the data; the degree to which the variance of the predicted model values are the same
as the variances of the individual trial estimates. If a model is a good fit, then the residual deviance
should be close to the number of data points in the data set. There is no upper limit to the residual
deviance, but a large percentage difference from the number of data points is a poor fit.

The WinBUGS software uses Markov Chain Monte Carlo simulation and Gibbs sampling to estimate
model parameters from prior probability and likelihood distributions. Starting values are specified for
parameters modelled as a distribution. These should converge to a stable distribution after many
sampling iterations. Convergence of the model estimates was assessed by observing the history of
the traces of the starting values for selected priors, the Brooks Gelman-Rubin statistic and posterior
distributions.

25

The first 10,000 iterations were discarded and then a further 50,000 iterations were performed. It was
tested whether discarding the first 30,000 iterations made any difference to the results, and there was
none.

The prior for the between study standard deviation was set to be a uniform distribution with range 0-2.
This clearly covered the range of treatment effects within a particular comparison. Other ranges were
also tested: 0.8, 5, 10, and greater if unstable estimates obtained across this range.

Model outcomes

The treatment effects of each treatment compared with standard care are presented, as are the
results for the Therapy-only interventions network compared with acupuncture. The full results of all
the pair wise comparisons for each analysis are published in an online appendix. For brevity only the
results where acupuncture is significantly more effective than the comparator at a 95% level of
credibility are referred to in the text. Uncertainty was presented using the upper and lower limits of the
95% credible intervals of these estimates. These credible limits describe the boundaries within which
it is believed there is a 95% chance that the true value lies. In addition, since only the results of the
comparisons compared to standard care were presented and these were listed in order of mean
effectiveness for ease of reading, the median rank and 95% credible interval for the rank were
presented for each intervention.

For the random effects models, the between study standard deviation  of the random effects
distribution were reported. Consistency analysis was performed for a selection of comparisons
appropriately distributed across a network. This was done for each of the End of treatment analyses
except for the Grouped Intervention set including only higher-quality studies, and it was done for the 3
months from the start of treatment and Grouped Intervention set analyses, with Any-quality studies
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and only higher-quality studies. The residual deviance was also reported along with the number of
data points and percentage deviance difference to indicate the model fit.

Publication bias

Where there were a sufficient number of trials for any one main intervention, publication bias was
explored by means of funnel plots.
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5. RESULTS OF ASSESSMENT OF CLINICAL EFFECTIVENESS

5.1 Quantity and quality of research available

Figure 1: Study flow chart.

3,820 references

retrieved from searches

553 potentially relevant

papers

509 articles assessed

185 eligible articles

138 trials eligible for inclusion

in systematic review (data

could be extracted for 134

trials)

3267 excluded on title or

abstract

44 unobtainable

Exclusions: 102 study design, 134
treatment, 37 population, 46

outcomes, 5 protocol or ongoing
study

47 linked publications
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The searches retrieved 3,820 references. Of these, following screening of titles and abstracts, 553 full
papers were considered potentially relevant to the review of clinical effectiveness of treatments for OA
of the knee; 44 of these were unobtainable, leaving 509 papers that were assessed against the
inclusion criteria.

A total of 102 studies were excluded on the basis of study design, 99 due to ineligible treatment, 37
due to an ineligible study population, and 46 due to outcomes. A further 35 studies were excluded
because the intervention studied was a combination of the interventions of interest. Five studies were
either still at the protocol stage or were ongoing. Excluded studies are listed in Appendix 10.8.

A total of 185 papers met the inclusion criteria and after linking all papers, a total of 134 original trials
formed the basis of the review; one study

26
was treated as two separate trials, as it comprised two

Therapy-plus-adjunct populations: both a general OA of the knee population and patients with varus
malalignment (randomisation was stratified). Four articles could not be translated (one Danish, one
Czech, and two Turkish), but six trials were included where the primary source of data was published
in a language other than English: four German,

27-30
one Chinese

31
and one Spanish.

32
The number of

trials for each intervention are discussed under the following sections. A flow chart of studies eligible
for the systematic review is presented in figure 1.

Summary results of the quality assessment by intervention are also presented in the following
sections; 32 (24%) of the studies in the review were classified as being of either good or satisfactory
study quality whilst the remainder were poor. Detailed results can be found at:
http://www.york.ac.uk/inst/crd/Documents/StudyQualityAssessmentResults.docx

Due to the limited number of studies relating each intervention a funnel plot was only worthwhile for
the comparison of muscle-strengthening exercise versus standard care (see section 6.2.2.2).

5.2 Standard Meta-analysis

5.2.1 Acupuncture

5.2.1.1 Study characteristics

Twenty-two trials studied acupuncture (see Table 4), with a total of 2167 participant pain scores
analysed at the end of treatment (range 14 to 342). All were full papers published between 1988 and
2010 (20 in English, one in German, and one in Chinese); ten were published between 2007 and
2010. The majority of studies were conducted in either China (four RCTs), the UK (four), Germany
(three), or the United States (three).

Twenty studies recruited a general population, one
33

studied only participants with both knees
affected by osteoarthritis, and one

34
studied only participants awaiting knee surgery. The mean ages

of participants ranged from 58 to 85 years, and the proportion of females ranged from 50 to 96%.
Mean BMI was reported in only seven studies (range 29 to 33kg/m

2
), and mean weight in only four

studies (range 60 to 90kg). The methods used for diagnosis were clinical and radiological in
seventeen studies, and clinical alone in four studies (the details were unclear in one study). Where
reported, most participants had Kellgren & Lawrence scores of at least two (although ten studies did
not report details on classification of severity).

Twelve trials compared acupuncture with sham acupuncture, and eleven with standard care. Three
trials

35-37
also studied TENS; muscle-strengthening exercise

34
and cooling treatments

37
were the

remaining interventions studied. Sessions generally lasted for 20 or 30 minutes. The majority of
studies gave between eight and 12 sessions (range: one to 23 sessions), with four to eight weeks
being the commonest treatment periods (range: two to 26 weeks). The number of points needled
ranged from 2 to 24, with the majority using between 5 and 12 points. Insertion depths were generally
around 10-15mm, although eight studies provided no relevant information. Twelve studies reported
using electrical stimulation during acupuncture.

Usual (or trial-specific) concomitant treatments, as required, were allowed in eight studies
38-45

with no
details provided in six studies. Four studies required at least one of the study arms to take specified

http://www.york.ac.uk/inst/crd/Documents/StudyQualityAssessmentResults.docx
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doses of analgesics
31 46-48

and two studies
34 36

provided additional education. Three studies allowed
no analgesics to be taken.

29 47 49

Pain was measured using a variety of scales, with WOMAC pain Likert 5 being the most frequent (7
studies). Nine studies reported overall WOMAC scores, and three reported only the individual
WOMAC sub-scores. Thirteen studies assessed adverse effects.

5.2.1.2 Study Quality

The number of participants randomised was clearly stated in all 22 studies of acupuncture, but only
12 clearly reported using appropriate randomisation methods, and only ten reported suitable methods
for concealing treatment allocation. Eligibility criteria were adequately described in 20 trials, and group
baseline characteristics appeared comparable in 17. Two studies were reported as being double-
blind

29 49
but 14 reported blinding outcome assessors. Just nine studies reported using a power

calculation for sample sizes, but 15 clearly reported using data for the intention-to-treat population.
Seventeen studies reported whether there were any losses to follow up, with 13 achieving full follow
up for at least 90% of participants.

When the overall study quality ratings were derived (see Appendix 10.2) three studies were rated as
being of good quality, six were satisfactory, and 13 were rated as being poor. Full details of study
quality are reported in Appendix 10.2.

5.2.1.3 Results of effectiveness

Pain

Of the 22 trials included in the review 18 provided final value mean data which could be included in
the pair-wise meta-analyses and in the NMA (section 6.3). The four trials that could not be included in
the analyses

29 39 47 50
were generally similar to the other 18 trials, though one was the only trial to

include patients with grade 1 Kellgren and Lawrence scores (though many trials did not report on this
characteristic). One of the four trials omitted from analysis was a large (n=330) trial of satisfactory
quality.

50
All four trials compared acupuncture with sham acupuncture; one also reported a

comparison with standard care.
47

Three were precluded from our analyses as they presented only
change from baseline scores and one did not present end of treatment means.

29 39 47 50
All four

reported results favouring acupuncture over sham acupuncture.

The 18 studies that provided final value mean data comprised 21 comparisons: eight of acupuncture
versus sham acupuncture; nine of acupuncture versus standard care; three of acupuncture versus
TENS, and one of acupuncture versus cooling treatment. When all studies (regardless of study
quality) were pooled, treatment with acupuncture was associated with statistically significant
reductions in end of treatment pain compared to both sham acupuncture and standard care. Similar
results were found when only studies of higher (satisfactory or good) quality were analysed (figures 2
to 5).

Most analyses were associated with statistically significant heterogeneity, although the causes were
not immediately apparent. All trials (as far as can be seen from the details reported) included
populations with similar populations and severity of knee OA. One trial

34
included patients awaiting

knee surgery – possibly more severe than a general population for whom acupuncture would be
considered. Sensitivity analysis conducted without this trial reduced the statistical heterogeneity of the
pooled satisfactory trials to an I

2
value of 5% and increased the pooled treatment effect, SMD: -1.14

(95% CI: -1.33, -0.95). The trial by Lu (2010)
33

investigated the effect of only a single session of
acupuncture and therefore this intervention is not comparable with those assessed in the other trials.
Sensitivity analysis conducted without this trial only increased statistical heterogeneity (I

2
= 65%) and

did not materially alter the pooled effect (-0.54 (95% CI: -0.87, -0.21).

No significant differences between acupuncture and TENS were found for end of treatment pain
(three poor quality studies, figure 6). An SMD could not be calculated for the one study of
acupuncture versus ice treatment since the acupuncture arm had an end of treatment pain score of
zero.
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Figure 2: Pain (at end of treatment): acupuncture versus sham acupuncture (all studies).

Figure 3: Pain (at end of treatment): acupuncture versus sham acupuncture (good or

satisfactory quality studies).

Study or Subgroup

Itoh (b) 2008

Lu 2010

Miller 2009

Petrou 1988

Takeda 1994

Vas 2004

Weiner 2007

Witt 2005

Total (95% CI)

Heterogeneity: Tau² = 0.10; Chi² = 17.42, df = 7 (P = 0.01); I² = 60%

Test for overall effect: Z = 3.56 (P = 0.0004)

Mean

32.63

3.81

23.7

2.38

11.15

1.7

6.17

24.4

SD

13.85

0.8

10.6

0.89

11.27

2.6

3.72

16.86

Total

17

10

28

16

20

47

44

145

327

Mean

55.9

4.64

24.4

2.33

14.84

6.4

8.04

33.2

SD

8.7

1.2

11.4

0.98

14.14

5.8

3.25

17.09

Total

7

10

27
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20

41

44

73

237

Weight

6.3%

7.5%

13.6%

10.3%

11.7%

15.4%

15.9%

19.2%

100.0%

IV, Random, 95% CI

-1.78 [-2.81, -0.74]

-0.78 [-1.70, 0.14]

-0.06 [-0.59, 0.47]

0.05 [-0.65, 0.76]

-0.28 [-0.91, 0.34]

-1.06 [-1.51, -0.61]

-0.53 [-0.96, -0.11]

-0.52 [-0.80, -0.23]

-0.55 [-0.86, -0.25]

Acupuncture Sham Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-4 -2 0 2 4
Favours acupuncture Favours sham

Study or Subgroup

Lu 2010

Miller 2009

Vas 2004

Weiner 2007

Witt 2005

Total (95% CI)

Heterogeneity: Tau² = 0.06; Chi² = 8.51, df = 4 (P = 0.07); I² = 53%

Test for overall effect: Z = 3.72 (P = 0.0002)

Mean

3.81

23.7

1.7

6.17

24.4

SD

0.8

10.6

2.6

3.72

16.86

Total

10

28

47

44

145

274

Mean

4.64

24.4

6.4

8.04

33.2

SD

1.2

11.4

5.8

3.25

17.09

Total

10

27

41

44

73

195

Weight

8.6%

18.1%

21.4%

22.4%

29.5%

100.0%

IV, Random, 95% CI

-0.78 [-1.70, 0.14]

-0.06 [-0.59, 0.47]

-1.06 [-1.51, -0.61]

-0.53 [-0.96, -0.11]

-0.52 [-0.80, -0.23]

-0.58 [-0.88, -0.27]

Acupuncture Sham Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-4 -2 0 2 4
Favours acupuncture Favours sham
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Figure 4: Pain (at end of treatment): acupuncture versus standard care (all studies).

Figure 5: Pain (at end of treatment): acupuncture versus standard care (good or satisfactory
quality studies).

Figure 6: Pain (at end of treatment): acupuncture versus TENS (all studies).

Disability (WOMAC index)

Eight studies provided final value mean data for analysis of the WOMAC index: six provided data for
the acupuncture versus standard care comparison, and three provided data for the acupuncture
versus sham-acupuncture comparison.

The comparison with standard care (Figure 7) was largely weighted by the two satisfactory quality
studies by Witt et al

44 45
and indicates that acupuncture is effective in improving disability; there was

no statistical heterogeneity (although the study by Williamson was excluded, as it appeared to cause

Study or Subgroup

Bao 2007

Berman 1999

Itoh 2008

Lansdown 2009

Tukmachi 2004

Williamson 2007

Witt 2005

Witt 2006

Wu 2008

Total (95% CI)

Heterogeneity: Tau² = 0.24; Chi² = 43.85, df = 8 (P < 0.00001); I² = 82%

Test for overall effect: Z = 3.84 (P = 0.0001)

Mean

17.75

5.34

41.7

3.6

5.16

6.4

24.4

27.7

17.75

SD

4.13

3.62

10.6

2.92

4.59

2.54

16.86

15.87

4.13

Total

20

36

6

15
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60

145

175

17
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Mean

17

9.46

54.5

6.57

12.7

6.96
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44.4

17

SD

4.7

3.56

8.7
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3.7

2.24

17.19

15.51

4.7

Total

20

37

6

15

10

61
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167

17
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Weight

11.0%

12.3%

5.6%
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8.3%

13.7%

14.1%

14.7%

10.5%

100.0%

IV, Random, 95% CI

0.17 [-0.45, 0.79]

-1.14 [-1.63, -0.64]

-1.22 [-2.50, 0.06]
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Acupuncture Standard care Std. Mean Difference Std. Mean Difference
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-4 -2 0 2 4
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Study or Subgroup

Tukmachi 2004

Williamson 2007

Witt 2005

Witt 2006

Total (95% CI)

Heterogeneity: Tau² = 0.20; Chi² = 21.61, df = 3 (P < 0.0001); I² = 86%

Test for overall effect: Z = 3.91 (P < 0.0001)

Mean

5.16

6.4

24.4

27.7

SD

4.59

2.54

16.86

15.87

Total

19
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Mean

12.7

6.96
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44.4

SD

3.7
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Total
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Weight
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-1.06 [-1.29, -0.84]
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0.04

SD
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7

25
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heterogeneity in the pain analysis). One study was not suitable for meta-analysis as it only reported
changes from baseline.

47

Figure 7: Overall (disability) WOMAC scores: Acupuncture versus Standard care (all studies).

Three studies provided data suitable for the meta-analysis of acupuncture versus sham acupuncture
(figure 8). The pooled result suggested significant benefit favouring acupuncture, although this
analysis was dominated by one study (of satisfactory quality). One study only reported changes from
baseline, so was unsuitable for meta-analysis.

47

Figure 8: Overall (disability) WOMAC scores: Acupuncture versus Sham acupuncture.

Adverse effects

Of the thirteen studies assessing adverse effects, five stated that no adverse effects were reported by
patients, with the remainder either reporting limited specific details, or that occasional minor bruising
or bleeding was associated with acupuncture.

Summary of effectiveness of acupuncture

There is evidence from studies of satisfactory quality to suggest that acupuncture is more effective
than standard care, and sham acupuncture, in reducing knee OA pain and disability.

Study or Subgroup

Berman 1999

Itoh 2008

Lansdown 2009

Witt 2005

Witt 2006

Total (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 3.86, df = 4 (P = 0.43); I² = 0%

Test for overall effect: Z = 13.64 (P < 0.00001)

Mean

28.08

40.5

19.2

26.9

30.7

SD

17.96

8.2

16.52

16.86

14.55

Total

36

6

15

145

175

377

Mean

50.11

48.3

31.71

49.6

46.4

SD

14.52

8.2

17.5

16.37

14.22

Total

37

6

15

67

167

292

Weight

10.8%

1.9%

5.1%

27.9%

54.3%

100.0%

IV, Random, 95% CI

-1.34 [-1.85, -0.83]

-0.88 [-2.09, 0.33]

-0.72 [-1.46, 0.03]

-1.35 [-1.67, -1.04]

-1.09 [-1.32, -0.86]

-1.17 [-1.33, -1.00]

Acupuncture Standard care Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-4 -2 0 2 4
Favours Acupuncture Favours Standard care

Study or Subgroup

Itoh (b) 2008

Vas 2004

Witt 2005

Total (95% CI)

Heterogeneity: Chi² = 6.07, df = 2 (P = 0.05); I² = 67%

Test for overall effect: Z = 6.14 (P < 0.00001)

Mean

40.41

9.5

26.9

SD

9.21

13.7

16.86

Total

17

47

145

209

Mean

52.7

33.4

35.8

SD

6.9

28

16.23

Total

7

41

73

121

Weight

5.7%

27.0%

67.2%

100.0%

IV, Fixed, 95% CI

-1.37 [-2.35, -0.40]

-1.10 [-1.55, -0.65]

-0.53 [-0.82, -0.25]

-0.73 [-0.97, -0.50]

Acupuncture Sham acupuncture Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Acupuncture Favours Sham acupuncture
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Table 4: Acupuncture trials: study details
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Bao 2007
48

Acupuncture(2)
Standard care(4)

40
Y

China 63 62 NR NR Clinical NR/
Unclear

Poor 20 12 4 7 Unclear Yes Lysholm
scores

No

Berman
1999

42

Acupuncture(2)
Standard care(2)

73
Y

USA 60 65 NR mean
32

Clinical and
radiological

2 or
higher

Poor 20 16 8 5
0.4 to 0.6

inches

Yes WOMAC pain
Likert 5

Yes

Berman
2004

50

Acupuncture
Sham

acupuncture

330
N**

USA 63 66 NR NR Clinical and
radiological

2 or
higher

Satisfactory 20 23 26 9
0.3 to 1.0

inches

Yes WOMAC pain
Likert 5

range 0-20

Other
overall
score

Patient's
Global

assessmen
t

Itoh 2008
35

Acupuncture(1)
TENS(1)

Standard care(2)

18
Y

Japan 66 range
62-83

NR NR Clinical and
radiological

2 or
higher

Poor 15 to 25 -
extra 10

when de qi
achieved

5 5 6
10mm

No Other Pain
VAS

10 cm VAS
scale (0-100)

Yes

Itoh 2008 38 Acupuncture(2)
Sham

acupuncture(2)

24
Y

Japan 77 73 NR NR Clinical and
radiological

2 or
higher

Poor 30 5 5 6 for
standard

acupuncture

mean of 3.3
for trigger

acupuncture

10mm for
standard

acupuncture

10-30mm for
trigger

acupuncture

No Other Pain
VAS

100mm

Yes
Probably

using Likert
scale
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Jubb 2008
39

Acupuncture
Sham

acupuncture

62
N**

UK 81 65 NR mean
32

Clinical and
radiological

2 or 3 Poor Manual acu
puncture:10

mins
Electrical

acupuncture
: anterior

part 10 mins
then

posterior
part10 mins

10 5 9 Varied
between 1
and 1.5cm

Yes WOMAC pain
subscale VAS

0-100

Other Pain
VAS

Overall knee
pain (0-100)

Individual
WOMAC

subs
scores

reported

Lansdown
2009

41

Acupuncture(2)
Standard care(2)

30
Y

UK 60 64 NR NR Clinical NR/
Unclear

Poor 10 to 30 up to
10
(as

nece
ssary

)

Around
10

varied from 4
to 24

Varied from 3
to 30 mm

Unclear/
not

stated

WOMAC pain
Likert 5

Yes

Lu 2010
33

Acupuncture(2)
Sham

acupuncture(2)

20
Y

China NR 64
mean

66

NR Clinical and
radiological

2 or 3 Satisfactory 30 1 Unclear/
not

stated

5 1-1.5cm Yes
0.5 mA
and 1

ms
square
pulse
and 2

Hz
frequenc

y.

Other Pain
VAS

1-10 VAS (note
- SD for post-
treatment pain
read off graph)

No

Miller 2009
40

Acupuncture(2)
Sham

acupuncture(2)

55
Y

Israel 69 71 NR NR Unclear/not
stated

NR/
Unclear

Satisfactory 20 16 8 9 Unclear/not
stated

Unclear/
not

stated

Other pain
Likert 5

10 point Likert

No

Molsberger
1994

29

Acupuncture
Sham

acupuncture

97
N*

Germany 63 60 NR NR Clinical and
radiological

NR
(Wirth

classifica
tion)

Poor 20 10 5 9 0.5-1.5cm Unclear/
not

stated

Other Pain
VAS

VAS 0-10

No

Ng 2003 36 Acupuncture(3)
TENS(3)

Standard care(3)

14(imputed)
Y (only vs

TENS)

China 96 85 NR NR Clinical NR/
Unclear

Poor 20 8 2 2 10-15mm Yes The Numerical
Rating Scale

(NRS) of pain,

No

Petrou Acupuncture(1) 31 Hungary 74 62 NR Clinical NR/ Poor 20 8 2 12 Unclear/not No Four graded No
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1988
49

Sham
acupuncture(1)

Y mean
80

Unclear stated standard pain
scale (4

points=severe,
3

points=modera
te, 2

points=mild, 1
point=none).

Sangdee
2002

47

Acupuncture
Sham

acupuncture

Standard care

186
N**

Thailand 78 63
mean

60

NR Clinical and
radiological

1 or
higher

Poor 20 12 4 4 0.5 inch Yes WOMAC pain
Likert 5

Other Pain
VAS

Patient's global
pain as 100

mm VAS

Yes

Takeda
1994

51

Acupuncture(2)
Sham

acupuncture(2)

40
Y

Canada 50 62
mean

90
Mean

33

Clinical and
radiological

NR/
Unclear

Poor 30 9 3 5 30 mm No WOMAC pain
subscale VAS

0-10

Pain Rating
Index (PRI) of
McGill Pain

Questionnaire.

Individual
WOMAC

subs
scores

reported:
pain,

stiffness
and

function
indices

Tukmachi
2004

43

Acupuncture(1
&2)

Standard care(2)

29
Y

UK 83 61 NR NR Clinical and
radiological

2 or 3 Good 20-30 10 5 9 1-1.5cm Yes WOMAC pain
Likert 5

Likert 0-25
Other Pain

VAS
VAS 0-10cm

Other
overall
score
Global

assessmen
t (VAS 0-

10)

Vas 2004
46

Acupuncture(4)
Sham

acupuncture(4)

88
Y

Spain 84 67 NR
mean

33

Clinical and
radiological

NR -
Used

Ahlbäck
grade 1

or higher

Good 20 12 12 8 Unclear/not
stated

Yes WOMAC pain
Likert 5

Other
VAS 0-100

Yes
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Weiner
2007

52

Acupuncture(2)
Sham

acupuncture(2)

88
Y

USA 55 71 NR
mean

32

Clinical and
radiological

2 or
higher

Good 30 6 6 6 until just
touch the

bone.

Yes
(4

points)

WOMAC pain
Likert 5

Individual
WOMAC

subs
scores

reported:
WOMAC
function

Williamson
2007

34

Acupuncture(2)
Muscle

strengthening
exercise (2)

Standard care(3)

181
Y

UK 54 71 NR
mean

32

Clinical and
radiological

(patients
awaiting

arthroplasty)

NR/
Unclear

Satisfactory 20 6 6 7 -10 Unclear/not
stated

No Other Pain
VAS

VAS pain 0-
10cm

Yes

Witt 2005
45

Acupuncture(2)
Sham

acupuncture(2)

Standard care(2)

285
Y

Germany 66 64 NR
mean

29

Clinical and
radiological

2 or
higher

Satisfactory 30 12 8 At least 8 for
unilateral

pain and at
least 16 for

bilateral pain

Unclear/not
stated

No WOMAC pain
subscale VAS

0-100

Yes

Witt 2006
44

Acupuncture(2)
Standard care(2)

342
Y

Germany 60 61 NR NR Clinical and
radiological

NR/
Unclear

Satisfactory Individually
prescribed

On
avera
ge 11

12 Individually
prescribed

Unclear/not
stated

No WOMAC pain
subscale VAS

0-10

Yes

Wu 2008
31

Acupuncture(2)
Standard care(4)

34(imputed)
Y

China 63 62 NR NR Clinical and
radiological

NR/
Unclear

Poor 20 12 4 At least 8 Unclear/not
stated

Yes Lysholm score No

Yurtkuran
1999

37

Acupuncture(2)
Ice/cooling

treatment(2)
TENS(2)

Placebo TENS(2)

100
Y

Turkey 91 58 NR NR Clinical and
radiological

NR/
Unclear

Poor
Please edit

Unclear 10 2 4 0.5 to 1.0
inches

Yes Likert 5 No

* No Means, ** Only change from baseline scores reported
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5.2.2 Muscle-strengthening exercise

5.2.2.1 Study characteristics

Thirty trials studied the effectiveness of muscle-strengthening exercise (see Table 5), with a total of
2771 participant pain scores analysed at the end of treatment (range 18 to 366). Twenty-nine were full
published papers and one was a conference abstract

53
. All were English language studies, except for

one German paper
28

, and all were published between 1995 and 2010, half of them since 2005. The
majority of studies were undertaken in the UK (six) and USA (five), Denmark (three) and Taiwan
(three).

Most studies recruited a general population, but two recruited only patients awaiting knee surgery,
34 54

four recruited only patients with both knees affected by osteoarthritis,
55-58

and one recruited only
patients with varus malalignment.

26
The mean age of participants ranged from 53 to 77 years; in 22

studies mean age was between 60 and 69 years. The proportion of females ranged from 31% to
100%; in 17 studies the proportion of females was at least 70%. Mean BMI ranged from 24 to 33
kg/m

2
(14 studies); in nine studies the mean was between 30 and 33 kg/m

2
. Mean weight ranged from

55 to 89 kg, though most studies were between 75 and 85kg (eight studies).

The methods used for diagnosis were clinical and radiological in 21 studies, clinical alone in five,
radiological alone in three, and the methods were unclear or not stated in one study. Where specified,
participants had Kellgren & Lawrence scores of 2 or 3 in two studies, 2 or higher in four studies, 3 or
higher in one study and 3 or lower in five. Four studies used other methods of classification including:
Ahlbäck criteria; Lequesne score; Altman grading system; and American College of Rheumatology
(ACR). Thirteen studies did not report details on classification of severity.

All studies were of land-based exercise (and one study compared land-based with water-based
exercise

59
) and in 11 studies home exercise was also incorporated into the intervention (see Table 5).

Sessions were undertaken as groups in 10 studies, for individuals in seven studies, and it was unclear
or not reported in 13 studies. Where stated, sessions ran from 10 to 80 minutes, though 40-60
minutes was the most frequently reported duration (12 studies). The range of exercise treatment
durations for all trials was between 4 and 72 weeks, though for the majority (12 studies) treatment
was for 8 weeks, and for all but three studies

60-62
exercise duration was between 4 and 12 weeks. The

number of sessions given to participants in the trials ranged from 3 to 216, though half the studies
used 16-24 sessions.

The number of review-relevant treatment groups was 2 in 18 studies, 3 in 11 studies and 4 in one
study. These studies comprised 33 relevant comparisons with muscle strengthening exercise: 20
were standard care, three were placebo, two were no intervention, two were aerobic exercise, and
single comparisons were made with heat treatment, TENS, acupuncture, PES, manual therapy, and
NMES. Five studies also compared different types of strengthening exercise with each other, and a
relevant comparator.

55 57 59 60 63

Usual concomitant treatments (as required) were allowed in 13 studies, but in 12 studies such details
were unclear or not stated. Education or advice was given as background care in six studies,

34 62 64-67
,

a specific programme of home exercise (which was not part of the active intervention) was used in
two studies,

65 68
and a self-management component was included as part of the exercise sessions in

one study.
69

Two studies stated that no medication was permitted.
55 57

One study required (some)
participants to take a daily dose of aceclofenac.

70

Pain was most frequently measured using a VAS 0-10 scale (10 studies), a VAS 0-100 scale (5
studies), a WOMAC VAS 0-100 (4 studies) and a WOMAC 5-point Likert scale (8 studies); five
additional measures of pain outcome were also used. An overall WOMAC score was reported in five
studies, with WOMAC sub-scores reported in six studies; these included pain in five studies, function
in five studies, stiffness in two studies and function in one.

Quality of life data were reported in seven studies (SF36 in four studies
61 67 68 71

one study used EQ-
5D, MACTAR (McMaster Toronto Arthritis) and HADS

69
, and single studies used AIMS

72
and Knee

injury and Osteoarthritis Outcome Score (KOOS).
59

Adverse effects were assessed in eight studies.
26

34 58 59 62 63 68 71



32

5.2.2.2 Study Quality

Although the number of participants randomised was stated for all 30 trials of muscle-strengthening
exercise, only half clearly reported using appropriate methods for randomisation, and only a third
used appropriate methods for concealing treatment allocation. One study used cluster
randomisation.

69
Eligibility criteria were adequately described in 77% of studies and group baseline

characteristics appeared comparable in 61% of studies; the study with two different populations
26

reported comparable baseline characteristics for the neutral knee alignment population, but not for the
mal-aligned population. Only one study was described as being double blinded, highlighting the
difficulties of blinding treatment-givers and patients in exercise trials, and only 40% of studies reported
using blinded outcome assessors. Use of a power calculation for sample sizes was reported in 43%
of studies and half the studies reported data for the intention-to-treat population. Seventy per cent of
studies clearly reported whether there were any losses to follow up, but only 47% achieved full follow
up for at least 90% of participants.

When the overall study quality ratings were derived 71% of studies were rated as being of poor
quality, and 29% were satisfactory. The study with two different populations

26
was rated as poor for

the mal-aligned population and satisfactory for the neutral population. Full details of study quality are
reported in Appendix 10.2.

A funnel plot revealed no indication of publication bias (see figure 9)

Figure 9: Funnel plot for muscle-strengthening exercise versus standard care comparison.

5.2.2.3 Results of effectiveness

Pain

Six trials did not provide mean data following treatment so could not be included in the meta-analyses
nor the NMA.

53 58 64 65 70 73
All were rated to be of poor quality. Of these, five reported only medians,

and one presented only change from baseline scores. One further study presented only mean
differences between intervention and control groups, so could be included in the NMA, but not in the
meta-analyses.

63
These seven trials were generally comparable with those that could be analysed,

except that one
63

was of whole body vibration exercise and one included only patients whose Kellgren
& Lawrence scores were 3 or higher.

58
Most were small trials, though one had a sample size of 217,
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and two were of satisfactory quality. These studies either did not report analyses comparing treatment
group pain scores, or found no significant differences between groups.

Twenty-three studies reported final mean value data for 23 comparisons: 19 for MSE versus standard
care; two MSE versus placebo and two for MSE versus no intervention. The analyses for all studies,
and only higher-quality studies (Figures 10 & 11), both showed significant benefit favouring muscle-
strengthening exercise over standard care for reducing end of treatment pain. The results of subgroup
analyses of trials that did, or did not, incorporate home exercise into the intervention also showed
significant benefit favouring muscle-strengthening exercise over standard care when were analysed
separately: -0.32 (95% CI: -0.47, -0.17) I

2
=0% and -0.33 (95%CI: -0. 57, -0. 22) I

2
= 23% respectively.

There was almost no statistical heterogeneity associated with the analysis of all studies, or the
analysis of studies with and without home exercise, but a high level of statistical heterogeneity was
associated with the meta-analysis of higher-quality studies, which may partly be a consequence of the
narrower confidence intervals associated with the individual effect estimates. This analysis also
included two trials of patients awaiting surgery, whose OA severity might be higher than the general
population; statistical heterogeneity was not eliminated by removal of these two trials from the
analysis and the resultant pooled treatment effect may be an overestimate (-0.63 95% CI: -0.97, -
0.28) .

The two trials comparing MSE with no intervention both found a significant beneficial treatment effect
favouring MSE. However, the pooled effect (SMD -0.91, 95% CI -1.33 to -0.50) was associated with a
very high degree of heterogeneity (I

2
= 86%) such that it cannot be viewed as being reliable. There

was a mean weight difference of 16kg between the study populations (one Taiwan, the other Turkey),
which may explain the heterogeneity. One small poor quality trial compared muscle-strengthening
exercise with placebo exercise

61
SMD -0.63 (95% CI: -1.29, 0.02). Another small poor quality trial

compared muscle-strengthening exercise with TENS
74

and the SMD was -0.42 (95% CI: -0.29, 1.13).
One study only provided data after six months’ follow up (there were no end of treatment results).

69

Figure 10: Pain (at end of treatment): muscle-strengthening exercise versus standard care (all

studies).
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Test for overall effect: Z = 7.05 (P < 0.00001)

Mean

71.1

3

2.21

2.5

3.7

4.14

22.8

28.5

4.2

53.73

143.79

7.5

3.09

1.84

9.7

10.55

6.9

SD

110.1

1.5

0.66

2.4

0.7

2.28

16.9

16.9

3

20.65

111.29

3.95

1.54

1.57

4.72

12.76

2.36

Total

11

34

120

14

25

173

27

26

36

52

49

93

59

9

10

67

60

865

Mean

138.2

3.3

2.4

3.7

4.3

5.15

33.6

36.2

7.3

58.1

167.11

9.04

3.94

2.72

10.1

10.77

6.96

SD

112.6

1.5

0.56

2.9

1.6

2.26

15.4

16.2

3.4

20.78

111.29

3.84

2.22

1.97

6.44

3.19

2.24

Total

10

34

127

14

28

193

28

26

36

27

49

79

65

15

10

35

61

837

Weight

1.3%

4.2%

14.6%

1.7%

3.2%

20.8%

3.2%

3.2%

4.0%

4.4%

6.0%

10.2%

7.4%

1.4%

1.3%

5.7%

7.4%

100.0%

IV, Random, 95% CI

-0.58 [-1.46, 0.30]

-0.20 [-0.67, 0.28]

-0.31 [-0.56, -0.06]

-0.44 [-1.19, 0.31]

-0.47 [-1.02, 0.08]

-0.44 [-0.65, -0.24]

-0.66 [-1.20, -0.12]

-0.46 [-1.01, 0.09]

-0.96 [-1.45, -0.47]

-0.21 [-0.68, 0.26]

-0.21 [-0.60, 0.19]

-0.39 [-0.70, -0.09]

-0.44 [-0.80, -0.08]

-0.46 [-1.30, 0.38]

-0.07 [-0.94, 0.81]

-0.02 [-0.43, 0.39]

-0.03 [-0.38, 0.33]

-0.35 [-0.45, -0.26]

Exercise Musc. Str. Standard Care Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-4 -2 0 2 4
Favours Musc.Str. Ex Favours Standard care



34

Figure 11: Pain (at end of treatment): muscle-strengthening exercise versus standard care
(good or satisfactory quality studies).

Disability (WOMAC index)

Two studies provided overall WOMAC scores at the end of treatment suitable for analysis. For one
there was no significant difference between MSE and standard care (SMD -0.13, 95% CI -0.48 to
0.23)

34
and for the other MSE significantly reduced the WOMAC index compared to shortwave

diathermy heat treatment (SMD -0.71, 95% CI -1.28 to -0.13).
75

Adverse effects

Of the nine trials assessing adverse effects, four stated that none were reported, with the remainder
reporting limited specific details, or that knee pain, or falls were occasionally associated with muscle-
strengthening exercise.

Summary of effectiveness of muscle-strengthening exercise

There is evidence from studies of satisfactory quality to suggest that MSE is more effective than
standard care, in reducing knee OA pain.

Study or Subgroup

Borjesson 1996

Lim 2008a

Lin 2009

McCarthy 2004

Williamson 2007

Total (95% CI)

Heterogeneity: Tau² = 0.07; Chi² = 10.71, df = 4 (P = 0.03); I² = 63%

Test for overall effect: Z = 2.66 (P = 0.008)

Mean
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Weight
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Table 5: Muscle-strengthening exercise trials: study details
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Abrahams
2002

70

MSE
Standard care

56
N*

UK NR range 22-
83

NR NR Clinical and
radiological

NR/Unclear Poor Unclear/
NR

Unclear/N
R

12 Unclear/NR Other Pain VAS
VAS slide indicator
version (0-100)but
no data reported

No

An 2008
71

MSE(2)
Standard
care(2)

21
Y

China 100 65 NR 26 Clinical Other
method used

to classify
OA severity
ACR Criteria

Poor 30 40 8 No WOMAC pain
subscale VAS 0-

100

No

Baker 2001
61

MSE(2)
Placebo

(2)

38
Y

USA 78 69 NR 32 Clinical and
radiological

NR/Unclear
median 3

Poor Unclear/
NR

48
(patients

exercised 3
times per
week for
16 weeks
at home,
with 12

supervised
visits)

16 Yes WOMAC pain
subscale VAS 0-

100

Pain and
physical
function

subs
scores

reported

Bezalel
2010

75

MSE(2)
Heat

treatment(2)
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Israel 74 74 NR NR Unclear/NR NR/Unclear Poor 45 4 4 Yes WOMAC pain
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Data for post
treatment and

follow-up read off
graph - not very

precise
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Borjesson
1996
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MSE(2)
Standard
care(2)
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Y

Sweden 50 64 83 NR Clinical and
radiological

Other
method used

to classify
OA severity

Ahlbäck
grade I-III

Satisfactory 40 15 5 Yes Borg scale (11-
garde category

scale 0-no pain to
10-worse pain).

No
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Callaghan
1995

65

MSE
Standard care

Placebo

27
N*

UK 31 median 53 NR NR Radiological NR/Unclear Poor 20 8 4 No Other Pain VAS
0-10 scale

No

Cheing
2002

74

MSE(2)
TENS(2)
Placebo
TENS(2)

47
Y

China 89 63 67 28 Clinical and
radiological

2 or higher Poor 20 20 4 No Other Pain VAS
VAS 0-100, with
baseline score
standardised to

100

No

Durmus
2007

76

MSE(2)
PES(2)

50
Y

Turkey 100 55 NR 33 Clinical and
radiological

3 or lower Satisfactory 20. 20
sessions

4 No WOMAC pain
subscale VAS 0-10

Other Pain VAS
VAS 0-10

All 3
Individual
WOMAC

subs
scores

reported

Ettinger
1997

62

MSE(2)
Aerobic

exercise(2)
Standard
care(3)

364
Y

USA 70 69 NR 53%
>30kg/m2

Clinical and
radiological

NR/Unclear Poor 60 216 72 Yes Other pain Likert 5
Likert 1 (no pain) to

6 (excruciating
pain)

No

Gur 2002
55

MSE(1)
No

intervention(1)

23
Y

Turkey NR 56 79 NR Radiological 2 or 3 Poor Unclear/
NR

24 8 No Other Pain VAS
Numeric rating
scale 0-10 (10

unbearable pain).
the score is the

sum of scores for
pain at night, after

inactivity, on
sitting, on rising

from a chair,
climbing stairs,

descending stairs

No
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Hasegawa
2010

77

MSE(2)
Standard
care(2)

28
Y

Japan 64 77 55 24 Clinical
diagnosis

was of Knee
joint Pain

(KJP)

NR/
Unclear

Poor 80 (60 of
exercise
plus 20
of warm
up/down)

12 (also a
minimum

of 24 home
exercise
sessions)

12 Yes Other Pain VAS
0-10 NRS (pain on

movement)

No

Hay 2006
64

MSE
Standard care

217
N**

UK 65 68 NR NR Clinical
Patients with
knee pain –
knee OA not

specified

NR/
Unclear

Poor 20 3 to 6 10 Yes WOMAC pain
Likert 5

Other Pain VAS
(specify)

Pain severity over
previous 7 days on

scale 0-10

No

Huang
2005

56

MSE(2)
Standard
care(2)

98
Y

Taiwan 81 62 NR NR Clinical and
radiological

NR -
Patients with
Altman grade

II were
included

Poor Unclear/
NR

24 8 Yes
but only after

8-week
treatment i.e.
during post
treatment
follow-up.

Other Pain VAS
Other pain VAS 1-

10

No

Hurley
2007

69

MSE
Standard care

53
Y

UK 70 67 81 30 Clinical NR/Unclear Satisfactory 35 to 45 12 6 No, but did
include self-
management
and coping

skills

WOMAC pain
Likert 5

Yes

Jan 2008
57

MSE(1)
No

intervention(1)

98
Y

Taiwan 81 63 63 NR Clinical and
radiological

3 or lower Satisfactory 30 (HR)
and 50
(LR)

24 8 No WOMAC pain
Likert 5

Only
physical
subscale
reported

Keogan
2007

53

MSE
Aerobic
exercise

Standard care

80
N**

Republic
of Ireland

64 66 NR 30.6 Clinical and
radiological

NR/Unclear Poor Unclear/
NR

Unclear/
NR

6 Unclear/NR Other Pain VAS
NR, VAS 0-10
more likely has

been used.

No
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Kuptnira-
saikul 2002

72

MSE(2)
Standard
care(2)

366
Y

Thailand 78 68 NR 11% were
obese

Radiological 2 or 3 Poor 60 16 8 Unclear/NR Other
AIMS pain

subscale (0-10)

No

Lim 2008
26

MSE(2)
Standard
care(2)

107
Y

Australia Grou
p

with
more
neutr

al
knee
align
ment
: 62

Grou
p

with
more
varus
knee
malal
ignm
ent:
48

Group with
more

neutral
knee

alignment:
mean 62

years
Group with
more varus

knee
malalignme

nt: mean
67 years

Group with
more

neutral
knee

alignment:
mean 78

Group with
more varus

knee
malalignme

nt: mean
81

Group with
more

neutral
knee

alignment:
mean 29

Group with
more varus

knee
malalignme

nt: mean
29

Clinical and
radiological

2 or higher Satisfactory
For neutral

group
Poor
for

malaligned
group

Unclear/
NR

60 (7 with
physiother

apist at
weeks 1, 2,

3, 4, 5, 7
and 10)

12 Yes
Most exercise

was home
based, but
participants

also visited the
physiotherapist

seven times
during the 12
week period.

WOMAC pain
Likert 5

(transformed to a
0-100 scale)

No

Lin 2009
78

MSE(2)
Standard
care(2)

72
Y

Taiwan 69 63 62 NR Clinical and
radiological

3 or lower Satisfactory Unclear/
NR

24 8 No
Told to cease

other
exercises.

WOMAC pain
Likert 5

Pain and
function

sub scores
reported

Lund 2008
59

MSE(2)
Standard
care(2)

79
Y

Denmark 78 68 75 NR Clinical and
radiological

Other
method used

to classify
OA severity

Lequesne (1-
26)score.

Mean score

Poor 50 16 8 Unclear/NR Other Pain VAS
VAS 0-100

No
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of
participants

was 11.

Maurer
1999

67

MSE(2)
Standard
care(3)

98
Y

USA 42 65 85 NR Clinical and
radiological

3 or lower Poor Unclear/
NR

24 8 Unclear/NR WOMAC pain
subscale VAS 0-

100

Pain and
function

sub scores
reported

McCarthy
2004

68

MSE(3)
Standard
care(3)

172
Y

UK 58 65 NR 30 Clinical and
radiological

Satisfactory 45 16 8 Yes WOMAC pain
Likert 5

Other Pain VAS
VAS pain score 0-

100

No (only at
baseline)

Peloquin
1999

66

MSE(3)
Standard
care(3)

124
Y

Canada 70 66 NR 30 Clinical and
radiological

3 or lower Poor 60 36 12 No Other
Arthritis Impact
Measurement
Scale (AIMS2)

subscale for pain.

No

Rapp 2009
28

MSE(2)
Manual

therapy(2)
Standard
care(2)

39
Y

Germany 64 60 83 NR Clinical and
radiological

2 or higher Poor 45 16 8 Unclear/NR Other Pain VAS
VAS 0-10

No

Røgind
1998

58

MSE
Standard care

23
N*

Denmark 91 71 71 27 Clinical and
radiological

3 or higher Poor Unclear/
NR

24 or 26 (2
per week

for 3
months)

12 Yes Other Pain VAS
Pain on an 11

point. Separate
scores for pain at
night, at rest and

on weight bearing.

No

Rosemffet
2004

73

MSE
NMES

18
N*

Argentin
a

77 median 60 NR 30.9 Clinical and
radiological

2 or higher Poor 75 16 8 Unclear/NR Other Pain VAS
20-80 mm VAS

scale

Yes

Schilke MSE(2) Y USA 85 66 NR NR Clinical NR/Unclear Poor Unclear/ 24 8 No Other Pain VAS No
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1996
79

Standard
care(2)

20 NR OASI 10cm VAS

Topp 2002
60

MSE(2)
Standard
care(2)

102
Y

USA 73 63 89 NR Clinical and
radiological

NR/Unclear Poor 50 48 16 Yes WOMAC pain
Likert 5

No

Trans 2009
63

MSE(2)
Standard
care(2)

52
Y

Denmark 100 60 81 30 Clinical and
radiological

NR/Unclear Satisfactory Up to
10.5

16 8 No
Both

interventions

WOMAC pain
subscale VAS 0-

100

All 3
individual
WOMAC

subs
scores

reported

Williamson
2007

34

MSE(2)
Acupuncture(2)

Standard
care(3)

181
Y

UK 54 71 NR 32 Clinical and
radiological
Patients on

NHS
arthroplasty
waiting list

NR/Unclear Satisfactory 60 6 6 No Other Pain VAS
VAS pain 0-10cm

Yes

* No Means, ** Only change from baseline scores reported MSE=Muscle-strengthening exercise
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5.2.3 Aerobic exercise

5.2.3.1 Study characteristics

Nine trials studied aerobic exercise interventions (see Table 6), with over 880 participant pain scores
analysed at the end of treatment (range 25 to 364, sample size details not provided in two trials).
Seven were full published papers and two were conference abstracts

53 80
. All studies were reported in

English, between 1992 and 2009. Four studies were conducted in the United States.
Six studies recruited a general population, two studied only participants with both knees affected by
osteoarthritis

80 81
, and one studied only overweight or obese participants

82
. The mean/median ages of

participants ranged from 54 to 75 years, and the proportion of females ranged from 50 to 100%. Mean
BMI was reported in only four studies (range 30 to 34 kg/m

2
), and mean weight in only two studies.

The methods used for diagnosis were clinical and radiological in seven studies, and clinical alone in
two studies. Only three studies reported using Kellgren & Lawrence scores with the remaining studies
not reporting details on classification of severity.

All nine trials compared land-based aerobic exercise with standard care; two multi-armed studies
53 62

also used muscle-strengthening exercise interventions, and one
82

multi-armed study also used a
dieting weight loss intervention. Sessions generally lasted for around an hour (range 20 to 90
minutes). The total number of sessions varied greatly from 12 to 234, over periods ranging from six to
78 weeks. Where stated, most studies ran sessions to groups rather than individuals, and four
studies

62 82-84
used additional home exercise as part of the intervention. Usual (or trial-specific)

concomitant treatments, as required, were allowed in four studies
62 81 83 85

, and no details were
provided in two studies.

32 76
Four studies

62 82 84 86
provided additional education. One study

80
provided

a home exercise plan for the standard care group, and in one study
53

background care details were
not provided.

Pain was measured using a variety of scales; only three studies measured WOMAC pain (two using a
VAS 0-10 scale, and one using a Likert scale). Only one study reported overall WOMAC scores, one
reported individual WOMAC sub-scores, one reported Arthritis Self-efficacy Scale scores and the
remaining studies did not report on overall assessment of disability. Adverse effects were only
assessed in two studies.

62 82

5.2.3.2 Study Quality

The number of participants randomised was clearly stated in all but one
80

study, but only four
62 81 82 86

clearly reported using appropriate randomisation methods, and only two studies
62 82

reported suitable
methods for concealing treatment allocation. Eligibility criteria were adequately described in six trials,
but group baseline characteristics appeared comparable in only four, and just two studies

62 82
reported

blinding outcome assessors. Three studies
62 82 83

reported using a power calculation for sample sizes,
and three

53 62 82
clearly reported using data for the intention-to-treat population. However, all studies

but two
53 80

reported whether there were any losses to follow up. Four studies achieved full follow up
for at least 90% of participants.

When the overall study quality ratings were derived eight studies were rated as being of poor quality,
and one

82
was rated as being of satisfactory quality. Full details of study quality are reported in

Appendix 10.2.

5.2.3.3 Results of effectiveness

Pain

Four trials did not provide final value data for inclusion in analyses.
53 80 83 84

. Generally they were
similar to the remaining trials except that they included the one trial that provided a home exercise
plan for the standard care group

80
and one specified grade 3 or higher K+L severity which may be

more severe than the other trials. All four were comparisons with standard care, though one also
incorporated a comparison with MSE.

53
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Five studies reported final value data for the comparison of aerobic exercise versus standard care;
one for aerobic exercise versus MSE

62
, and one for aerobic exercise versus weight loss

82
.

Pooling all available trials (five of the nine studies) found that treatment with aerobic exercise
interventions was associated with a statistically significant reduction in end of treatment pain,
compared to standard care (Figure 12) but the analysis was subject to an extremely high level of
statistical heterogeneity (88%). Removal of one very small poor quality study reporting a very large
treatment effect

81
, reduced the I

2
value from 88% to 61% (SMD -0.32, 95% CI -0.62 to -0.01). The

other main source of heterogeneity was the one satisfactory quality study, which found no difference
in end of treatment pain (Messier).

82
In this trial the population was restricted to overweight or obese

participants and also it was the only one where the aerobic exercise intervention was reported to have
been delivered to individuals.

Figure 12: Pain at end of treatment: Aerobic exercise versus standard care.

Disability (WOMAC index)

Only one study reported overall WOMAC, but used change from baseline scores.
81

Adverse effects

The two studies which assessed adverse effects reported tripping or falling in a very small minority of
participants.

5.2.3.4 Summary of effectiveness of aerobic exercise

There was no evidence of satisfactory quality to suggest aerobic exercise was more effective than
standard care in reducing knee OA pain.

Study or Subgroup

Aglamis 2009

Ettinger 1997

Keefe 2004

Kovar 1992

Messier 2004

Total (95% CI)

Heterogeneity: Tau² = 0.34; Chi² = 33.31, df = 4 (P < 0.00001); I² = 88%

Test for overall effect: Z = 2.35 (P = 0.02)

Mean

0.7

2.14

3.19

3.77

6.24

SD

1

0.54

1.85

1.73

4.2

Total

16

117

14

47

80

274

Mean

7.7

2.4

4.03

4.77

6.02

SD

2.3

0.56

2.08

2.12

3.97

Total

9

127

16

45

78

275

Weight

9.3%

24.8%

18.6%

23.0%

24.3%

100.0%

IV, Random, 95% CI

-4.29 [-5.82, -2.76]

-0.47 [-0.73, -0.22]

-0.41 [-1.14, 0.31]

-0.51 [-0.93, -0.10]

0.05 [-0.26, 0.37]

-0.70 [-1.28, -0.12]

Exercise (aerobic) Standard care Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-4 -2 0 2 4
Favours Aerobic exercise Favours standard care
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Table 6: Aerobic exercise trials: study details
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Aglamis 2009
81

AerEx(2)
Standard
care(2)

25
Y

Turkey 100 56 NR 33 Clinical and
radiological

2 or
higher

Poor 20 36 12 Unclear/
NR

No WOMAC pain subscale
VAS 0-10

Yes

Bilgici 2004
80

AerEx
Standard

care

NR
N*

Turkey NR 54 NR NR Clinical NR/
Unclear

Poor 60 16 8 Unclear/
NR

Unclear/
NR

WOMAC pain subscale
VAS 0-10

Unclear what form of
WOMAC was used: no

data reported

No

Dias 2003
84

AerEx
Standard

care

NR
N*

Brazil 88 median
74, 76

NR NR Clinical and
radiological

NR/
Unclear

Poor 40 12 6
(followed

by 6
weeks
home

exercise)

Sessions
given to
groups

Yes for 6
weeks,

following
the 6

weeks
interventi

on

SF-36 Bodily Pain
Insufficient pain

outcome data reported
for data extraction

No

Ettinger 1997
62

AerEx(2)
MSE(2)

Standard
care(3)

364
Y

USA 70 69 NR 53%
>30k
g/m2

Clinical and
radiological

NR/
Unclear

Poor 60 216 72 Sessions
given to
groups

Yes Other pain Likert 5
(specify)

Likert 1 (no pain) to 6
(excruciating pain)

No

Keefe 2004
85

AerEx(2)
Standard
care(2)

30(imputed)
Y

USA 50 59 NR NR Clinical NR/
Unclear

Poor 60 36 12 Sessions
given to
groups

No Other (specify)
Arthritis Impact

Measurement Scales
(AIMS)4-item Pain

No, but
Arthritis

Self-
efficacy

Scale used

Keogan 2007
53

AerEx
MSE

Standard
care

80
N**

Republic
of Ireland

64 66 NR 31 Clinical and
radiological

NR/
Unclear

Poor Unclear/
NR

Unclear/
NR

6 Unclear/
NR

Unclear/
NR

Other Pain VAS
(specify)

NR, VAS 0-10 more
likely has been used.

No

Kovar 1992
86

AerEx(2)
Standard
care(3)

92
Y

USA 83 69 mean 77 NR Clinical and
radiological

NR/
Unclear

Poor 90 24 8 Sessions
given to
groups

No Other (specify)
Arthritis Impact

Measurement Scale
(AIMS) VAS 10

No
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Messier 2004
82

AerEx(2)
Weight
loss(2)

Standard
care(3)

240
Y

USA 72 69 Mean 94 34 Clinical and
radiological

3 or
lower

Satisfact
ory

60 234 78 Sessions
given to

individuals

Yes WOMAC pain
Likert 5

Pain &
physical
function

subs
scores

reported

Thorstensson
200583

AerEx
Standard

care

56
N**

Sweden 51 56 NR 30 Clinical and
radiological

3 or
higher

Poor 60 12 6 Sessions
given to
groups

Yes Other Pain VAS
(specify)
KOOS

No

* No means ** Only change from baseline scores reported NR Not reported, Aer Ex= Aerobic exercise, MSE =Muscle-strengthening exercise
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5.2.4 Tai Chi

5.2.4.1 Study characteristics

Five trials studied Tai Chi (see Table 7) with a total of 336 participant pain scores analysed at the end
of treatment (range 29 to 182); all were full published papers in English between 2007 and 2010. Two
of the five studies were conducted in the United States and the rest in the Far East (China, Hong
Kong and Korea). All participants were derived from a general knee OA population and their mean
age ranged from 63 to 70 years, and the proportion of females ranged from 75 to 100%. Mean BMI
was reported in four studies (range 26 to 30), and mean weight in three studies (range 61 to 73kg).
The methods used for diagnosis were clinical in three studies and clinical and radiological in two
studies. Use of Kellgren & Lawrence scores was reported in two studies, both of which reported a
score of at least two.

All studies were two-armed trials comparing Tai Chi with standard care. Sessions lasted for between
40 and 60 minutes (with the exception of one study

87
where 15 minutes of exercise were undertaken

within a 2 hour self-management session), for between six and 72 sessions, over periods ranging
from six to 24 weeks. Concomitant treatments comprised education and exercise, or were unclear.

Where specified, pain was measured using a VAS 0-100 scale in one study
88

and a WOMAC 5 point
Likert scale in one study

89
. WOMAC pain subscales were used in two studies

90 91
. Quality of life data

were reported in three studies (two used SF-36 domains
88 90

, and one used HAQ.
87

Adverse effects
were assessed in three studies.

88 89 91

5.2.4.2 Study Quality

The number of participants randomised was clearly stated in all studies and all studies used
appropriate methods for randomisation, though only two studies reported using appropriate methods
for concealing treatment allocation.

88 89
Eligibility criteria were adequately described in all five trials,

and group baseline characteristics appeared comparable in three studies but were not comparable
88

or unclear
87

in single studies.
None of the studies were double-blind and none had either patient or treatment-giver blinding. In three
studies outcome assessors were blinded

89-91
, but it was unclear in one study

88
and outcome

assessors were not blinded in another.
87

Only two studies reported use of a power calculation for sample sizes
87 91

, four studies reported data
for the intention-to-treat population

87 88 90 91
and all studies reported losses to follow up. Only two

studies achieved full follow up for at least 90% of participants.
88 90

When the overall study quality ratings were derived, three studies were rated as being of poor
quality

87-89
and two of satisfactory quality.

90 91
Full details of study quality are reported in Appendix

10.2.

5.2.4.3 Results of effectiveness

Pain

Four of the five trials provided data suitable for analysis;
87 89-91

the study which failed to provide these
data

88
was of poor quality. One study was the largest trial of Tai Chi, but the intervention was

somewhat different from that studied in the other trials as it involved 15 minutes of Tai Chi as part of a
two hour self-management session, with only six sessions over six weeks given.

87
Meta-analysis

including this study showed a significant reduction in pain with Tai Chi (figure 13). During the analyses
it was found that the poor quality study by Ni et al (2010)

89
had been retracted by its publishing

journal; doubts exist about whether the trial actually took place. Meta-analysis of the two satisfactory
quality studies indicated no significant improvement in pain with Tai Chi, when compared with
standard care (Figure 14).
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Figure 13: Pain (at end of treatment): Tai Chi versus standard care (all studies).

Figure 14: Pain (at end of treatment): Tai Chi versus standard care (satisfactory quality
studies).

Disability (WOMAC index)

Two studies provided overall WOMAC scores at the end of treatment suitable for analysis.
90 91

When
results from these studies were pooled there was no significant difference between Tai Chi and
standard care (figure 15).

Figure 15: WOMAC Index (at end of treatment): Tai Chi versus standard care (both satisfactory
quality studies).

Adverse effects

Two studies assessed adverse effects. In one study there were sporadic complaints of minor muscle
soreness, foot and knee pain in the Tai Chi group. In the third study an increase in knee pain was
reported by a single patient in the Tai Chi group but this was resolved.

5.2.4.4 Summary of effectiveness of Tai Chi

There was no evidence of satisfactory quality to suggest Tai Chi was more effective than standard
care in reducing knee OA pain.

Study or Subgroup

Brismee 2007

Lee 2009

Ni 2010

Yip 2007

Total (95% CI)

Heterogeneity: Chi² = 0.13, df = 2 (P = 0.94); I² = 0%

Test for overall effect: Z = 2.41 (P = 0.02)

Mean

14.36

4.6

4.86

37.33

SD

7.11

4

0.37

21.06

Total

22

29

14

88

139

Mean

15.55

5.9

6.13

44.41

SD

4.34

3.7

0.96

23.23

Total

19

15

15

94

128

Weight

15.7%

15.1%

0.0%

69.3%

100.0%

IV, Fixed, 95% CI

-0.19 [-0.81, 0.42]

-0.33 [-0.95, 0.30]

-1.67 [-2.54, -0.81]

-0.32 [-0.61, -0.02]

-0.30 [-0.54, -0.06]

Tai Chi Standard Care Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Tai Chi Favours standard care

Study or Subgroup

Brismee 2007

Lee 2009

Total (95% CI)

Heterogeneity: Chi² = 0.09, df = 1 (P = 0.77); I² = 0%

Test for overall effect: Z = 1.16 (P = 0.25)

Mean

14.36

4.6

SD

7.11

4

Total

22

29

51

Mean

15.55

5.9

SD

4.34

3.7

Total

19

15

34

Weight

51.0%

49.0%

100.0%

IV, Fixed, 95% CI

-0.19 [-0.81, 0.42]

-0.33 [-0.95, 0.30]

-0.26 [-0.70, 0.18]

Tai Chi Standard Care Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Tai Chi Favours standard care

Study or Subgroup

Brismee 2007

Lee 2009

Total (95% CI)

Heterogeneity: Chi² = 0.47, df = 1 (P = 0.49); I² = 0%

Test for overall effect: Z = 1.07 (P = 0.29)

Mean

55.18

20.8

SD

24.2

18.7

Total

22

29

51

Mean

57.1

28.5

SD

16.95

19.6

Total

19

15

34

Weight

51.2%

48.8%

100.0%

IV, Fixed, 95% CI

-0.09 [-0.70, 0.53]

-0.40 [-1.03, 0.23]

-0.24 [-0.68, 0.20]

Tai Chi Standard Care Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Tai Chi Favours standard care
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Table 7: Tai Chi trials: study details
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Brismee 2007
91

Tai Chi(2)
Standard
care(3)

41
Y

USA 83 70 73 28 Clinical NR Satisfactory 40 minutes 36 (18
classes
and 18
home

sessions)

12 WOMAC pain subscale
VAS 0-100 (reported as 7

to 35)
VAS 0-10

Yes (scale 26-130)

Wang 2009
88

Tai Chi
Standard care

40
N*

USA 75 65 NR 30 Clinical and
Radiological

2 or
higher

Poor 60 minutes 24 12 WOMAC pain subscale
VAS 0-100

VAS 0-10

All 3 individual WOMAC
subs scores reported

Lee 2009
90

Tai Chi(2)
Standard
care(2)

44
Y

Korea 93 69 61 26 Clinical and
Radiological

2 or
higher

Satisfactory 60 minutes 16 8 WOMAC used but
reported as 26-130

Yes (scale 26-130)

All 3 individual WOMAC
subs scores reported

Ni 2010
89

RETRACTED
STUDY

Tai Chi(2)
Standard
care(3)

29
Y

China 100 63 66 27 Clinical NR Poor 40 minutes 72 24 WOMAC pain Likert 5 Yes

Yip 2007
87

Tai Chi
Standard care

182
Y

Hong
Kong

84 65 NR NR Clinical NR Poor 15 minutes
(within a 2
hour self-

management
session)

6 6 VAS 0-100 No

* No Means
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5.2.5 Weight loss (dieting)

5.2.5.1 Study characteristics

Four trials studied weight loss interventions (see Table 8), with a total of 781 participant pain scores
analysed at the end of treatment (range 74 to 389). All were full papers published in English between
2004 and 2009. Two studies were conducted in the United States.

All studies recruited overweight or obese participants. The mean ages of participants ranged from 61
to 70 years, and the proportion of females ranged from 26 to 89%. Mean/median BMIs ranged from
33 to 36 kg/m

2
, and mean/median weight from 93 to 98kg. The methods used for diagnosis were

clinical and radiological in two studies, and clinical alone in two studies. Three studies reported using
Kellgren & Lawrence scores, which varied considerably by study.

All four trials compared weight loss using dieting with standard care; one three-armed trial
82

also
studied an aerobic exercise intervention. The duration of dieting periods ranged from eight to 104
weeks. The differences in weight loss between dieting and standard care groups ranged between 3.5
and 8 kg.

Usual concomitant treatments, as required, were allowed in one study
92

; one study
93

had two
standard care arms, with one group receiving home exercise and the other educational leaflets;
education was also given to both groups in one study

94
and just to the standard care group in

another.
82

Pain was measured using a WOMAC Likert scale in three studies and a WOMAC VAS (0-100 scale)
in one study. Two studies reported overall WOMAC scores, with the remaining two studies not
reporting an overall assessment of disability. One study

82
reported adverse effect details.

5.2.5.2 Study Quality

The number of participants randomised was clearly stated in all but four studies, but only two
82 93

clearly reported using appropriate randomisation and treatment allocation concealment methods.
Eligibility criteria were adequately described in all four trials, and all trials also had comparable group
baseline characteristics. One study

82
reported blinding outcome assessors.

Only one study
94

failed to report using a power calculation for sample sizes, but only two studies
82 93

clearly reported using data for the intention-to-treat population. However, all studies reported whether
there were any losses to follow up, but none achieved full follow up for at least 90% of participants.

When the overall study quality ratings were derived two studies were rated as being of poor quality,
and two were rated as being of satisfactory quality.

82 93
Full details of study quality are reported in

Appendix 10.2.

5.2.5.3 Results of effectiveness

Pain

One poor quality trial did not provide final value mean data and could not be included in the standard
or NMA.

92
This trial had used the shortest treatment duration (only eight weeks) but it was the only

one to report the percentage of patients who had lost 10% of body weight: its findings suggested
significant benefit from weight loss, compared to standard care.

The pooled result from the three trials that provided final value mean data
82 93 94

found no effect of
weight loss on pain, when compared to standard care (Figure 16). However this analysis was subject
to considerable statistical heterogeneity (I

2
=79%) and probable clinical heterogeneity given that the

weight loss intervention varied or was unclear across the three trials. The Miller (2006) trial, which
reported the greatest treatment effect, whilst being the only poor quality trial, did report the largest
weight loss (8 kg - see table 8).
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Figure 16: Pain (at end of treatment): Weight loss (dieting) versus standard care.

The comparison of weight loss with aerobic exercise from a single trial
82

found no significant
difference in pain relief (SMD 0.18, 95% CI -0.13 to 0.48).

Disability (WOMAC index)

One poor quality study provided overall WOMAC scores at the end of treatment suitable for meta-
analysis.

94
The result indicated a significant benefit favouring weight loss over standard care (SMD -

0.78, 95% CI -1.25 to -0.30).

Adverse effects

The only study to assess adverse events reported no events occurring for the weight loss group.
82

5.2.5.4 Summary of effectiveness of weight loss

There was no evidence of satisfactory quality to suggest weight loss was more effective than standard
care in reducing knee OA pain.

Study or Subgroup

Jenkinson 2009

Messier 2004

Miller 2006

Total (95% CI)

Heterogeneity: Chi² = 9.75, df = 2 (P = 0.008); I² = 79%

Test for overall effect: Z = 0.79 (P = 0.43)

Mean

6.69

5.51

4.1

SD

4.25

4.07

2.5

Total

231

82

39

352

Mean

6.34

6.02

6.1

SD

4.08

3.97

2.96

Total

158

78

35

271

Weight

62.1%

26.4%

11.4%

100.0%

IV, Fixed, 95% CI

0.08 [-0.12, 0.29]

-0.13 [-0.44, 0.18]

-0.73 [-1.20, -0.25]

-0.06 [-0.22, 0.10]

Weight loss Standard care Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours weight loss Favours standard care
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Table 8: Weight loss trials: study details
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Christensen
2005

92

Weight loss
Standard care

78
N**

Denmark 89 63 97 36 Clinical
and

radiological

2 or 3 Poor 8 6.6 (95%CI 5.3 to
7.9, p<0.0001)
Percentage of

patients
achieving 10%

body weight loss
was 50% in
Weight Loss

group and 0% in
Standard Care

group

Cut off used
10%

WOMAC
pain

subscale
VAS 0-100

Overall WOMAC
score reported

Jenkinson
2009 93

Weight loss
(2 & 3)

Standard care(3)

389
Y

UK 66 61 Median
93

Median
33

Clinical 4 or
lower

41% had
a K&L

score of
0

Satisfactory 104 NR/unclear Cut off used
Dietary interventions

aimed for a weight loss
of 0.5-1.0kg per week.

Weight loss not
reported.

WOMAC
pain Likert 5

No

Messier 2004
82

Weight loss(2)
Aerobic

exercise(2)
Standard care(3)

240
Y

USA 72 69 94 34 Clinical
and

radiological

3 or
lower

Satisfactory 78 Mean weight loss
by group: Weight

loss group
4.61kg, exercise
group 3.46 kg,
standard care
group 1.1kg.

Cut off used. Average
weight loss goal was

5%

WOMAC
pain Likert 5

Individual
WOMAC subs

scores reported
Pain, physical

function

Miller 2006
94

Weight loss(3)
Standard care(3)

74
Y

USA 26 70 (all
>/=
60)

98 35 Clinical NR/
Unclear

Poor 26 8 kg Cut off used
10% weight loss was
goal for intervention

group.

WOMAC
pain Likert 5

Overall WOMAC
score reported
WOMAC sub

scores
Pain, stiffness
and function

** Only change from baseline scores reported
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5.2.6 Balneotherapy

5.2.6.1 Study characteristics

Fourteen trials studied balneotherapy interventions (see Table 9) with a total of 1,008 participant pain
scores analysed at the end of treatment (range 20 to 309); all were full published papers reported in
English, between 1995 and 2010. Five of the studies were conducted in Israel.

All studies recruited a general population with the exception of two that studied patients with both
knees affected.

95 96
The mean ages of participants ranged from 54 to 70 years, and the proportion of

females ranged from 47 to 100%. Mean BMI (26 to 32 kg/m
2
) was reported in three studies and in

another 61% of the study had a BMI > 24. Mean weight (71 to 77 kg) was reported in three studies.
The methods used for diagnosis were clinical and radiological in 10 studies and clinical in four
studies. Seven studies reported using Kellgren & Lawrence scores (patients with a broad range of
scores were recruited) and one the Lequesne index of severity.

97

One study was a four armed trial which compared three groups for balneotherapy (Dead Sea; Sulphur
pools; and a combination of both) with placebo.

97
One study was a three-armed trial which compared

balneotherapy with either heat treatment or standard care.
98

The remaining studies were two armed
trials comparing balneotherapy with either placebo or standard care. One study included regular
exercise for both groups

95
and another a home exercise programme.

99
Sessions lasted between 20

and 65 minutes. The total number of sessions varied from 6 to 30, over periods ranging from 10 days
to 6 weeks.

Pain was measured using a variety of scales; two studies measured WOMAC pain (using a Likert
scale) and five used the WOMAC pain subscales. Two studies reported overall WOMAC scores, four
reported individual WOMAC sub-scores and two Lequesne Index scores. Six studies reported quality
of life outcomes and five reported adverse effects.

5.2.6.2 Study Quality

The number of participants randomised was clearly stated in all but two studies,
100 101

but six clearly
reported using appropriate randomisation methods,

96 99-103
and only four studies

95 99 102 104
reported

suitable methods for concealing treatment allocation.

Eligibility criteria were adequately described in 11 trials and group baseline characteristics appeared
comparable in eight and nine studies reported blinding outcome assessors. Only two studies reported
using a power calculation for sample sizes

99 105
and five studies clearly reported using data for the

intention-to-treat population.
96 98 102-104

However, all studies bar three
104 106 107

reported whether there
were any losses to follow up. Eight studies achieved full follow up for at least 90% of participants.

When the overall study quality ratings were derived 12 studies were rated as being of poor quality and
two of satisfactory quality

96 102
. Full details of study quality are reported in Appendix 10.2.

5.2.6.3 Results of effectiveness

Pain

The six trials that did not provide final value data for analysis
98 100 102 103 105 108

were generally similar to
those that did, except most were comparisons with standard care and included the only direct
comparison of balneotherapy with heat treatment.

98
. They reported positive effects for balneotherapy

compared with standard care or placebo.

Seven poor quality studies provided data suitable for meta-analysis of balneotherapy versus placebo
(Figure 17). The pooled result indicates that balneotherapy was associated with a non-significant
reduction in end of treatment pain compared with placebo, but there was significant heterogeneity
between the studies (I

2
=69%). The one study that significantly favoured balneotherapy over placebo

95

included regular exercise for both treatments arms.
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Figure 17: Pain (at end of treatment): balneotherapy versus placebo (all studies).

All studies ineligible for meta-analysis failed to present end of treatment means (see table), and
reported positive effects for balneotherapy compared with standard care or placebo.

One study comparing balneotherapy with standard care, provided data suitable for meta-analysis,
with balneotherapy appearing to offer more benefit (SMD -1.01, 95% CI -1.48 to -0.54).

96

Disability (WOMAC index)

Two studies provided overall WOMAC scores at the end of treatment suitable for meta-analysis.
95 99

The results were heterogeneous; in one study placebo appeared more effective (SMD 2.25, 95% CI
1.54 to 2.95)

95
and in the other balneotherapy was more effective (SMD -0.58, 95% CI -1.14 to -0.02).

Adverse effects

Of the eight studies that assessed adverse effects, three stated that no adverse effects were reported,
with the remainder reporting limited specific details or increased pain, itching or increased dieresis.

5.2.6.4 Summary of effectiveness of balneotherapy

The result of the meta-analysis, which included only poor quality trials showed a non-significant
benefit of balneotherapy. Both satisfactory quality trials found a significant benefit of balneotherapy:
one compared with placebo and one with standard care.

Study or Subgroup

Balint 2007

Flusser 2002

Mahoob 2009

Sherman 2009

Sukenik 1999

Wigler 1995

Yurtkuran 2006

Total (95% CI)

Heterogeneity: Tau² = 0.22; Chi² = 19.66, df = 6 (P = 0.003); I² = 69%

Test for overall effect: Z = 1.88 (P = 0.06)

Mean

7.22

55.3

19.8

22.19

5.14

5.85

8.3

SD

1.12

19.5

10.64

11.54

1.42

0.5

4.13

Total

27

40

25

24

27

21

27

191

Mean

8.6

62.8

25.24

21.46

6.2

5.6

9.74

SD

0.76

22

10.64

8.97

1.2

0.5

4.41

Total

25

18

25

20

9

12

25

134

Weight

14.4%

15.2%

15.1%

14.7%

12.2%

12.9%

15.4%

100.0%

IV, Random, 95% CI

-1.41 [-2.02, -0.80]

-0.36 [-0.93, 0.20]

-0.50 [-1.07, 0.06]

0.07 [-0.53, 0.66]

-0.76 [-1.53, 0.02]

0.49 [-0.23, 1.21]

-0.33 [-0.88, 0.22]

-0.41 [-0.83, 0.02]

Balneotherapy Placebo Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-4 -2 0 2 4
Favours Balneotherapy Favours Placebo
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Table 9: Balneotherapy trials: Study details
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Balint 2007
95

Bal(3)
Placebo (3)

52
Y

Hungary 63 Range
50 to 75

NR NR Clinical NR Poor 30 20 4 36 degrees C Bathing mineral
water

WOMAC
Pain

subscale

Yes

Cantarini
2007

98

Bal
Heat

treatment,
standard

care

74
N*

Italy 63 64 71 NR Clinical and
radiological

3 or lower Poor 35 15 3 Water 38 degrees
C, mud packs 45

degrees C

Bathing mineral
water and mud

packs

Pain VAS
0-100.

No

Fioravanti
2010

96

Bal(2)
Standard
care(2)

80
Y

Italy 75 70 NR 26 Clinical and
radiological

3 or lower Satisfactory 35 12 2 Mud packs (45
degrees) and

mineral bath (38
degrees).

Bathing mineral
water and mud

packs

WOMAC
pain

subscale
VAS 0-100

No

Flusser
2002

107

Bal(2)
Placebo (2)

58
Y

Israel 85 65 76 NR Clinical and
radiological

2 or 3 Poor 20 15 3 30 to 35 degrees
C

Mud packs Pain VAS
0-10

Lequesne
Index

Forestier
2010

105

Bal
Standard

care

309
N*

France 47 64 NR 30 Clinical and
radiological

1 or higher Poor 65 18 3 Mineral hydrojet
(37 degrees),
massages by

physiotherapist
(38 degrees),

mineral matured
mud (45 degrees),

and collective
mineral water pool

(32 degrees).

Bathing mineral
water and mud

packs

WOMAC
pain

subscale
VAS 0-100

Other Pain
VAS 0-100

WOMAC
Function

Karagulle
2007

102

Bal
Standard

care

20
N*

Turkey 85 60 NR NR Clinical and
radiological

2 or higher Satisfactory 30 20 10 days 38+-1 degrees
Celsius

Bathing mineral
water

Pain VAS
0-10

Lequesne
Algofunctional

Index

Kovacs
2002

100

Bal
Placebo

68
N*

Hungary 58 to
78*

NR NR NR Clinical and
radiological

Not
reported/
Unclear

Poor 30 15 15 days 36 degrees
Celsius

Bathing mineral
water

Pain VAS No

Mahoob
2009

104

Bal(2)
Placebo (2)

50
Y

Iran 100 Range
44 to 79

NR NR Clinical NR Poor 20 30 30 days NR 50 g of mud gel WOMAC
pain

subscale
VAS

Individual
WOMAC subs
scores for pain,

function and
stiffness
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Nguyen
1997

103

Bal
Standard

care

64
N*

France 81 NR NR 61%
had
BMI
> 24

Clinical NR Poor Un-
clear

Un-
clear

3 NR Bathing mineral
water

Pain VAS
0-100

No

Sherman
2009

101

Bal(2)
Placebo (2)

44
Y

Israel 80 67 NR NR Clinical and
radiological

1 or higher Poor 20 12 6 35-36 degrees Bathing mineral
water

WOMAC
pain

subscale
VAS 0-10

Pain VAS
0-100

Individual
WOMAC subs
scores for pain,

function and
stiffness

Sukenik
1999

97

Bal(2)
Placebo(2)

36
Y

Israel 89 63 NR NR Clinical and
radiological

Lequesne
index of
severity

Poor 20 14 2 Dead sea Sulphur
pools 37 degrees;

Sweet water
control 24-25 deg

Bathing mineral
water

VAS 0-10 No

Tishler
2004

108

Bal
Standard

care

68
N*

Israel 78 64 NR NR Clinical NR Poor 30 6 6 37 degrees Bathing mineral
water

WOMAC
pain Likert

5

Other Pain
VAS

(specify)
VAS 0-100

WOMAC subs
scores

reported for
pain, function
and stiffness

Wigler
1995

106

Bal(2)
Placebo(2)

33
Y

Israel 88 Mean 65 NR NR Clinical and
radiological

NR Poor 40 7 2 Water 38 degrees,
mud pack 45

degrees

Bathing mineral
water and mud

packs

Pain VAS
0-10

No

Yurtkuran
2006

99

Bal(5)
Placebo (5)

52
Y

Turkey 97 54 77 32 Clinical and
radiological

2 or 3 Poor 20 10 2 37 degrees Bathing mineral
water

WOMAC
pain Likert

5
Pain VAS

0-100

Yes

* No Means Bal: Balneotherapy
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5.2.7 Insoles

5.2.7.1 Study characteristics

Six trials studied insoles (see Table 10) with a total of 669 participant pain scores analysed at the end
of treatment (range 30 to 172). All were full papers published in English between 2001 and 2009. Two
studies were conducted in the United States.
Four studies recruited a general knee OA population and two

109 110
recruited only patients with knee

malalignment. The mean ages of participants ranged from 58 to 68 years, and the proportion of
females ranged from 54 to 100%. Mean BMIs ranged from 25 to 33 kg/m

2
(mean weight was only

reported in one study).

The methods used for diagnosis were clinical and radiological in four studies, radiological alone in one
study, and clinical or radiological in one study. All studies reported using Kellgren & Lawrence scores,
with four recruiting patients with scores of 2 or more, one 1 or more,

111
and one 4 or lower.

112

All trials compared insoles with placebo. Where stated, the time participants spent wearing insoles
ranged from three hours per day, to all day; and most studies stated insoles should be worn every day
of the study duration (which ranged from 6 weeks to two years). Two trials used ankle support as well
as insoles.

110 112

Usual concomitant treatments or trial analgesics, as required, were allowed in five studies (details
were unclear in one study) and one study

113
also allowed use of analgesic or corticosteroid injections.

Pain was measured using a WOMAC VAS (0-100 scale) in four studies, with other types of VAS pain
scales used in the remaining two trials. Two studies reported overall WOMAC data with the remaining
two studies not reporting an overall assessment of disability (although one reported Individual
WOMAC subs scores). Two studies assessed adverse effects.

110 111

5.2.7.2 Study Quality

One study
111

had a crossover design. The number of participants randomised was clearly stated in all
studies, with four clearly reporting use of appropriate randomisation procedures, two

109 112
of which

also used appropriate allocation concealment methods. All studies had adequately described eligibility
criteria, and comparable group baseline characteristics. One study

111
was reported as being double-

blind, and two
110 112

reported blinding outcome assessors.

Although three studies reported using a power calculation for sample sizes, five studies reported
using data for the intention-to-treat population. All studies reported whether there were any losses to
follow up, and five studies achieved full follow up for at least 90% of participants.

When the overall study quality ratings were derived one study was rated as good quality, four were
rated as satisfactory, and one rated as poor. Full details of study quality are reported in Appendix
10.2.

5.2.7.3 Results of effectiveness

Pain

Three trials did not provide final value mean data for analysis.
111 112 114

They comprised three of the
four biggest trials of insoles but otherwise were generally similar to the trials that could be included in
the analysis.

109 110 113

The result from pooling the three studies (Figure 18) (all of satisfactory or good quality) comparing
insoles with placebo was subject to significant heterogeneity, which appears to be due to one very
small study that also included ankle supports as part of the intervention

110
: this study showed a

significant effect of insoles in reducing pain (SMD -0.84 (95% CI -1.59, -0.09). Removal of this study
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resulted in the I
2

value falling to 0% and the pooled estimate of effect was an SMD of 0.24 (95% CI -
0.02 to 0.51), i.e. no effect of insoles.

Figure 18: Pain (at end of treatment): insoles versus placebo.

Three studies could not be included in the meta-analysis: one did not report means, and two reported
only differences from baseline, with none reporting that insoles had significant benefit when compared
directly to placebo, or standard care.

Disability (WOMAC index)

One good quality study provided overall WOMAC scores at the end of treatment suitable for meta-
analysis.

110
No significant difference was found between insoles (with ankle supports) and placebo

(SMD -0.45, 95% CI -1.18 to 0.28).

Adverse effects

Of the two studies assessing adverse effects, one reported that none occurred, and one reported
occasional blistering of the toes.

5.2.7.4 Summary of effectiveness of insoles

Evidence of satisfactory quality suggested that the use of insoles did not significantly reduce knee OA
pain. However, one good quality trial of insoles with ankle support indicated a significant benefit.

Study or Subgroup

Barrios 2009

Maillefert 2001

Rodrigues 2008

Total (95% CI)

Heterogeneity: Chi² = 7.26, df = 2 (P = 0.03); I² = 72%

Test for overall effect: Z = 0.96 (P = 0.34)

Mean

32.7

54.1

4.2

SD

16.47

19

2.4

Total

35

82

16

133

Mean

30.2

48.9

6.4

SD

16.47

18

2.7

Total

31

74

14

119

Weight

26.6%

62.4%

11.0%

100.0%

IV, Fixed, 95% CI

0.15 [-0.33, 0.63]

0.28 [-0.04, 0.60]

-0.84 [-1.59, -0.09]

0.12 [-0.13, 0.37]

Insoles Placebo Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Insoles Favours placebo
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Table 10: Insoles trials: study details
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Baker 2007
111

Insoles
Placebo

172
N*

USA 59 68 NR 33 Clinical or
radiological

1 or higher Poor approximately
420 minutes

(7 hours)

Unclear/not
stated

6 weeks
phase 1: 6

weeks,
phase 2: 6
weeks and
wash out
period: 4
weeks.

No WOMAC
pain

subscale
VAS 0-100

No

Barrios 2009
109

Insoles(4)
Placebo(4)

66
Y

USA 56 62 NR 33 Clinical and
radiological

2 or higher Satisfactory Full day (wear
time was
gradually

increased over
3-4 days).

7 1 year No WOMAC
pain

subscale
VAS 0-100

All 3
individual
WOMAC

subs scores
reported

Maillefert
2001

113

Insoles(4)
Placebo(4)

156
Y

France 74 65 NR 29 Clinical and
radiological

2 or higher Satisfactory Unclear/not
stated
wear

permanently

Unclear/not
stated
wear

permanently

Unclear/not
stated

up to 24
months

No WOMAC
pain

subscale
VAS 0-100

No

Nigg 2006
114

Insoles
Placebo

123
N**

Canada 54 58 85 30 Clinical and
radiological

2 or higher Satisfactory As much as
possible

7 12 weeks No WOMAC
pain

subscale
VAS 0-100

Yes

Rodrigues
2008

110

Insoles(2)
Placebo(2)

30
Y

Brazil 100 62 NR 30 Clinical and
radiological

2 or higher Good 180 to 360
minutes

7 8 weeks Yes Other Pain
VAS 0-10
night, rest
and move

Yes

Toda 2008
112

Insoles
Placebo

122
N**

Japan 88 64 NR 25 Radiological 4 or lower Satisfactory 300 to 600
minutes

7 12 weeks Sock-
type
ankle

support

Other Pain
VAS 0-
100%

No

* No Means, ** Only change from baseline scores reported
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5.2.8 Static magnets

5.2.8.1 Study characteristics

Three trials assessed static magnets (see Table 11) with a total of 131 participant pain scores
analysed at the end of treatment; all were full published papers in English between 2002 and 2008.
Two of the studies were conducted in the United States and the other in Taiwan.

All participants were derived from a general knee OA population and their mean age ranged from 63
to 65 years, and the proportion of females ranged from 60 to 79%. The mean BMI was 27 in one
study and the median 30 in a second study; mean weight was reported in one study (64 kg). The
methods used for diagnosis were clinical in one study and clinical and radiological in two studies.
Kellgren & Lawrence scores were reported in one study (a score of at least one was required) and
another study used the Ahlbäck classification (grade I).

All studies compared static magnets with placebo. The strength of magnetic field (Gauss or Tesla)
was 35mT (as measured with a Lakeshore 430 gauss meter),

115
1.08 T,

116
or 40-850 Gauss.

117
In

one study
115

magnets were worn during waking hours and in another study they were worn for at least
6 hours a day.

117
In the third study

116
the duration was not specified but was noted by the patients.

The duration of treatment periods ranged from 2 weeks to 12 weeks. Usual (or trial-specific)
concomitant treatments, as required, were allowed in two studies. One study required at least one of
the study arms to take specified doses of analgesics.

117

Pain was measured using the HAQ 0-100 pain scale in one study,
115

WOMAC VAS 0-10 pain
subscale in one study

116
and both the WOMAC VAS 0-100 pain subscale and another Pain VAS 0-

100 in the final study.
117

Quality of life data were reported in one study which used HAQ.
115

Adverse
effects were assessed in two studies.

115 117

5.2.8.2 Study Quality

Two studies
115 117

clearly stated the number of participants randomised and used appropriate methods
for randomisation, but this was not clear or not stated in the other study

118
. All studies reported using

appropriate methods for concealing treatment allocation and use of an appropriate placebo. Eligibility
criteria were adequately described in all trials. Group baseline characteristics appeared comparable in
one study

115
but were unclear

116
or not comparable

117
in the other studies. One study reported use of

a power calculation for sample sizes
115

, one study reported data for the intention-to-treat population
117

and all studies reported losses to follow up. Two studies achieved full follow up for at least 90% of
participants.

116 117

When the overall study quality ratings were derived all three studies were rated as being of poor
quality. Full details of study quality are reported in Appendix 10.2.

5.2.8.3 Results of effectiveness

Pain

A single poor quality study provided final values mean data for analysis.
116

This trial was poorly
reported and the duration of treatment was only 2 weeks, compared with 6 and 12 weeks in the other
two trials. Its findings indicated a beneficial effect of static magnets over placebo (SMD -0.82, 95% CI
-1.46 to -0.19).The other trials results were less favourable: in one study pain scales improved
significantly in both groups and in the other efficacy did not significantly differ between the groups.

Disability (WOMAC index)

No studies provided overall WOMAC scores at the end of treatment suitable for meta-analysis.
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Adverse effects

Two studies assessed adverse effects, with skin irritation and muscle soreness reported in one study
and some patients reported mild discomfort from wearing the cotton/elastic knee sleeve in another
study.

5.2.8.4 Summary of effectiveness of static magnets

There was no evidence of satisfactory quality to suggest that static magnets significantly reduced
knee OA pain.
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Table 11: Static magnet trials: Study details
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Chen 2008
115

Static
magnets
Placebo

42
N*

Taiwan 79 65 64 27 Clinical and
Radiological

Ahlbäck
classification

(grade I)

Poor 35mT, as
measured with a
Lakeshore 430
gauss meter

Only during
waking hours

12 HAQ pain scale 0-100 No

Hinman
2002

116

Static
magnets
Placebo

43
Y(only one

study)

USA 60 63 NR NR Clinical NR Poor 1.08 T Not
specified***

2 WOMAC pain subscale
VAS 0-10

No

Wolsko
2004

117

Static
magnets
Placebo

46
N**

USA 69 63+ MR Median
30+

Clinical and
Radiological

1 or higher Poor 40-850 Gauss At least 6
hours a day

6 WOMAC pain subscale
VAS 0-100 and VAS 0-
100 with 5 scales (max

500)

No

* No Means, ** Only change from baseline scores reported.
*** Magnet group: 1.0 to 23.5 hours per day; mean number of hours a magnet was worn 116.33 (range 25-235)
Placebo group: 1 to 24 hours per day and the mean number of hours a magnet was worn 85.12 (range 6.5-213)
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5.2.9 Braces

5.2.9.1 Study characteristics

Two trials assessed braces with a total of 227 participant pain scores (see Table 12); both were full
published papers in English published in 1999 and 2006; studies were conducted in the Netherlands
and Canada.

All participants had varus or valgus/malalignment; this patient group differed from all other trials for
other interventions. Mean age ranged from 50 to 59 years, and the proportion of females ranged from
28 to 83%. Mean BMI was not reported in either study, but in one study

119
only patients with a BMI<35

were included and in the other study the mean weight was 59kg.
120

The methods used for diagnosis
were clinical and radiological in both studies. The Kellgren & Lawrence score was 2 or higher in one
study

119
whilst the other study used an Ahlbäck classification score of >0.

120
Both studies were two-

armed trials comparing braces with standard care.

In one study
119

braces were worn whilst awake or during troublesome activities for 7 days a week.
The duration of the treatment period ranged from 24 weeks to 12 months.

Pain was measured using a VAS 0-10 in one study
120

and through a WOMAC pain subscale VAS 0-
100 and Pain VAS 0-100 for 6-minute walking test in the other.

119
Quality of life data were reported in

both studies and comprised EQ5D
120

and the McMaster-Toronto Arthritis Patient Preference Disability
Questionnaire.

119
Adverse effects were assessed in one study.

120

5.2.9.2 Study Quality

Both studies clearly stated the number of participants randomised, used appropriate methods for
randomisation and concealing treatment allocation. Blinding was not applicable for these studies.
Eligibility criteria were adequately described in both trials. Group baseline characteristics were not
comparable in one study

120
or were unclear in the other study.

119
.Both studies reported use of a power

calculation for sample sizes, one study reported data for the intention-to-treat population
120

and both
studies reported losses to follow up. One study achieved full follow up for at least 90% of
participants.

119

When the overall study quality ratings were derived both studies were rated as being of poor quality.
Full details of study quality are reported in Appendix 10.2.

5.2.9.3 Results of effectiveness

Pain

One of the two studies provided data suitable for analysis, but this study only provided data for end of
treatment differences between treatment groups, so could only be included in the NMA analyses.

120

One of the studies reported a significant difference in pain compared with standard care and the other
a borderline significant improvement in pain severity.

Disability (WOMAC index)

No studies provided overall WOMAC scores at the end of treatment suitable for meta-analysis.

Adverse effects

One study assessed adverse effects, with skin irritation and ‘bad fit’ reported for those using braces.

5.2.9.4 Summary of effectiveness of braces

There was no evidence of satisfactory quality to suggest that braces significantly reduced knee OA
pain.
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Table 12: Braces trials: study details
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Brouwer
2006

120

Braces(2)
Standard
care(3)

117
Y

Netherla
nds

50 59 NR 29 Clinical
and

radiologica
l

Ahlbäck
score >0

Poor NR NR 12 months Other Pain VAS 0-
10

No

Kirkley
(1999)

119

Braces
Standard

care

110
N**

Canada 28 59 NR BMI<3
5 were

in-
cluded

Clinical
and

radiologica
l

2 or higher Poor Braces worn
during

troublesome
activities

7 days Assumed to be 24
weeks

WOMAC pain
subscale VAS 0-

100

VAS 0-100 for 6-
minute walking

test

Yes

** Only change from baseline scores reported
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5.2.10 TENS

5.2.10.1 Study characteristics

Seventeen trials studied TENS interventions (see Table 13) with a total of at least 730 participant pain
scores analysed at the end of treatment (range 12 to 116, sample sizes were sometimes not clearly
stated); all but one were full published papers reported in English, between 1981 and 2009; there was
one conference abstract.

121
Five of the studies were conducted in the USA with three each in

Australia and China.

All studies recruited a general population with the exception of one that used patients awaiting knee
surgery.

122
The mean/median ages of participants ranged from 56 to 85 years, and the proportion of

females ranged from 48 to 97%. Mean BMI (26 to 31 kg/m
2
) was reported in five studies as was mean

weight (57 to 88 kg).
The methods used for diagnosis were clinical and radiological in 12 studies, clinical in two studies,
radiological in one study and not reported in two. Five studies reported using Kellgren & Lawrence
scores, with four recruiting patients with scores of at least two.

Three studies were four armed trials: one compared TENS at either 2 Hz, 100 Hz, an alternating
frequency of 2 Hz and 100 Hz with placebo,

123
another compared three different durations of TENS

with placebo (20, 40 and 60 minutes),
124

and another compared TENS with acupuncture, ice/cooling
treatment and placebo.

37
Five studies were three-armed trials and nine studies two-armed trials.

Sessions lasted between 15 and 60 minutes. The total number of sessions varied from 1 to 63, over
periods ranging from one session to 9 weeks.
Usual (or trial-specific) concomitant treatments, as required, were allowed in eight studies and no
details were provided in eight studies. No medication was allowed in two studies.

125 126

Pain was measured using a variety of scales but only one measured WOMAC pain.
127

Two studies
reported overall WOMAC score

35 128
and two reported individual WOMAC sub-scores.

127 129
Two

studies reported quality of life outcomes
127 128

and five assessed adverse effects.
37 127-130

5.2.10.2 Study Quality

The number of participants randomised was clearly stated in all but one study,
123

but seven clearly
reported using appropriate randomisation methods, and five studies reported suitable methods for
concealing treatment allocation. Eligibility criteria were adequately described in 13 trials and group
baseline characteristics appeared comparable in seven. Five studies were reported as being double
blind and 10 reported blinding outcome assessors. Only four studies used a power calculation for
sample sizes

127-129 131
and two studies clearly reported using data for the intention-to-treat

population.
37 126

However, all studies bar three
36 121 132

reported whether there were any losses to
follow up. Nine studies achieved full follow up for at least 90% of participants.

When the overall study quality ratings were derived all studies were rated as being of poor quality.
Full details of study quality are reported in Appendix 10.2.

5.2.10.3 Results of effectiveness

Pain

Of the 17 TENS trials only 10 reported final value mean data suitable for analysis. The seven trials
that could not be included in the standard or NMA analyses

36 121-123 127 130 133
included a comparison

with inferential therapy that included Kellgren & Lawrence grade 1 OA
127

. They also included the
three trials that administered a high number of sessions to patients (56

127
and 63).

131 133
One trial

reported only differences between treatment groups, so was suitable for the NMA analyses, but not
the meta-analyses.

131
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The nine trials that did provide final value mean data included six comparisons with placebo
37 74 124 125

128 129
, three comparisons with acupuncture,

36 37 134
two comparisons with ice treatment

37 126
, one

comparison with heat treatment
132

, and one comparison with standard care.
35

When all six (poor quality) trials that compared TENS with placebo were pooled TENS was
associated a significant reduction in end of treatment pain compared with placebo (figure 19), but this
was subject to significant heterogeneity (I

2
=77%). When the two trials in which patients had received

only a single session of TENS were removed
125 129

heterogeneity increased to 86% and the pooled
SMD increased to -0.93 (95% CI: -1.88, 0.01). However, when one of these studies, whose estimate
of effect was much more favourable than the other trials, and in which the baseline groups were not
comparable.

124
was removed as a sensitivity analysis, the statistical heterogeneity fell to I

2
=0%, with

the treatment effect being reduced to -0.55 but remaining statistically significant (CI -0.82, -0.29)
(Figure 20).

Figure 19: Pain (at end of treatment): TENS versus placebo (all studies).

Figure 20: Pain (at end of treatment): TENS versus placebo (sensitivity analysis.

When the two (poor quality) trials that compared TENS with ice treatment were pooled TENS was
associated with a small, non-significant reduction in end of treatment pain compared with ice
treatment (Figure 21). There was no statistical heterogeneity despite one of the trials

126
having tested

only a single session of treatment.

Figure 21: Pain (at end of treatment): TENS versus ice treatment (all studies).

Study or Subgroup

Cheing 2002

Cheing 2003

Grimmer 1992

Kang 2007

Selfe 2008

Yurtkuran 1999

Total (95% CI)

Heterogeneity: Tau² = 0.34; Chi² = 21.44, df = 5 (P = 0.0007); I² = 77%

Test for overall effect: Z = 2.95 (P = 0.003)

Mean

42.2

1.52

1.85

3.2

13.67

0.2

SD

27

1.07

2.35

2.16

9.88

0.5

Total

16

30

40

35

18

25

164

Mean

50.4

4.59

3.5

4.9

16.16

0.5

SD

42.4

0.8

2.9

2.16

10.19

0.4

Total

16

8

20

28

19

25

116

Weight

16.3%

12.2%

18.2%

18.6%

16.9%

17.9%

100.0%

IV, Random, 95% CI

-0.22 [-0.92, 0.47]

-2.94 [-3.98, -1.89]

-0.64 [-1.19, -0.09]

-0.78 [-1.29, -0.26]

-0.24 [-0.89, 0.40]

-0.65 [-1.22, -0.08]

-0.81 [-1.35, -0.27]

TENS Placebo Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-4 -2 0 2 4
Favours TENS Favours placebo

Study or Subgroup

Cheing 2002

Grimmer 1992

Kang 2007

Selfe 2008

Yurtkuran 1999

Total (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 2.68, df = 4 (P = 0.61); I² = 0%

Test for overall effect: Z = 4.15 (P < 0.0001)

Mean

42.2

1.85

3.2

13.67

0.2

SD

27

2.35

2.16

9.88

0.5

Total

16

40

35

18

25

134

Mean

50.4

3.5

4.9

16.16

0.5

SD

42.4

2.9

2.16

10.19

0.4

Total

16

20

28

19

25

108

Weight

14.2%

22.7%

25.7%

16.4%

21.1%

100.0%

IV, Random, 95% CI

-0.22 [-0.92, 0.47]

-0.64 [-1.19, -0.09]

-0.78 [-1.29, -0.26]

-0.24 [-0.89, 0.40]

-0.65 [-1.22, -0.08]

-0.55 [-0.82, -0.29]

TENS Placebo Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-4 -2 0 2 4
Favours TENS Favours placebo

Study or Subgroup

Pietrosimo 2009

Yurtkuran 1999

Total (95% CI)

Heterogeneity: Chi² = 0.00, df = 1 (P = 0.96); I² = 0%

Test for overall effect: Z = 1.77 (P = 0.08)

Mean

8.5

0.2

SD

8.5

0.5

Total

10

25

35

Mean

13.5

0.4

SD

14.14

0.4

Total

11

25

36

Weight

29.5%

70.5%

100.0%

IV, Fixed, 95% CI

-0.41 [-1.27, 0.46]

-0.43 [-1.00, 0.13]

-0.43 [-0.90, 0.04]

TENS Ice treatment Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours TENS Favours Ice treatment
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No significant differences between acupuncture and TENS were found for end of treatment pain
(three poor quality studies, see Figure 6). A single small study compared TENS with standard care
and found that TENS did not appear to offer any improved benefit (SMD -1.29, 95% CI -2.58 to
0.01).

35
Of those studies ineligible for meta-analysis, two presented only change from baseline scores

and six did not present end of treatment means (see Table 13). All studies reported results favouring
TENS.

Disability (WOMAC index)

One very small study compared TENS with standard care, but did not find a significant difference
(SMD -1.08, 95% CI -2.32 to 0.17)

35
and another compared TENS with placebo and also did not find a

significant difference (SMD
-0.20, 95% CI -0.84 to 0.45).

128

Adverse effects

Of the five studies that assessed adverse effects, three stated that no adverse effects were reported,
whilst in one study a patient developed a mild skin reaction to the electrode jelly

130
and in another a

patient reported muscle soreness deemed probably to be related to the device.
127

5.2.10.4 Summary of effectiveness of TENS

There was no evidence of satisfactory quality to suggest that use of TENS significantly reduced knee
OA pain. Amongst poor quality studies TENS was associated a significant reduction in end of
treatment pain compared with placebo.
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Table 13: TENS trials: study details
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Alcidi 2007
132

TENS(2)
Heat

treatment(2)

40
Y

Italy 85 66 NR NR Clinical and
radiological

NR Poor 20 5 1 50 'Well
tolerated
tingling'

0.5 No Other Pain
VAS

1-100

No

Burch 2008
127

TENS
Interferential

therapy

116
N**

USA 72 62 86 31 Clinical and
radiological

1 or higher Poor 35 56 8 0.2 60 300 Unclear/
not

stated

WOMAC pain
Likert 5

All 3
individual
WOMAC

subs scores
reported

Cheing 2002
74

TENS(2)
MSE(2)

Placebo(2)

47
Y

China 89 63 67 28 Clinical and
radiological

2 or higher Poor 60 20 4 80 To achieve
a tingling
sensation

140 Yes Other Pain
VAS 0-100

No

Cheing 2003
124

TENS(2)
Placebo(2)

38
Y

China 89 66 66 NR Clinical and
radiological

2 or higher Poor 20 to 60 10 2 100 NR 200 Yes Other Pain
VAS 0-10

No

Grimmer
1992

125

TENS(1)
Placebo(1)

60
Y

Australia 62 67 NR NR Clinical and
radiological

NR Poor 30 1 1 session 80 NR NR Yes Other Pain
VAS

No

Itoh 2008
35

TENS(1)
Acupuncture(1

)
standard
care(2)

12
Y (only one

study)

Japan 66 62-83 NR NR Clinical and
radiological

2 or higher Poor 15 5 5 4 NR NR No Other Pain
VAS 0-100

Yes

Kang 2007
129

TENS(2)
Placebo(2)

63
Y

USA 71 57 NR NR Clinical and
radiological

NR Poor 30 1 1 session NR 16% at
start,

increased
to 23% at

15 minutes

NR No Other Pain
VAS 0-10

All 3
individual
WOMAC

subs scores
reported

Law 2004
123

TENS
Placebo

34
N*

Hong
Kong

97 83 57 26 Clinical and
radiological

2 or higher Poor 40 10 2 2, 100,
or

alternat
ing

2/100

25-35mA 2Hz:
576

100Hz:2
00

Yes Other Pain
VAS 0-100

No
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* No Means, ** Only change from baseline scores reported. ***Defined as any of the following two criteria being fulfilled (and no worsening in the remaining
criterion): 1) a ten point or 50% decrease in weekly pain score, 2) a 50% decrease in analgesic intake compared to baseline and 3) a 5-point improvement in the
weekly sleep disturbance score. MSE Muscle-strengthening exercise

Lewis 1988
121

TENS
Placebo

unknown
N*

Australia NR NR NR NR Unclear/not
stated

NR Poor NR NR 9 Unclea
r/

not
stated

Unclear/
not stated

Unclear/
not

stated

Unclear/
not

stated

McGill Pain
Questionnaire,

Pain Index

No

Lewis 1994
131

TENS(1)
Standard
care(4)

56
Y

Australia 58 66 NR NR Clinical and
radiological

NR Poor 30 to 60 63 3 70 Adjusted
until

comfortable

100
micro
secs

Spleen
9 and
10,

stomac
h 34

and 35

VAS 0-100 No

Lewis 1984
133

TENS
Placebo

30
N*

UK 73 Media
n 61

NR NR Unclear/not
stated

NR Poor 30-60 63 7 70 NR NR Yes VAS No

Ng 2003
36

TENS
Electro-

acupuncture
Standard care

14
N*

China 96 85 NR NR Clinical NR Poor 20 8 2 2 NR 200 Yes Numerical
Rating Scale

No

Pietrosimone
2009

126

TENS(1)
Ice/cooling

treatment(1)

No
intervention)1)

33
Y

USA 48 56 88 30 Radiological NR Poor 45 1 1 day 150 NR 150
micro
secs

No VAS No

Selfe 2008
128

TENS(2)
Placebo(2)

37
Y

USA 68 67 NR 31 Clinical and
radiological

NR Poor 20 to 30 17 8 NR NR NR Some-
times

WOMAC pain
VAS 0-10

Numeric Rating
Scale

Yes

Smith 1983
130

TENS
Placebo

30
N*

UK 67 68 NR NR Clinical NR Poor 20 8 4 32 to
50

Adjusted
until

comfortable

80 Yes Other
Significant pain

relief***

No

Taylor 1981
122

TENS
Placebo

20
N**

USA 90 72 NR NR Clinical and
radiological

NR Poor 30 NR 2 NR NR NR No Likert 5 No

Yurtkuran
1999

37

TENS(2)
Acupuncture(2

)
ice/cooling(2)

Placebo(2)

100
Y

Turkey 91 58 NR NR Clinical and
radiological

NR Poor 20 10 2 4 0.4-2.5
volts

1000 ms Yes Likert 5 No
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5.2.11 Pulsed electrical stimulation (PES)

5.2.11.1 Study characteristics

Six trials studied PES (see Table 14), with a total of over 210 participant pain scores analysed at the
end of treatment (range 18 to 71, sample sizes were sometimes not clearly stated); all were full
published papers with five published in English and one in Spanish

32
, predominantly between 2005

and 2008. Two studies were conducted in the United States.

All studies recruited a general population, with mean ages of participants (where stated) ranging from
55 to 66 years, and the proportion of females ranging from 46 to 100%. Mean BMI was reported in
only three studies (range 28 to 33 kg/m

2
), and mean weight in only one study. The methods used for

diagnosis were clinical and radiological in five studies, and radiological alone in one study. Three
studies were of patients with Kellgren & Lawrence scores of three or four, and one studied patients
with a score of ≤3. One study used Gupta criteria (grade II or III), and the remaining study did not 
report details on classification of severity.

Five trials compared PES with placebo (one trial
135

also had a standard care group, and one trial
135

also compared different doses of PES), and one trial compared PES with muscle-strengthening
exercise. Treatment was generally given for around 20 minutes, although two studies

136 137
treated

patients with sessions lasting six or more hours. The number of sessions used ranged from six to 39,
over periods ranging from two to 13 weeks. Current frequencies ranged from 35Hz to 27MHz. Usual
(or trial-specific) concomitant treatments, as required, were allowed in four studies

135-138
, and no

details were provided the two studies.
32 76

Pain was measured using a VAS 0-10 scale in three studies, a WOMAC VAS 0-100 scale in two
studies and a WOMAC VAS 0-10 point scale in one study; one study also measured pain using AIMS.
Only one study reported overall WOMAC scores, one reported individual WOMAC sub-scores, one
reported Lequesne scores and the remaining studies did not report on overall assessment of
disability. Adverse effects were monitored in only two studies

136 137
and no studies reported quality of

life data.

5.2.11.2 Study Quality

The number of participants randomised was clearly stated in all studies, but only one
137

clearly
reported using appropriate randomisation, and only two studies

135 137
reported suitable methods for

concealing treatment allocation.
Eligibility criteria were adequately described in five trials, and group baseline characteristics appeared
comparable in four. Three studies clearly reported using an appropriate placebo treatment.

32 137 138

Although three studies
136-138

were described as being double-blind only two
32 137

clearly reported
blinding participants, one

137
reported blinding treatment-givers and three

135 137 138
reported blinding

outcome assessors. Only one study
138

reported use of a power calculation for sample sizes, and only
one study

76
reported data for the intention-to-treat population. However, all studies bar one

32
reported

whether there were any losses to follow up. Only half the studies achieved full follow up for at least
90% of participants.

When the overall study quality ratings were derived five studies were rated as being of poor quality,
and one

76
was rated as being of satisfactory quality. Full details of study quality are reported in

Appendix 10.2.

5.2.11.3 Results of effectiveness

Pain

Of the five trials comparing PES with placebo, three small, poor quality studies provided final value
mean data for analysis. Generally these trials were not different from the other trials except that the
number of sessions in one trial was low (6).

138
The pooled result indicating a small non-significant
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effect of PES over placebo at the end of treatment was not subject to statistical heterogeneity (figure
22).

Figure 22: Pain (at end of treatment): PES versus placebo.

In one study the comparator was muscle-strengthening exercise with PES appearing to offer more
benefit (SMD -1.19, 95% CI -1.80 to -0.59).

76

Disability (WOMAC index)

One study provided overall WOMAC scores at the end of treatment suitable for meta-analysis.
137

There was no significant difference between PES and placebo (SMD -0.28, 95% CI -0.83 to 0.27).

Adverse effects

Both studies assessing adverse events reported skin reactions at electrode sites in around a fifth of
participants (for all treatment groups).

5.2.11.4 Summary of effectiveness of PES

The result of the meta-analysis showed a non-significant benefit of PES compared with placebo.
However, the one satisfactory quality trial indicated that PES was more effective than MSE in
reducing knee OA pain.

Study or Subgroup

Callaghan 2005

Garland 2007

Miranda-Filloy 2005

Total (95% CI)

Heterogeneity: Chi² = 0.79, df = 2 (P = 0.67); I² = 0%

Test for overall effect: Z = 1.55 (P = 0.12)

Mean

5.25

37.4

26.6

SD

2.96

23.6

16.47

Total

14

39

9

62

Mean

6.3

41.8

38.7

SD

1.9

16.59

16.47

Total

7

19

9

35

Weight

21.3%

59.2%

19.4%

100.0%

IV, Fixed, 95% CI

-0.38 [-1.29, 0.54]

-0.20 [-0.75, 0.35]

-0.70 [-1.66, 0.26]

-0.34 [-0.76, 0.09]

PES Placebo Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours PES Favours placebo
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Table 14: Pulsed electrical stimulation (PES) trials: study details
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Callaghan
2005 138

PES(2)
Placebo

(2)

21
Y

UK 48 60 NR 28 Radiologic
al

3 or higher Poor 20 minutes 6 2 High frequency
group: 27MHz

Low frequency
group: 27MHz

VAS 0-10 and
pain subscale of

AIMS

No

Durmus 2007
76

PES(2)
MSE(2)

50
Y***

Turkey 100 55 NR 33 Clinical
and

radiological

3 or lower Satisfactory 20 minutes 20 4 50 Hz WOMAC pain
subscale VAS 0-

10

VAS 0-10

All 3
individual
WOMAC

subs scores
reported

Fukuda 2008
135

PES
Standard Care

Placebo

NR
N**

Brazil 100 61 67 NR Clinical
and

radiological

NR -
grade II or
III using
Gupta
criteria

Poor 38 minutes
(33 KJ dose)
19 minutes

(17 KJ dose,
and placebo)

39 (3 per
week for
3 months

(13
weeks)

13 33 KJ vs 17 KJ
(27.12 Hz with

a pulse
frequency of

145Hz)

Other Pain VAS
VAS (unclear
what scoring).

Other overall
score

Lequesne

Garland 2007
137

PES(2)
Placebo

(2)

58
Y

USA 66 66 NR 31 Clinical
and

radiological

3 or higher Poor 6 hours or
more

Unclear
(‘Each
day’)

13 100Hz WOMAC pain
subscale VAS 0-

100

Overall
WOMAC

score
reported

Miranda-Filloy
200532

PES(2)
Placebo

(2)

18(imputed)
Y

Spain 80 Older
than
40

years

NR NR Clinical
and

radiological

3 or higher Poor 20 minutes
24 8

35 Hz WOMAC pain
subscale VAS 0-

100
assumed as

scor approx 30
Other Pain VAS

VAS 0-100

No

Zizic 1995
136

PES
Placebo

71
N**

USA 46 NR NR NR Clinical
and

radiological

NR/
Unclear

Poor 6 to 10 hours
a day

Unclear/
NR

4 100Hz Other Pain VAS
VAS 0-10

No

** Only change from baseline scores reported *** Only one study of this comparison MSE =Muscle-strengthening exercise
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5.2.12 Pulsed electromagnetic fields (PEMF)

5.2.12.1 Study characteristics

Six trials studied PEMF (see Table 15); with a total of 521 participant pain scores analysed at the end
of treatment (range 40 to 176). Five were full published papers and one was a conference abstract.

139

All were published between 1994 and 2005 in English, except for one paper in German
27

. Two of the
six studies were conducted in the United States.

All studies recruited a general population (although the details were unclear for one study.
140

The
mean age of participants ranged from 60 to 69 years, and the proportion of females ranged from 28 to
80%. Mean BMI was only reported in two studies (range 27 to 29 kg/m

2
), and mean weight in only one

study. The methods used for diagnosis were clinical and radiological in three studies, radiological
alone in one study, and were unclear or not stated in two studies. Use of Kellgren & Lawrence scores
was reported in one study, with one study using Lequesne scores, and four studies not reporting
details on classification of severity.

All six studies were two-armed parallel trials comparing PEMF with placebo. Where stated, treatment
was given for between six and 120 minutes, for between eight and 30 sessions (except for one trial
that studied 147 sessions

141
), over periods ranging from nine days to six weeks (but most studies

gave PEMF for six weeks). Pulse frequencies varied from one to 50Hz. Usual concomitant treatments
(as required) were allowed in four studies

27 141-143
, with no other medication permitted in one study,

140

and no details provided in the study reported as a conference abstract.
139

Pain was measured using a VAS 0-10 scale in one study, a VAS 0-100 scale in two studies and a 5
point Likert scale in three studies. One study reported overall WOMAC scores, one reported individual
WOMAC sub-scores, one reported Knee Society Scores and the remaining studies did not report on
overall assessment of disability. Quality of life data were reported in two studies (one used EQ5D

141
,

and one used Activities of Daily Living).
143

Adverse effects were assessed in four studies.
27 141-143

5.2.12.2 Study Quality

The number of participants randomised was clearly stated in four studies, and four studies reported
using appropriate methods for concealing treatment allocation. However, only two studies reported
using appropriate methods for randomisation.

141 143

Eligibility criteria were adequately described in four trials, and group baseline characteristics appeared
comparable in half the studies. Four studies clearly reported using an appropriate placebo
treatment.

27 140 141 143
All studies were described as being double-blind, with five clearly stating that

both patients and outcome assessors were blinded; half the trials blinded the treatment-givers.

Only two studies reported use of a power calculation for sample sizes
141 142

and only one study
reported data for the intention-to-treat population.

141
However, all studies bar one

140
reported whether

there were any losses to follow up. Half the studies achieved full follow up for at least 90% of
participants.

When the overall study quality ratings were derived all six studies were rated as being of poor quality.
Full details of study quality are reported in Appendix 10.2.

5.2.12.3 Results of effectiveness

Pain

The four poor quality studies
27 139 140 142

that provided final values for analysis were similar to the two
that did not

141 142
except that one of the latter studied a very high number of sessions (147).

141
The

calculated pooled result (figure 23) was associated with considerable statistical heterogeneity, with no
indication that PEMF provides benefit in pain reduction when compared to placebo; the one study
suggesting benefit from PEMF had a small sample size and standard deviations that had to be
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imputed for the meta-analysis. One of the four studies reported only a treatment effect size, making it
suitable for NMA, but not for the pair wise meta-analysis.

140

Figure 23: Pain (at end of treatment): PEMF versus placebo.

Disability (WOMAC index)

No studies provided overall WOMAC scores at the end of treatment suitable for meta-analysis.

Adverse effects

Of the four studies assessing adverse effects, one reported that none occurred,
143

and the others
reported very few adverse events.

5.2.12.4 Summary of effectiveness of PEMF

There was no evidence of satisfactory quality to suggest that use of PEMF significantly reduced knee
OA pain.

Study or Subgroup

Fischer 2005

Perrot 1998

Thamsborg 2005

Total (95% CI)

Heterogeneity: Chi² = 13.07, df = 2 (P = 0.001); I² = 85%

Test for overall effect: Z = 0.18 (P = 0.86)

Mean

47.8

41.8

11.68

SD

18.08

21

3.11

Total

34

21

42

97

Mean

36.3

59.5

12.36

SD

18.93

21

4.23

Total

35

19

41

95

Weight

35.6%

19.7%

44.7%

100.0%

IV, Fixed, 95% CI

0.61 [0.13, 1.10]

-0.83 [-1.48, -0.18]

-0.18 [-0.61, 0.25]

-0.03 [-0.31, 0.26]

PEMF Placebo Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours PEMF Favours placebo
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Table 15: Pulsed electromagnetic fields (PEMF) trials: study details
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Fischer 2005
27

PEMF(2)
Placebo(2)

69
Y

Slovenia 72 60 NR 29.3 Radiological NR/Unclear Poor 16 30 6 Unclear/not
stated
Low

frequency

Varied
between 3.4

and 13.6
µTesla

VAS
0-100

and Likert
5

No
(knee

society
score)

Jacobson 2001
140

PEMF(1)
Placebo(1)

176
Y

USA NR NR NR NR Unclear/not
stated

NR/Unclear Poor 6 8 2 0.976 to 7.7
Hz

2.74*10-7 to
3.4*10-8
Gauss

Scale from
1 to 10 (no

further
details)

No

Perrot 1998
139

PEMF(2)
Placebo(2)

40
Y

France 80 69 NR NR Unclear/not
stated

NR Poor 60 9 1.3 Unclear/not
stated

Unclear/not
stated

Other Pain
VAS

VAS 0-100

No

Pipitone 2001
141

PEMF
Placebo

69
N*

UK 28 median
around 63

(range 40-84)

NR NR Clinical and
radiological

NR/Unclear Poor Unclear/
not

stated

147 6
7.8Hz in

morning and
afternoon,
and 3Hz in
the evening

<0.5 Gauss WOMAC
pain Likert

5

Yes

Thamsborg
2005 142

PEMF(2)
Placebo(2)

83
Y

Denmark 54 60 NR 27 Clinical and
radiological

1 or higher Poor 120 30 6 50 Hz Unclear/not
stated

WOMAC
pain Likert

5

All 3
individual
WOMAC

sub scores
reported

Trock 1994
143

PEMF
Placebo

84
N**

USA 70 67 80 NR Clinical and
radiological

NR/Unclear Poor 30 18 around 4
to 6

5 Hz for 10
minutes, 10
Hz for 10

minutes and
12 Hz for 10

minutes.

10-15 Gauss
for 10

minutes and
15-25 Gauss

for 20
minutes

Other Pain
VAS

VAS 0-10

No

* No Means, ** Only change from baseline scores reported
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5.2.13 Neuromuscular electrical stimulation (NMES)

5.2.13.1 Study characteristics

Two trials studied NMES (see Table 16) with a total of 52 participant pain scores analysed at the end
of treatment. Both were full papers published in English between 2003 and 2004, and both recruited a
general population, with mean/median ages of participants ranging from 60 to 71 years. The
proportion of females was around 80%, and the mean BMI around 30 kg/m

2
, for both studies (mean

weights were not reported). Both studies used clinical and radiological methods to diagnose
participants. One study was of patients with a Kellgren & Lawrence score of at least one, and one trial
studied patients with a score of at least two.

One trial compared NMES with muscle-strengthening exercise and the other used standard care as a
comparator. Treatment was given for 15 or 30 minutes in 24 or 36 sessions over periods ranging from
eight to 12 weeks. Other treatment parameters were generally not well-reported. Both trials were
unclear in stating whether usual concomitant treatments were allowed, but one trial

144
did provide all

participants with a 12 week self-management course.

Pain was measured using a VAS 20-80 scale in one study, and the McGill Pain Rating Index in the
other. Only one study reported overall WOMAC scores. Adverse effects were monitored in only one
study

144
and neither study reported quality of life data.

5.2.13.2 Study Quality

The number of participants randomised was clearly stated in both studies, but only one
73

clearly
reported using appropriate randomisation methods; neither reported using suitable methods for
concealing treatment allocation. Although both studies adequately described eligibility criteria, neither
had comparable baseline characteristics between the groups. Neither study reported data for the
intention-to-treat population, use of blinding of outcome assessors, or use of a power calculation for
sample sizes. One study

144
reported clearly on whether there were any losses to follow up, but neither

study achieved full follow up for at least 90% of participants.

When the overall study quality ratings were derived both studies were rated as being of poor quality.
Full details of study quality are reported in Appendix 10.2.

5.2.13.3 Results of effectiveness

Only the comparison with standard care (in which both groups also received a programme of self-
management) provided final value mean data, reporting no significant difference between the groups
(SMD 0.46, 95% CI -0.23 to 1.14).

144
No studies provided overall WOMAC scores at the end of

treatment suitable for meta-analysis. One study assessed adverse effects, with none being reported
for participants receiving NMES.

5.2.13.4 Summary of effectiveness of NMES

There was no evidence of satisfactory quality to suggest that use of NMES significantly reduced knee
OA pain.
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Table16: NMES trials: study details
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Rosemffet
2004

73

NMES
Muscle

strengthening
Exercise

18
N*

Argentina 77 median
60

NR 30.9 Clinical and
radiological

2 or
higher

Poor 30 24 8 25 According
to patient
tolerance

Unclear/
NR

Unclear/
NR

20-80 VAS
scale

Yes

Talbot 2003
144

NMES(3)
Standard
care(3)

34
Y***

USA 79 mean 71 NR 30 Clinical and
radiological

1 or
higher

Poor 15 36 12 Unclear/
NR

Unclear/NR 300 Unclear/
NR

McGill Pain
Rating Index

No

* No Means, *** Only one study of this comparison
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5.2.14 Interferential therapy

5.2.14.1 Study characteristics

Four trials studied the effectiveness of interferential therapy (Table 17) with a total of over 180
participant pain scores analysed at the end of treatment (range 26 to 106, sample sizes were
sometimes not clearly stated). All were English language studies, and all were full published papers,
except for one conference abstract.

145

All studies recruited a general population with mean ages of participants ranging from 59 to 67 years.
The proportion of females (range 67 to 72%), mean BMIs (range 28 to 31 kg/m

2
) and mean weights

(range 78 to 86kg) were only reported for two trials.
Diagnoses were made using clinical and radiological methods in three studies, and clinical methods
alone in one study. Only one study reported details on classification of disease severity (recruiting
participants with Kellgren & Lawrence scores of one or more).

Two studies compared interferential therapy with placebo (with one
146

study also comparing four
different modes of therapy), although comparisons were also made with no intervention

146
and

TENS
127

. Treatment was administered for between 20 and 35 minutes, for between eight and 56
sessions over periods ranging from 12 days to eight weeks. Current frequencies and pulse widths
(where stated) varied greatly.

Usual concomitant treatments (as required) were allowed in one study
127

, and one study prohibited
use of medication but did provide a specific programme of home exercise.

147
No relevant details were

provided in two studies.
145 146

Pain was measured using a pain VAS 0-10 scale in two studies, a WOMAC 5 point Likert scale in one
study, and no details were provided for one study. One study reported individual WOMAC subs
scores - although no overall score was provided - but the three other studies reported no relevant
data. Quality of life data (using a VAS scale) and assessment of adverse effects were reported in only
one study.

127

5.2.14.2 Study Quality

The number of participants randomised was clearly stated in three studies, but only one study
reported using appropriate methods for randomisation and allocation concealment.

127
Eligibility criteria

were adequately described in all trials, but group baseline characteristics appeared comparable in
only one study.

147
The three placebo-controlled studies all reported use of an appropriate placebo

treatment. Three studies blinded patients, two blinded outcome assessors and one study blinded
treatment-givers. Only one study reported use of a power calculation for sample sizes, and whether
there were any losses to follow up (although less than 90% of the population were followed up
fully).

127
None of the studies clearly reported data for the intention-to-treat population.

When the overall study quality ratings were derived all four studies were rated as being of poor
quality. Full details of study quality are reported in Appendix 10.2.

5.2.14.3 Results of effectiveness

Two poor quality studies provided final value data for analysis.
145 147

both were small trials, and both
had to have their standard deviations imputed. Also the one comparison with placebo prohibited the
use of medication, making it different from other trials

147
The results found interferential therapy to be

more effective than placebo or no intervention: SMD -0.93 (95% CI: -1.74, -0.11) and SMD -1.64
(95% CI: -2.48, -0.81) respectively.

No studies provided overall WOMAC scores at the end of treatment. The only study to assess
adverse effects found none occurring in the interferential therapy group.
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5.2.14.4 Summary of effectiveness of inferential therapy

There was no evidence of satisfactory quality to suggest that use of interferential therapy significantly
reduced knee OA pain.
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Table 17: Interferential therapy trials: study details
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Adedoyin
2002

147

Interferential(5)
Placebo(5)

26 (imputed)
Y

Nigeria 67 59 mean
78

28 Clinical and
radiological

NR/
Unclear

Poor 20 8 4 100Hz for 15
mins, reduced to
80Hz for further 5

mins.

0.033s VAS 0-10, No

Burch 2008
127

Interferential
TENS

106
N**

USA 72 62 86 31 Clinical and
radiological

1 or
higher

Poor 15 of
interferential
followed by

20 of
patterned
stimulation

56 8 Base of 5000Hz,
and a pre-

modulated beat
frequency
sweeping

between 1-
150Hz

between 3
and 102

micro
seconds

WOMAC
pain Likert 5

All 3
individual
WOMAC

subs scores
reported

Defrin 2005
146

Interferential(2)
Placebo(2)

No
intervention(2)

55 (imputed)
Y

Israel NR 67 NR NR Clinical NR/
Unclear

Poor 20 12 4 Constantly
ranged between
30Hz and 60Hz.

NR/
Unclear

VAS 0-10 No

Young 1991
145

Interferential
Placebo

NR
N*

Canada NR 18 to
75

NR NR Clinical and
radiological

NR/
Unclear

Poor 25 10 1.7 NR/Unclear NR/
Unclear

Reported
WOMAC

but unclear
how

assessed

No

* No Means, ** Only change from baseline scores reported
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5.2.15 Heat treatment

5.2.15.1 Study characteristics

Six trials studied heat treatment interventions (see Table 18) with a total of 349 participant pain scores
analysed at the end of treatment (range 30 to 104); all were full published papers reported in English,
between 2004 and 2010 except for one study published in 1974. Two studies were conducted in Italy,
with others in the United States, Israel, UK and Thailand.

All studies recruited a general population. The mean ages of participants ranged from 61 to 74 years,
and the proportion of females ranged from 63 to 100%. Mean BMI (26 kg/m

2
) and mean weight (71

kg) were reported in single studies. The methods used for diagnosis were clinical and radiological in
three studies, radiological in one study, clinical in one study and unclear in one study. Only two
studies reported using Kellgren & Lawrence scores.

Treatment was with shortwave diathermy in four studies, with single trials of radiofrequency
electromagnetic radiation

132
and a heat-retaining knee sleeve.

148
Two studies were three-armed trials,

one compared heat treatment with balneotherapy and standard care
98

and another with ice/cooling
treatment and placebo.

149
The remaining studies were two-armed trials, two of which compared heat

treatment to placebo and single studies compared to TENS
132

and muscle strengthening exercise.
75

Sessions lasted between 15 and 20 minutes. The total number of sessions varied from 5 to 10, over
periods ranging from 5 days to 4 weeks. One study used an additional home exercise programme as
part of the intervention.

150

Pain was measured using a variety of scales; three studies measured WOMAC pain (one using a
VAS 0-10 scale, and two using a Likert scale). Two studies reported overall WOMAC scores and one
reported individual WOMAC sub-scores. One study reported quality of life outcomes using the
AIMS1

98
and three studies reported adverse effects.

98 148 150

5.2.15.2 Study Quality

The number of participants randomised was clearly stated in all studies, but three
75 148 150

clearly
reported using appropriate randomisation methods, and only two studies

148 150
reported suitable

methods for concealing treatment allocation. Eligibility criteria were adequately described in four trials,
but group baseline characteristics appeared comparable in only two,

148 149
and four studies reported

blinding outcome assessors. Only two studies used a power calculation for sample sizes
75 150

and
three studies clearly reported using data for the intention-to-treat population.

75 98 149
However, all

studies bar one
132

reported whether there were any losses to follow up. Four studies achieved full
follow up for at least 90% of participants.

When the overall study quality ratings were derived all studies were rated as being of poor quality.
Full details of study quality are reported in Appendix 10.2.

5.2.15.3 Results of effectiveness

5.2.15.4 Pain

Two trials did not provide final value mean data suitable for analysis.
98 150

One was a comparison with
balneotherapy and standard care

98
Neither suggested a treatment benefit for heat treatment. They

were not dissimilar to the four trials which could be analysed;
75 132 148 149

these included two
comparisons with placebo

148 149
(figure 24), a comparison with TENS

132
(SMD 0.06, 95% CI -0.56 to

0.68), a comparison with MSE
75

(SMD 0.80, 95% CI 0.23 to 1.38), and a comparison with ice/cooling
treatment

149
(SMD 0.69, 95% CI -0.02 to 1.41), none of which demonstrated a benefit of heat

treatment.
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Figure 24: Pain (at end of treatment): heat treatment versus placebo (all studies).

Disability (WOMAC index)

One study provided overall WOMAC scores at the end of treatment suitable for meta-analysis; MSE
significantly reduced the WOMAC index compared to shortwave diathermy heat treatment (results
reported in section 6.2.2.3).

Adverse effects

Of the three studies that assessed adverse effects, no adverse effects for heat treatment were
reported.

5.2.15.5 Summary of effectiveness of heat treatment

There was no evidence of satisfactory quality to suggest that use of heat treatment significantly
reduced knee OA pain.

Study or Subgroup

Clarke 1974

Mazzuca 2004

Total (95% CI)

Heterogeneity: Chi² = 0.19, df = 1 (P = 0.66); I² = 0%

Test for overall effect: Z = 0.57 (P = 0.57)

Mean

7.5

12.5

SD

3.8

3.82

Total

17

26

43

Mean

7.5

13.3

SD

3.8

4

Total

13

25

38

Weight

36.8%

63.2%

100.0%

IV, Fixed, 95% CI

0.00 [-0.72, 0.72]

-0.20 [-0.75, 0.35]

-0.13 [-0.57, 0.31]

Heat Treatment Placebo Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Heat Treatment Favours Placebo
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Table 18: Heat treatment trials: Study details
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Alcidi 132 Heat(2)
TENS(2)

40
Y (only one

study)

Italy 85 66 NR NR Clinical and
radiological

NR Poor 20 5 0.7 Radiofrequency
electromagnetic

radiation

VAS 1-100 No

Bezalel
75

Heat(2)
MSE(2)

50
Y (only one

study)

Israel 74 74 NR NR NR NR Poor 20 6 4 Shortwave
diathermy

WOMAC
pain Likert 5

Yes

Cantarini
98

Heat
Balneotherapy,
Standard care

74
N*

Italy 63 64 71 NR Clinical and
radiological

3 or lower Poor 15 10 3 Shortwave
diathermy

VAS 0-100 No

Clarke
149

Heat(2)
Ice/cooling

treatment(2)
placebo(2)

30
Y

UK 69 61 NR NR Radiological NR Poor NR 9 3 Shortwave
diathermy

Likert 0-3;
max score 17

No

Mazzuca
148

Heat(2)
Placebo(2)

51
Y

USA 77 63 NR NR Clinical and
radiological

2 or higher Poor NA NA 4 Heat-retaining
knee sleeve

WOMAC
pain Likert 5

Individual
WOMAC sub

scores

Rattanachaiyanont
150

Heat
Placebo

104
N**

Thailan
d

100 63 NR 26 Clinical NR Poor 20 9 3 Shortwave
diathermy

WOMAC
pain VAS 0-

10

Yes

* No Means, ** Only change from baseline scores reported MSE = Muscle strengthening exercise
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5.2.16 Ice/cooling treatment

5.2.16.1 Study characteristics

Four trials assessed ice/cooling treatment (see Table 19) with a total of 211 participant pain scores
analysed at the end of treatment (range 33 to 100); all were full published papers in English published
between 1974 and 2009 except for a conference abstract in German

30
; two studies were conducted in

Turkey and others in the UK and USA.

All participants were drawn from a general knee OA population. Mean age ranged from 56 to 61
years, and the proportion of females ranged from 48 to 91%; demographic data was not reported for
one study

30
. Mean BMI was reported in only one study (30 kg/m

2
) as was the mean weight (88kg)

126
;

the three remaining studies did not report this data. The methods used for diagnosis were clinical and
radiological in two studies

30 37
and radiological in two studies.

126 149
Kellgren & Lawrence scores were

not reported in any study.

One study was a two-armed trial comparing ice/cooling treatment with standard care.
30

There were
two three armed trials with ice/cooling treatment compared with: heat treatment and placebo;

149
and

TENS and no intervention.
126

A four-armed trial compared ice/cooling treatment with acupuncture,
TENS and placebo TENS.

37

The duration of sessions ranged from 10 to 20 minutes and the numbers of sessions from 1 to 40.
The duration of the treatment period ranged from 1 day to 3 weeks.

Pain was measured using Pain Likert scales in two studies
37 149

and a pain VAS in another.
126

Quality
of life data were not reported for any of the studies and adverse effects were reported in one study.

37

5.2.16.2 Study Quality

All studies clearly stated the number of participants randomised though it was unclear whether any
study used appropriate methods for randomisation and only one study used appropriate methods for
concealing treatment allocation.

126
None of the studies conducted any form of blinding, with the

exception of one study which blinded outcome assessors.
37

. Eligibility criteria were adequately
described in only one trial.

37
Group baseline characteristics were comparable in two studies

126 149
but

insufficient details were reported in the other studies.
30 126

None of the studies reported use of a power
calculation for sample sizes. Three studies reported data for the intention-to-treat population, losses
to follow up and full follow up for at least 90% of participants;

37 126 149
in the other study

30
these were

unclear or not reported.

When the overall study quality ratings were derived all studies were rated as being of poor quality.
Full details of study quality are reported in Appendix 10.2.

5.2.16.3 Results of effectiveness

Pain

One trial did not provide final value mean data for analysis.
30

This trial was similar to the other trials
except that it had investigated a more intensive therapy regimen (40 sessions over three weeks).
Three trials could be analysed

37 126 149
and comprised two comparisons with TENS,

37 126
one with heat

treatment
149

and one with acupuncture.
37

The two trials comparing ice cooling with TENS were not
pooled because one of the treatments was given only once. There was no significant difference
between the groups for both studies (SMD -0.41, 95% CI -1.27 to 0.46

126
, and SMD 0.43, 95% CI -

0.13 to 1.00
37

). The comparison of ice/cooling treatment with heat treatment found no statistically
significant difference between treatments (SMD -0.69, 95% CI -1.41 to 0.02).

149
An SMD could not be

calculated for the one study of ice treatment versus acupuncture since the acupuncture arm had an
end of treatment pain score of zero.
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Disability (WOMAC index)

No studies provided overall WOMAC scores at the end of treatment suitable for meta-analysis.

Adverse effects

None of the studies assessed adverse effects for ice/cooling treatment.

5.2.16.4 Summary of effect of ice/cooling treatment

There was no evidence of satisfactory quality to suggest that use of ice/cooling treatment significantly
reduced knee OA pain.
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Table 19: Ice/cooling trials: study details
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Arman 1988
30

Ice/cooling
Standard care

33
N*

Turkey NR NR NR NR Clinical &
radiological

NR Poor 10 40 3 NR No

Clarke 1974
149

Ice/cooling(2)
Heat treatment(2)

placebo(2)

45
Y (only study)

UK 69 61 NR NR Radiological NR Poor NR 9 3 Likert 0-3 (max
score of 17)

No

Pietrosimone
2009

126

Ice/cooling(1)
TENS(1)

No intervention(1)

33
Y

USA 48 56 88 30 Radiological NR Poor 20 1 1 day VAS No

Yurtkuran 1999
37

Acupuncture(2)
Ice/cooling(2)

TENS(2)
Placebo TENS(2)

100
Y

Turkey 91 58 NR NR Clinical &
radiological

NR Poor 20 10 2 Likert 1-5 No

* No Means
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5.2.17 Laser or light therapy

5.2.17.1 Study characteristics

Seven trials studied laser or light therapy interventions (see Table 20) with a total of over 260
participant pain scores analysed at the end of treatment (range 29 to 60, sample sizes were
sometimes not clearly stated); five were full published papers and two were conference abstracts. All
studies were reported in English, between 1989 and 2009. Two studies were conducted in Turkey,
with others in Korea, China, Sweden, Denmark and Israel.

Four studies recruited a general population, two
151 152

studied only participants with both knees
affected by osteoarthritis, and in one study the population was unclear.

153
The mean/median ages of

participants, where reported, ranged from 58 to 74 years, and the proportion of females ranged from
68 to 90%. Mean BMI was reported in only two studies (range 29 to 30 kg/m

2
) and mean weight in no

studies. The methods used for diagnosis were clinical and radiological in six studies and unclear in
one study. Four studies reported using Kellgren & Lawrence scores (with all patients scoring at least
2), in two studies the method of diagnosis was not reported and in one study they used OA severity
radiographic grades.

Three studies were three-armed trials, one compared different light doses with placebo
154

, another red
light and infrared light with placebo

151
and another different light intensities with placebo.

152
The

remaining studies were two-armed trials compared with placebo
153 155 156

or standard care.
157

Sessions lasted between 5 and 30 minutes. The total number of sessions varied from 6 to 56, over
periods ranging from 10 days to 8 weeks. One study

154
used additional home exercise as part of the

intervention for all arms of the trial where all groups underwent straight leg raising exercise over 14
weeks.

Usual (or trial-specific) concomitant treatments, as required, were allowed in three studies and no
details were provided in two studies. Two studies required at least one of the study arms to take
specified doses of analgesics.

152 154

Pain was measured using a variety of scales; only three studies measured WOMAC pain (one using a
VAS 0-10 scale, and two using a Likert scale). Only one study reported overall WOMAC scores and
three reported individual WOMAC sub-scores. None of the studies reported quality of life outcomes
and one study reported adverse effects.

152 155-157

5.2.17.2 Study Quality

The number of participants randomised was clearly stated in all studies, but only one
155

clearly
reported using appropriate randomisation methods, and only two studies

155 156
reported suitable

methods for concealing treatment allocation.
Eligibility criteria were adequately described in four trials, but group baseline characteristics appeared
comparable in only three, and just two studies

155 156
reported blinding outcome assessors. Only one

study used a power calculation for sample sizes
156

and four studies clearly reported using data for the
intention-to-treat population.

152 154-156
However, all studies bar two

153 157
reported whether there were

any losses to follow up. Five studies achieved full follow up for at least 90% of participants.

When the overall study quality ratings were derived four studies were rated as being of poor quality,
and three were rated as being of satisfactory quality.

152 154 155
Full details of study quality are reported

in Appendix 10.2.

5.2.17.3 Results of effectiveness

Pain

Four of the seven trials did not present final value data for analysis,
153 154 156 157

one of which
154

was
rated to be of satisfactory quality. The four included three comparisons with placebo and one with
standard care, for two of which the sample size was unclear. Otherwise they were generally similar to
the three analysed trials, which were all placebo comparisons (one poor quality and two satisfactory
quality studies).

151 152 155
The pooled result found no significant difference between laser or light
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therapy interventions and placebo for end of treatment pain (Figure 25) but a high degree of
heterogeneity was present. A sensitivity analysis in which the one poor quality study, which was the
only study that reported a significant benefit of laser therapy, was removed

151
markedly reduced the

heterogeneity (I
2
=2%) but the pooled result was still close to zero and not statistically significant

(Figure 26).

Figure 25: Pain (at end of treatment): laser/light therapy interventions versus placebo (all

studies).

Figure 26: Pain (at end of treatment): laser/light therapy interventions versus placebo

(satisfactory studies).

Of the four studies ineligible for meta-analysis three compared laser or light therapy interventions with
placebo and one with standard care. Two of the trials did not report means and two presented change
from baseline scores. In one study there were no significant differences in pain compared with
placebo,

156
whilst in another, which was of satisfactory quality, and which reported only median

values, pain was significant reduced compared with placebo.
154

Disability (WOMAC index)

No studies provided overall WOMAC scores at the end of treatment suitable for meta-analysis.

Adverse effects

Of the four studies that assessed adverse effects, three reported that there were no adverse effects
and one study reported that three patients had an area of reddened skin at the irradiated site that
disappeared within few hours without treatment.

5.2.17.4 Summary of effectiveness of laser or light therapy

The satisfactory quality studies that were included in the analysis provided no evidence to suggest
that use of laser/light therapy significantly reduced knee OA pain. However, one satisfactory quality
study, which reported only medians, did suggest a benefit of laser therapy over placebo.

Study or Subgroup

Shen 2009

Stelian 1992

Tascioglu 2004

Total (95% CI)

Heterogeneity: Chi² = 14.15, df = 2 (P = 0.0008); I² = 86%

Test for overall effect: Z = 1.36 (P = 0.17)

Mean

4.33

3.27

10.54

SD

3.3

2.51

3.08

Total

20

33

40

93

Mean

4.57

6.29

9.27

SD

3.23

2.22

4.41

Total

20

17

20

57

Weight

30.6%

29.1%

40.3%

100.0%

IV, Fixed, 95% CI

-0.07 [-0.69, 0.55]

-1.23 [-1.87, -0.59]

0.35 [-0.19, 0.89]

-0.24 [-0.58, 0.11]

Laser/light therapy Placebo Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Laser therapy Favours Placebo

Study or Subgroup

Shen 2009

Tascioglu 2004

Total (95% CI)

Heterogeneity: Chi² = 1.02, df = 1 (P = 0.31); I² = 2%

Test for overall effect: Z = 0.81 (P = 0.42)

Mean

4.33

10.54

SD

3.3

3.08

Total

20

40

60

Mean

4.57

9.27

SD

3.23

4.41

Total

20

20

40

Weight

43.2%

56.8%

100.0%

IV, Fixed, 95% CI

-0.07 [-0.69, 0.55]

0.35 [-0.19, 0.89]

0.17 [-0.24, 0.58]

Laser/light therapy Placebo Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Laser therapy Favours Placebo
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Table 20: Laser/light therapy trials: Study details

* No Means ** Only change from baseline scores reported
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Bulow
1994

156

Laser
Placebo

29
N*

Denmark 83 Median
74

NR NR Clinical and
radiological

NR Poor 15 9 3 Accumulated dose
202.5J

Likert scale: 0-
3, maximum
score 126

No

Gur 2003
154

Laser
Placebo

90
N*

Turkey 80 60 NR 30 Clinical and
radiological

2 or higher Satisfactory 5 10 2 Group 1: 30 J
accumulated dose

Group 2: 20 J
accumulated dose

VAS 0-10 Yes

Kim 2006
157

Laser
Standard

care

unclear
N**

Korea NR NR NR NR Clinical and
radiological

2 or higher Poor 30 56 8 402 laser diodes, 650nm,
50mW

WOMAC pain
subscale VAS

0-10

Individual WOMAC
subs scores

reported

Nivbrant
1989

153

Laser
Placebo

unclear
N**

Sweden NR NR NR NR Clinical and
radiological

OA
severity

radiographi
c grades 2-

4

Poor 20
6

6 NR VAS No

Shen 2009
155

Laser(2)
Placebo(2)

40
Y

China 90 58 NR NR Clinical and
radiological

2 or higher Satisfactory 20
12

4 283J WOMAC pain
Likert 5

All 3 individual
WOMAC subscale

scores

Stelian
1992

151

Laser(2)
Placebo(2)

50
Y

Israel 68 68 NR NR NR NR Poor 30 20 10 days Red light 10.3J; infrared
light 11.1J

Other Pain
VAS 0-10

Pain Likert 0-5
scale

No

Tascioglu
2004

152

Laser(4)
Placebo(4)

60
Y

Turkey 70 62 NR 29 Clinical and
radiological

2 or 3 Satisfactory 10 for 1st
group, 5
for 2nd
group

10 2 Group 1: 3 joule per
tender joint (5 joints in
all), dose/treatment 15

joule.
Group 2: 1.5 joule per
tender joint (5 joints in
all), dose/treatment 7.5

joule.

WOMAC pain
Likert 5

Other Pain
VAS 0-100

All 3 individual
WOMAC subscale

scores
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5.2.18 Manual therapy

5.2.18.1 Study characteristics

Five trials assessed manual therapy (see Table 21) with a total of 367 participant pain scores
analysed at the end of treatment (range 39 to 114); all were full published papers in English published
between 2003 and 2009; two studies were conducted in Australia and others in the USA, Germany
and South Africa.

All participants were drawn from a general knee OA population. Mean age ranged from 56 to 68
years, and the proportion of females ranged from 63 to 78%. Mean BMI was reported in only one
study (mean 29 kg/m

2
)

158
and the mean weight was reported in two studies (and ranged from 82 to

83kg).
28 159

The methods used for diagnosis were clinical and radiological in all studies, but the
Kellgren & Lawrence score (2 or higher) was reported for only one study.

28

Two studies were two-armed trials comparing manual therapy with standard care.
158 159

and one study
compared manual therapy with placebo.

160
The remaining studies were three armed trials: one

compared two types of manual therapy (accessory mobilisation and by hand) with placebo
161

and the
other compared manual therapy with muscle-strengthening exercise or standard care.

28
One study

had a cross-over design.
161

Where stated, the duration of each session ranged from 10 to 60 minutes and the number of sessions
from 1 to 16. The duration of the treatment period ranged from a single 10 minute session

161
to 8

weeks.

Pain was measured using a pain VAS in all five studies, though studies also used a WOMAC pain
Likert,

161
WOMAC pain subscale VAS 0-100

158
and the numerical Pain Rating Scale.

159
The overall

WOMAC score was reported in one study.
158

Quality of life data were not reported for any study.
Adverse effects were reported for two studies.

158 159

5.2.18.2 Study Quality

All studies clearly stated the number of participants randomised, two studies used appropriate
methods for randomisation

158 160
and one used appropriate methods for concealing treatment

allocation.
160

One study reported that the study was double blind, with blinding of both the patient and
outcome assessor

161
and another study reported blinding of both the patient and outcome assessor

160
Eligibility criteria were adequately described in all studies, whilst group baseline characteristics

were comparable in two studies,
159 161

or had significantly different WOMAC pain at baseline.
158

Two
studies reported use of a power calculation for sample sizes.

158 161
Three studies reported data for the

intention-to-treat population,
158 160 161

and four reported losses to follow up.
158-161

Follow up for at least
90% of participants was reported in three studies.

159-161

When the overall study quality ratings were derived one study was considered to be of good quality
161

and the rest of poor quality.
28 158-160

. Full details of study quality are reported in Appendix 10.2.

5.2.18.3 Results of effectiveness

Pain

Two studies (both poor quality) provided data suitable for a meta-analysis comparison of manual
therapy with standard care.

28 159
No significant difference between manual therapy and standard care

were found for end of treatment pain (Figure 27).
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Figure 27: Pain (at end of treatment): manual therapy versus standard care (all studies).

One study compared manual therapy with placebo compared with the placebo group manual therapy
yielded a significant decrease in pain (SMD -0.65, 95% CI -1.27 to -0.02).

160

Of the two studies ineligible for meta-analysis, both presented change from baseline scores and both
(including the one good quality trial

161
) reported results favouring manual therapy over placebo

158
or

standard care.
161

Disability (WOMAC index)

No studies provided overall WOMAC scores at the end of treatment suitable for meta-analysis.

Adverse effects

Of the two studies that assessed adverse effects, one stated that a single patient reported increased
discomfort and withdrew from the trial, and the other reported no adverse effects.

5.2.18.4 Summary of effectiveness of manual therapy

There was no evidence of satisfactory quality to suggest that manual therapy significantly reduced
knee OA pain. However, one good quality trial whose data could not be included in the analysis did
indicate a benefit of manual therapy over placebo.

Study or Subgroup

Rapp 2009

Tucker 2003

Total (95% CI)

Heterogeneity: Chi² = 0.17, df = 1 (P = 0.68); I² = 0%

Test for overall effect: Z = 0.65 (P = 0.52)

Mean

2.25

11.5

SD

1.5

13.5

Total

15

30

45

Mean

2.72

12.6

SD

1.97

15.4

Total

15

30

45

Weight

33.1%

66.9%

100.0%

IV, Fixed, 95% CI

-0.26 [-0.98, 0.46]

-0.07 [-0.58, 0.43]

-0.14 [-0.55, 0.28]

Manual Therapy Standard Care Std. Mean Difference Std. Mean Difference

IV, Fixed, 95% CI

-4 -2 0 2 4
Favours Manual Therapy Favours Standard Care
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Table 21: Manual therapy trials: study details
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Moss 2007
161

MT
Placebo

114
N**

Australia 66 65 NR NR Clinical &
radiological

NR Good 10 1 10 mins WOMAC Likert 5
VAS 0-10

No

Perlman 2006
158

MT
Standard care

68
N**

USA 78 68 NR 29 Clinical &
radiological

NR Poor 60 12 8 WOMAC VAS 0-100

VAS 0-100

Yes

Pollard 2008
160

MT(2)
Placebo(2)

43
Y (only study)

Australia NR 56 NR NR Clinical &
radiological

NR Poor NR 6 2 VAS 0-10 No

Rapp 2009 28 MT(2)
MSE(2)

Standard care(2)

39
Y

Germany 64 60 83 NR Clinical &
radiological

2 or
higher

Poor 20 16 8 VAS 0-10 No

Tucker 2003
159

MT(2)
Standard care(4)

103
Y

South
Africa

63 59 82 NR Clinical &
radiological

NR Poor NR 8 3 VAS 0-100

Numerical Rating
Scale (NRS)

No

** Only change from baseline scores reported MT = Manual Therapy MSE= Muscle-strengthening exercise
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6. NETWORK META-ANALYSIS

6.1 Quantity and Quality of data
The total number of trials potentially available for analysis was 91. A flow chart indicating the reasons
studies were unsuitable for NMA is presented in Figure 28.

Figure 28: Flow chart of trials available for analysis.

In these 91 trials, a variety of pain scales were reported. The frequency of these scales is reported in
Table 22. Some VAS scales utilised scores for only the range specified, as in 0-100, some used
cumulative (summed) scoring, and others standardised the cumulative scores (e.g. a cumulative
score of 300 out of 500 became 60 on a 0–100 scale). These are not distinguished in Table 22. If a
trial reported more than one scale, only the primary scale prioritised for use in an analysis is counted
here.
The number of trials with each of these pain scales by the main interventions is reported in Appendix
10.4.3 NMA Appendix Table 1. The variation in the mean standard deviations across the main
interventions that utilised the two main scales (VAS 0-10 and WOMAC Likert 5) is reported in
Appendix 10.4.3 NMA Appendix Tables 2 and 3.

138 trials met inclusion
criteria

134 original trials available
for data extraction

4 trials could not be
translated

1 paper effectively treated as
2 trials

135 trials for which data
was extracted

44 trials with inadequate data for
analysis

87 trials with data
available for the end of

treatment time point
analyses

74 trials with data available
for the 3 months from the

start of treatment time point
analyses

21 trials with data available
for the 3 months from the

end of treatment time point
analyses

91 trials with data suitable
for network meta-analysis
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Table 22: A frequency table of the primary scales reported in the 91 trials. The primary scale is
the scale used in an analysis

AIMS VAS 0 - 10 2

AIMS2 pain subscale (0-10 scale) 1

AIMS-4 item 1

Borg Scale 0-10 1

KSS 10 pt Likert 1

Likert 2

Likert 1-6 1

Likert Four graded pain scale (1-none,4-severe) 1

Lysholm pain scale (no pain =25, constant pain =0) 1

Lysholm scores 1

McGill 1

NR VAS 0 - 10 1

NRS VAS 0 - 10 2

Numerical Pain Rating Scale and VAS 0-100 1
Scale 1 (minimal) to 10 (maximal) and pain
diary 1

VAS 0 - 10 18

VAS 0 - 100 12

WOMAC

Likert 5 20

VAS 10 6

VAS 100 11

std mean (VAS 100) 3

Not specified 3

Three time points were defined in the methods section (section 6.2.4.2). However, for the 3 months
after end of treatment time point (evaluated in 21 trials) no connected network that included
acupuncture existed (only two very small other networks existed, each comprising three
interventions). Therefore networks were constructed only for end of treatment and 3 months from start
of treatment. In many cases these were very similar since for many trials for End of Treatment and 3
months from start of treatment were the same time point. The 12 connected networks for the primary
outcome (pain) obtained for these analyses, and the sensitivity analysis excluding outliers, are
presented in figures 1-13. In the figures, each solid arrow indicates that there is a direct comparison
entered into the analysis. A 3-armed trial with arms A, B and C, provides 2 data points in a data set
reflecting 2 comparisons A vs B and C vs B. These comparisons are represented by solid arrows and
these determine the existence of evidence triangles on which consistency of direct and indirect
evidence can be tested. The numbers in the figures indicate the level of inconsistency between the
direct and indirect evidence for that comparison. A value of 1 represents complete inconsistency, and
a value of zero indicates perfect consistency. Tables presenting the comparisons included in each
connected network for the overall WOMAC score analyses are presented in Appendix 10.4.2 as
Tables 1-12.

Three networks were evaluated for each time point:
Therapy-plus-adjunct interventions network: a total of 110 possible interventions were defined. There
were 22 primary interventions and each primary intervention had 5 possible variations of concomitant
treatments. These are detailed in Table 3.
Therapy-only interventions network comprising 22 primary interventions. These are also detailed in
Table 3.
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Grouped interventions network: there were 13 possible interventions in the general network. These 13
categories included all of the 22 main interventions in the specific network. All concomitant variations
of each main intervention were considered the same. The categories are listed in Table 24.
For each network at each time point, an analysis was planned including:
Studies of any-quality
Higher-quality studies

Study and population characteristics across all interventions in the review are summarised in Table
25. Appendix 10.4.1 presents these details for each trial included in the NMA and illustrates that they
are generalisable to a general OA of the knee population.

Table 24: The 13 interventions in the grouped interventions set

Intervention

Acupuncture 1

Sham acupuncture 2

Balneotherapy 3

Braces 4

Exercise - Aerobic (weight bearing) 5

Exercise - Muscle strengthening (non-weight bearing) 6

Physiotherapy
(heat treatment; ice/cooling treatment, interferential therapy; laser/light therapy; manual
therapy; NMES; Pulsed electrical stimulation (PES); Pulsed electromagnetic fields (PEMF);
static magnets; TENS)

7

Insoles 8

Tai Chi 9

Weight loss 10

Standard care 11

Placebo 12

No intervention 13
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Table 25: Summary characteristics of trials included in the systematic review

Intervention
No. of trials eligible
for the review (no.
of pts*)

Type of population recruited
(no. of studies)

Range of
mean ages
(years)

Range of
BMIs (kg/m2)
(where
reported)

Range of
% female

Comparators (no. of treatment arms†)

Acupuncture 22 (2167)
General(20), both knees
affected(1), awaiting surgery(1)

58-85 29-33 50-96
Sham acupuncture(12), standard care(11), TENS(3), muscle
strengthening exercise(1), ice/cooling(1)

Balneotherapy 14 (1008)
General(12), both knees
affected(2)

‡54-70 26-32 47-100 Placebo(8), standard care(6), heat treatment(1)

Braces 2 (227) Knee mal-alignment(2) 59 NR 38-83 Standard care(2)

Aerobic exercise 9 (880)
General(6), both knees affected(2),
overweight or obese(1)

‡54-75 33-34 50-100 Standard care(9), muscle strengthening exercise(2), weight loss(1)

MSE 30 (2771)
General (23), both knees
affected(4), awaiting surgery(2),
knee mal-alignment(1)

‡53-77 24-33 31-100
Standard care(19), placebo(3), no treatment(2), aerobic exercise(2),
heat treatment(1), TENS(1), acupuncture(1), PES(1), manual
therapy(1), NMES(1)

Heat treatment 6 (349) General(6) 61-74 NR 63-100
Placebo(3), standard care(1), TENS(1), muscle strengthening
exercise(1), balneotherapy(1), ice/cooling(1)

Ice/cooling
treatment

4 (211) General (4) 56-61 30 (one study) 48-91
TENS(2), acupuncture (1), standard care(1), heat treatment(1),
placebo(1), no treatment(1)

Insoles 6 (669) General(4), knee mal-alignment(2) 58-68 29-33 54-100 Placebo(6)
Interferential
therapy

4 (180) General (4) 59-67 28 (one study) 67-72 Placebo(2), TENS(1), no treatment(1)

Laser/light
therapy

7 (260) General (5), both knees affected(2) 58-74 29-30 68-90 Placebo(6), standard care(1)

Manual therapy 5 (367) General (5) 56-68 NR 63-78 Standard care(3), placebo(2), muscle strengthening exercise(1)
NMES 2 (52) General(2) 60-71 30-31 77-79 Standard care(1), muscle strengthening exercise(1)
PES 6 (210) General(6) 55-66 28-33 46-100 Placebo(5), standard care(1), muscle strengthening exercise(1)
PEMF 6 (521) General(6) 60-69 27-29 28-80 Placebo(6)
Static magnets 3 (131) General(3) 63-65 NR 60-79 Placebo(3)
Tai Chi 4 (307) General (4) 65-70 26-28 75-93 Standard care(4)

TENS 17 (730) General(16), awaiting surgery(1) 56-85 28-31 48-97

Placebo(11), standard care(3), acupuncture (3), Ice/cooling(2), heat
treatment(1), interferential (1), no treatment, muscle strengthening
exercise(1)

Weight loss
(dieting)

4 (781) Overweight or obese(4) 61-70 33-35 26-89 Standard care(4), aerobic exercise(1)

* Number of patients analysed by the primary studies for end of treatment pain - this was not always clearly stated †Different doses of the same treatment in a trial were pooled, counting as one
arm ‡ Trial reported mean age by treatment group, and contained a group with a mean age ≥55.   Some studies compared two or more different intervention NR=Not reported
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Study quality
Table 26 shows the number of trials for each main intervention that are good or satisfactory, or poor:
45% or more of the acupuncture, sham acupuncture, muscle-strengthening exercise, insoles,
laser/light therapy, and Tai Chi trials are of good or satisfactory (higher) quality.

Table 26: Trials by main intervention and quality across the 91 trials that had adequate data
available for analysis

Number of trials

Study quality Study quality

Treatment Higher* Poor Any Treatment Higher* Poor Any

Acu 8 10 18 NMES 0 1 1

Bal 1 8 9 PES 1 3 4

Bra 0 1 1 PEMF 0 4 4

ExAe 1 5 6 Mag 0 1 1

ExMu 7 17 24 Tai 2 2 4

Hea 0 4 TENS 0 11 11

Ice 0 3 3 Wei 2 1 3

Ins 3 0 3 SC 13 30 43

Int 0 2 2 P 6 28 34

Las 3 1 4 NoTr 1 3 4

Man 0 3 3 ShAcu 5 3 8

* Good or satisfactory quality

6.2 Presentation of results of NMA
Given the large number of interventions in the network the results can be presented in a variety of
ways. In this report most of the results presented for the comparison with standard care. The full
results are available at: http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm
http://www.york.ac.uk/inst/crd/Documents/FullResultsWOMAC.xlsm

6.3 Pain - end of treatment analyses
There were 87 trials with data that could be used in the end of treatment analyses of pain. The
number of trials actually included in each analysis depended on how many of them formed part of a
connected network with acupuncture.

There was considerable variation in the average treatment duration across the main interventions.
See Appendix 10.4.3 Figure 1.

The treatment effects of each treatment compared with standard care are presented. For the
Therapy-only interventions network acupuncture is compared with each of the other interventions. For
brevity, only the results where acupuncture is significantly more effective than the comparator at a
95% level of credibility are referred to in the text.

6.3.1 The therapy-plus-adjunct interventions set

6.3.1.1 All studies (any-quality)

Of the potential 110 Therapy-plus-adjunct interventions, 35 interventions formed part of a connected
network with acupuncture and the evidence was informed by 79 trials. The network, presented in
Figure 29, shows strong evidence of a high level of inconsistency between the direct and indirect
evidence involving the PES/UT, heat treatment/UT, placebo and TENS/UT nodes. This suggests that
there is a possibility of bias or lack of exchangeability between the comparisons and hence the

http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm
http://www.york.ac.uk/inst/crd/Documents/FullResultsWOMAC.xlsm
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credible intervals of the treatment effect for these treatments may be underestimated. Stable
estimates were produced by the model for the SMDs and for the between-study SD of the random
effects distribution, . The mean between-study SD across the comparisons was 0.32 SMD.

Table 27 presents the treatment effects of each intervention compared to standard care with usual
treatment in order of mean effectiveness. The median effectiveness rank and the uncertainty in the
rank are also presented. All interventions other than NMES with treatment as usual plus home
exercises/education (NMES/UT+EX) had a mean estimate that favoured the intervention over
standard care with usual treatment. PES, acupuncture, balneotherapy, sham acupuncture, laser/light
treatment, static magnets and Tai Chi all showed a treatment benefit over standard care with the 95%
credible intervals not crossing the line of no effect, regardless of the adjunctive treatment. The 95%
credible intervals of the treatment effects for muscle-strengthening exercise, aerobic exercise,
interferential treatment, and insoles only marginally crossed the line of no effect.



Figure 29: End of treatment analysis/any-quality trials/therapy-plus-adjunct interventions set.

MAG/UT

0.14

SC/UT

SC/UT+EX

SC/UT+AN

P/NoMed

P/UT

NoTr/NoMe

NoTr/UT

ACU/NoMed

ACU/UT

ShACU/NoMed

ShACU/UT

BAL/UT

BRA/UT

ExAe/NoMed

ExAe/UT

ExMu/NoMed

ExMu/UT
HEA/UT

ICE/NoMed

ICE/UT

INS/UT

LAS/UT

MAN/UT

NMES/UT+E

PES/UT

PEMF/NoMedPEMF/UT

TENS/NoMe

TENS/UT

TAI/UT
WEI/UT

WEI/UT+EX

INT/UT

ExMu/UT+EX

0.60

0.28

0.51

0.90

0.83

0.52

0.37

0.96

0.96

0.91

0.79

0.29

0.96

0.15

0.7

0.85

0.65

0.28
The numbers represent the inconsistency value for the direct and indirect estimates for the relevant comparison. 1 indicates complete inconsistency and 0 represents no inconsistency.
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The thickness of the lines represents the number of trials making the comparison. The dotted lines represent comparisons in 3-arm trials for which there is data point in the analyses.
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Table 27: Reduction in pain compared to standard care/usual treatment: end of treatment, therapy-plus-adjunct intervention set,
all-quality studies.

Comparator: Standard care/usual care (23 trials)

Treatment
Trials

SMD (95% CrI)
Median rank (CrI)

Treatment
Trials

SMD (95% CrI)
Median rank (CrI)

ExAe/NoMed
1

-4.29 (-5.88 to -2.71) 1 (1,2) Bal/UT
6

-0.58 (-1.06 to -0.09) 20 (10,30)

Int/UT
1

-1.92 (-3.80 to -0.04) 3 (1,31) Wei/UT+EX
2

-0.55 (-1.21 to 0.09) 21 (7,33)

ExMu/NoMed
2

-1.58 (-3.23 to 0.04) 4 (2,30) P/NoMed
2

-0.54 (-1.76 to 0.67) 21 (5,34)

ShAcu/NoMed
1

-1.31 (-2.73 to 0.10) 6 (2,33) ExAe/UT
5

-0.54 (-1.01 to -0.06) 21 (10,31)

Acu/NoMed
3

-1.26 (-2.30 to -0.23) 7 (2,28) Wei/UT
2

-0.53 (-1.15 to 0.09) 21 (8,33)

TENS/NoMed
4

-1.19 (-2.06 to -0.32) 8 (3,25) ShAcu/UT
6

-0.52 (-0.96 to -0.07) 21 (11,32)

Ins/UT
1

-1.08 (-2.15 to 0.00) 9 (2,31) Bra/UT
1

-0.45 (-1.3 to 0.39) 23 (6,34)

Mag/UT
1

-1.07 (-2.07 to -0.07) 9 (2,30) PEMF/NoMed
1

-0.43 (-1.85 to 0.97) 24 (4,35)

SC/UT+AN
4

-1.04 (-1.62 to -0.46) 10 (4,22) NoTr/NoMed
3

-0.43 (-1.92 to 1.05) 24 (4,35)

Acu/UT
14

-1.03 (-1.34 to -0.72) 10 (4,18) ExMu/UT
20

-0.43 (-0.65 to -0.21) 24 (16,30)

TENS/UT
6

-0.94 (-1.49 to -0.40) 12 (4,23) Tai/UT
3

-0.37 (-0.86 to 0.11) 25 (12,34)

PES/UT
4

-0.93 (-1.51 to -0.34) 12 (4,25) PEMF/UT
3

-0.33 (-0.96 to 0.31) 27 (13,34)

Las/UT
2

-0.88 (-1.65 to -0.13) 13 (4,29) SC/UT+EX
12

-0.30 (-0.70 to 0.09) 27 (18,33)

Ice/NoMed
1

-0.87 (-2.68 to 0.94) 14 (2,35) Hea/UT
4

-0.29 (-0.85 to 0.28) 27 (15,34)

Man/UT
3

-0.83 (-1.44 to -0.22) 14 (5,28) P/UT
25

-0.25 (-0.66 to 0.17) 28 (20,33)

ExMu/UT+EX
2

-0.72 (-1.37 to -0.07) 17 (5,31) NoTr/UT
1

-0.07 (-1.55 to 1.40) 31 (5,35)

Ice/UT
2

-0.66 (-1.49 to 0.18) 18 (5,33) NMES/UT+EX
1

0.16 (-0.87 to 1.18) 33 (14,35)

Data points: 94 Residual deviance: 102 % deviance difference: 8.5%  (between study standard deviation): 0.32 (95%CrI:0.21 to 0.46)

SMD Standardised mean difference; CrI Credible intervals. +EX with home exercises/education Results in order of mean treatment effectiveness



Acupuncture with usual care showed a statistically significant treatment benefit over placebo, muscle
strengthening exercise with usual treatment, heat treatment with usual care, NMES with usual care,
PEMF with usual care, Tai Chi with usual care and sham acupuncture with usual care
some of these results lacked face validity. For example, acupuncture did not show a statistically
significant treatment benefit over muscle
usual care. Full results are at http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm

The comparisons of the impact of the adjuncts
the network are presented in the caterpillar plot in Figure
the adjuncts for most of the interventions. This suggests a lack of power in distinguishing bet
these treatment effects. Aerobic exercise with no medication was statistically significantly more
effective than aerobic exercise with treatment as usual at a 95% level of credibility, but this lacks face
validity. Standard care with usual treatment
benefit over standard care with usual treatment, and over standard care with exercise, at a 95% level
of credibility.

Figure 30: Caterpillar plot evaluating the impact of adjuncts on the outcomes

interventions.

Adjuncts: UT=‘treatment as usual’, T+EX/ED= ‘treatment as usual’ plus specified home exercise or
education, T+AN=‘treatment as usual’ plus specified analgesics, NoMed = no medication
Comparators: Pla=placebo, SC=Standard Care, ShAcu
Interventions: Acu=acupuncture, Ae Ex= Aerobic exercise, Mu Ex = muscle
Ice=Ice/cooling treatment, Wei = Weight loss intervention

6.3.1.2 Sensitivity analysis: Higher

When only higher-quality studies were included in a sensitivity analysis to evaluate the impact of
excluding poor quality studies, only 13 out of the 35 interventions in the main analysis formed part of a
connected network with acupuncture and the evidence
presented in Figure 31. Stable estimates were produced by the model for the SMDs and for the
between-study SD of the random effects distribution,
comparisons was 0.22 SMD, a slightly higher estimate than in the analysis including poor quality
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showed a statistically significant treatment benefit over placebo, muscle
strengthening exercise with usual treatment, heat treatment with usual care, NMES with usual care,
PEMF with usual care, Tai Chi with usual care and sham acupuncture with usual care
some of these results lacked face validity. For example, acupuncture did not show a statistically
significant treatment benefit over muscle-strengthening exercise, PEMF or sham acupuncture without

http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm

of the impact of the adjuncts for all the interventions with more than one adjunct in
the network are presented in the caterpillar plot in Figure 30. There was no evidence of a difference in
the adjuncts for most of the interventions. This suggests a lack of power in distinguishing bet
these treatment effects. Aerobic exercise with no medication was statistically significantly more
effective than aerobic exercise with treatment as usual at a 95% level of credibility, but this lacks face
validity. Standard care with usual treatment and analgesia had a statistically significant treatment
benefit over standard care with usual treatment, and over standard care with exercise, at a 95% level

Figure 30: Caterpillar plot evaluating the impact of adjuncts on the outcomes

: UT=‘treatment as usual’, T+EX/ED= ‘treatment as usual’ plus specified home exercise or
education, T+AN=‘treatment as usual’ plus specified analgesics, NoMed = no medication

: Pla=placebo, SC=Standard Care, ShAcu=Sham acupuncture, NoINT=No intervention
: Acu=acupuncture, Ae Ex= Aerobic exercise, Mu Ex = muscle-strengthening exercise,

Ice=Ice/cooling treatment, Wei = Weight loss intervention

Higher-quality studies only

studies were included in a sensitivity analysis to evaluate the impact of
excluding poor quality studies, only 13 out of the 35 interventions in the main analysis formed part of a
connected network with acupuncture and the evidence was informed by 17 trials. The network is

. Stable estimates were produced by the model for the SMDs and for the
he random effects distribution, - the mean between-study SD across the

comparisons was 0.22 SMD, a slightly higher estimate than in the analysis including poor quality

showed a statistically significant treatment benefit over placebo, muscle-
strengthening exercise with usual treatment, heat treatment with usual care, NMES with usual care,
PEMF with usual care, Tai Chi with usual care and sham acupuncture with usual care. However,
some of these results lacked face validity. For example, acupuncture did not show a statistically

strengthening exercise, PEMF or sham acupuncture without
http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm

for all the interventions with more than one adjunct in
. There was no evidence of a difference in

the adjuncts for most of the interventions. This suggests a lack of power in distinguishing between
these treatment effects. Aerobic exercise with no medication was statistically significantly more
effective than aerobic exercise with treatment as usual at a 95% level of credibility, but this lacks face

and analgesia had a statistically significant treatment
benefit over standard care with usual treatment, and over standard care with exercise, at a 95% level

Figure 30: Caterpillar plot evaluating the impact of adjuncts on the outcomes from

: UT=‘treatment as usual’, T+EX/ED= ‘treatment as usual’ plus specified home exercise or
education, T+AN=‘treatment as usual’ plus specified analgesics, NoMed = no medication

=Sham acupuncture, NoINT=No intervention
strengthening exercise,

studies were included in a sensitivity analysis to evaluate the impact of
excluding poor quality studies, only 13 out of the 35 interventions in the main analysis formed part of a

was informed by 17 trials. The network is
. Stable estimates were produced by the model for the SMDs and for the

study SD across the
comparisons was 0.22 SMD, a slightly higher estimate than in the analysis including poor quality

http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm
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studies, which may reflect fewer studies informing the estimate. There was no strong evidence of
inconsistency between the direct and indirect evidence. The consistency results are shown in Figure
31.

The estimates of effect of the included interventions are similar to those in the analysis of any-quality
trials (Table 28). The change in the ranks and the rank uncertainty reflects the smaller set of
interventions and different effect estimates. PES, acupuncture, balneotherapy, sham acupuncture,
and muscle-strengthening exercise all showed a treatment benefit over standard care with the 95%
credible intervals not crossing the line of no effect, regardless of the adjunctive treatment. The 95%
credible intervals of the treatment effect of Tai Chi only marginally crossed the line of no effect.

Acupuncture with usual care showed a statistically significant treatment benefit over muscle-
strengthening exercise with usual treatment and sham acupuncture with usual care.
http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm

http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm


Figure 31: End of treatment analysis/higher-quality trials/therapy-plus-adjunct interventions set.
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The numbers represent the inconsistency value for the direct and indirect estimates for the relevant comparison. 1 indicates complete inconsistency and 0 represents no inconsistency.
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The thickness of the lines represents the number of trials making the comparison. The dotted lines represent comparisons in 3-arm trials for which there is data point in the analyses.
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Table 28: Reduction in pain compared to standard care/usual treatment: end of treatment analysis, therapy-plus-adjunct
intervention set, higher-quality studies only.

Comparator: Standard care/usual care (7 trials)

Treatment Trials SMD (95% CrI)
Median rank
(CrI) Treatment Trials SMD (95% CrI)

Median rank (CrI)

PES/UT
1

-1.70 (-2.52 to -0.88) 1 (1,5) Wei/UT
2

-0.59 (-1.24 to 0.04) 8 (3,12)

Acu/NoMed
1

-1.45 (-2.75 to -0.15) 2 (1,12) SC/UT+EX
5

-0.56 (-1.05 to -0.07) 8 (5,11)

Acu/UT
7

-1.07 (-1.38 to -0.75) 4 (2,7) Tai/UT
2

-0.55 (-1.15 to 0.03) 9 (3,12)

Bal/UT
1

-1.01 (-1.69 to -0.37) 4 (1,11) ExMu/UT
5

-0.51 (-0.84 to -0.17) 9 (5,12)

ExMu/UT+EX
1

-0.96 (-1.69 to -0.22) 4 (2,10) ExAe/UT
1

-0.46 (-1.17 to 0.25) 10 (4,13)

ShAcu/UT
4

-0.66 (-1.07 to -0.24) 7 (4,12) Wei/UT+EX
1

-0.43 (-1.14 to 0.28) 10 (4,13)

Data points: 23 Residual deviance: 23.39 % deviance difference: 1.6%  (between study standard deviation): 0.22 (95%CrI:0.01 to 0.49)

SMD Standardised mean difference; CrI Credible intervals. Results in order of mean treatment effectiveness
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6.3.2 Therapy-only interventions set

6.3.2.1 All studies (any-quality)

All 22 interventions formed part of a connected network with acupuncture and the evidence was
informed by 87 trials. The network is presented in Figure 32. Stable estimates were produced by the
model for the SMDs and for the between-study SD of the random effects distribution, . The mean
between-study SD across the comparisons was 0.43 SMD. There was evidence of a high level of
inconsistency for the treatment effect estimates involving PES. This suggests that there is a possibility
of bias or lack of exchangeability between the comparisons and hence the credible intervals of the
treatment effect for PES at least may be underestimated.

Table 29 and Figure 35 present the treatment effects compared with standard care in order of mean
effectiveness. The median effectiveness rank and the uncertainty in the rank are also presented. All of
the interventions apart from PEMF, placebo, NMES and no intervention had a mean estimate that
favoured the intervention. Interferential treatment, acupuncture, PES, TENS, aerobic exercise, and
muscle-strengthening exercise all showed a treatment benefit over standard care with the 95%
credible intervals not crossing the line of no effect. The 95% credible intervals for balneotherapy only
marginally crossed the line of no effect. Table 30 and figure 36 present the results for each
comparator versus acupuncture. The mean estimate favoured acupuncture for all comparisons apart
from with Interferential treatment and static magnets. Acupuncture was significantly better at reducing
pain than muscle-strengthening exercise, heat treatment, insoles, PEMF, NMES, placebo, and no
intervention at a 95% level of credibility.

A few treatment effects changed significantly when between the Therapy-plus-adjunct interventions
and Therapy-only Interventions networks, such as the treatment effect for insoles compared to
standard care. In this case the change occurred because extra trials made it into the network as
formerly disjointed networks became combined due to the broader definition of treatment groups. For
example, in the Therapy-plus-adjunct interventions set, the treatment effect (SMD) for insoles was -
1.06. This changed to -0.01 in the Therapy-only Intervention set, as two extra trials were incorporated.

Table 31 reports the results compared to standard care in terms of change in the WOMAC VAS 0-100
scale.

6.3.2.2 Sensitivity analysis: excluding extreme data

Four trials were excluded in a sensitivity analysis: two poor quality studies
81 124

on the basis of
extreme data, one study of satisfactory quality

34
on the basis that the population had more severe OA

of the knee, and one poor quality study
87

on the basis that the intervention was very different from all
the others in its class. In general, the results were not sensitive to these changes, although the model
fit improved as the percentage deviance difference reduced from 16% to 2.9%, and the between-
study standard deviation was reduced. The consistency results are reported in Figure 33. The
removal of the outliers affected the inconsistency values in some cases, but there was still strong
evidence of inconsistency for the PES, placebo and muscle-strengthening exercise evidence triangle,
suggesting that that particular inconsistency was not responsible for the difference in model fit. Table
29 presents the results versus standard care and Table 30 presents the results versus acupuncture.
The median effectiveness rank and the uncertainty in the rank are also presented. Acupuncture
remained more effective than sham acupuncture and muscle-strengthening exercise, but it was no
longer statistically significantly better.

6.3.2.3 Sensitivity analysis: Higher-quality trials only

When only higher-quality studies were included in a sensitivity analysis to evaluate the impact of
excluding poor quality studies, only 10 interventions formed part of a connected network with
acupuncture and the evidence was informed by 19 trials (see Tables 29 and 30). The network is
presented in Figure 34. Insoles, laser/light therapy and placebo comparators were not part of this
analysis, as they did not form part of a connected network with acupuncture (even though their trials
had adequate quality).
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Stable estimates were produced by the model for the SMDs and for the between-study SD of the
random effects distribution, . The mean between-study SD across the comparisons was 0.33 SMD, a
slightly higher estimate than in the analysis including poor quality studies which may reflect fewer
studies informing the estimate. The consistency results are presented in Figure 34. There was no
strong evidence of inconsistency. This may be due either to fewer studies in the analysis and
therefore lower power to identify inconsistency, or to the smaller number of evidence triangles in the
smaller networks. The lack of evidence of inconsistency in these cases does not necessarily mean
that the model accounts for all the differences in trial population and designs between different
comparisons.

The estimates of effectiveness of the included interventions are similar to those in the main analysis,
except PES and balneotherapy became more effective (and to a lesser extent acupuncture)
compared with standard care, and aerobic exercise and weight loss became less effective.

Table 29 and Figure 37 present the treatment effects compared with standard care in order of mean
effectiveness. The median effectiveness rank and the uncertainty in the rank is also presented. For
the interventions remaining, the mean estimates favoured the intervention compared with standard
care except for aerobic exercise and weight loss. PES, acupuncture, balneotherapy and muscle-
strengthening exercise all showed a treatment benefit over standard care with the 95% credible
intervals not crossing the line of no effect. The 95% credible intervals for sham acupuncture only
marginally crossed the line of no effect.

Table 30 and Figure 38 present the results for each comparator versus acupuncture. Apart from the
PES and balneotherapy comparisons, the mean estimate favoured acupuncture. Acupuncture was
statistically significantly better at a 95% level of credibility than sham acupuncture, muscle-
strengthening exercise, weight loss, aerobic exercise, and no intervention.

Table 31 reports the results compared to standard care in terms of change in the WOMAC VAS 0-100
scale.



Figure 32: End of treatment analysis, any-quality trials, therapy-only intervention set.
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The numbers represent the inconsistency value for the direct and indirect estimates for the relevant comparison. 1 indicates complete inconsistency and 0 represents no inconsistency.
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The thickness of the lines represents the number of trials making the comparison. The dotted lines represent comparisons in 3-arm trials for which there is data point in the analyses.



Figure 33: End of treatment analysis, any-quality trials (excluding outliers), therapy-only intervention set.
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The thickness of the lines represents the number of trials making the comparison. The dotted lines represent comparisons in 3-arm trials for which there is data point in the analyses.
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Figure 34: End of treatment analysis, higher-quality trials, therapy-only intervention set.
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Table 29: Change in pain compared to standard care: end of treatment analysis, therapy-only intervention set (main and sensitivity analyses).

Intervention

Main analysis: Trials of any-quality Sensitivity analysis (excluding extreme data) Sensitivity analysis: Higher-quality trials only

Trials SMD (95% Cr I) Median rank (CrI) Trials SMD (95% Cr I) Median rank (CrI) Trials SMD (95% Cr I) Median rank (CrI)

Standard care (comparator) 39 - - 17 (12,20) 36 - - 17 (13,20) 12 - -
8 (6,10)

Interferential (INT) 2 -1.06 (-2.05 to -0.07) 2 (1,14) 2 -1.11 (-2.02 to -0.21) 2 (1,12) N/A

Acupuncture (ACU) 18 -0.78 (-1.10 to -0.46) 3 (1,9) 17 -0.85 (-1.15 to -0.54) 3 (1,7) 8 -1.01 (-1.42 to -0.62)
2 (1,4)

Static magnets (MAG) 1 -0.78 (-1.92 to 0.36) 3 (1,20) 1 -0.87 (-1.88 to 0.14) 3 (1,18) N/A

PES (PES) 4 -0.70 (-1.35 to -0.05) 4 (1,14) 4 -0.77 (-1.34 to -0.19) 4 (1,12) 1 -1.57 (-2.56 to -0.57)
1 (1,4)

TENS (TENS) 11 -0.62 (-1.07 to -0.18) 6 (2,12) 10 -0.50 (-0.91 to -0.10) 7 (3,14) N/A

Aerobic exercise (AE EX) 5 -0.60 (-1.05 to -0.16) 6 (1,14) 4 -0.32 (-0.72 to 0.07) 11 (4,19) 1 0.12 (-0.61 to 0.85)
9 (4,10)

Balneotherapy (BAL) 8 -0.46 (-0.96 to 0.05) 8 (3,16) 8 -0.54 (-0.98 to -0.09) 7 (2,14) 1 -1.01 (-1.85 to -0.17)
2 (1,6)

Muscle exercise (MU EX) 25 -0.36 (-0.59 to -0.14) 10 (5,15) 24 -0.37 (-0.57 to -0.17) 10 (5,15) 8 -0.38 (-0.74 to -0.02)
5 (3,8)

Weight loss (WEI) 3 -0.36 (-0.89 to 0.16) 10 (2,19) 3 -0.29 (-0.74 to 0.16) 12 (4,20) 2 0.01 (-0.56 to 0.57)
8 (4,10)

Manual (MAN) 3 -0.30 (-0.91 to 0.32) 11 (2,20) 3 -0.33 (-0.87 to 0.22) 11 (3,20) N/A

Tai Chi (TAI) 3 -0.28 (-0.86 to 0.29) 12 (3,20) 2 -0.26 (-0.92 to 0.41) 12 (2,21) 2 -0.26 (-0.93 to 0.40)
6 (3,10)

Sham Acupuncture (SH ACU) 8 -0.26 (-0.73 to 0.21) 12 (4,20) 8 -0.33 (-0.75 to 0.10) 11 (4,19) 5 -0.47 (-0.98 to 0.05)
5 (3,8)

Laser (LAS) 3 -0.25 (-0.98 to 0.48) 12 (3,21) 3 -0.33 (-0.97 to 0.32) 11 (3,20) N/A

Ice/cooling (ICE) 3 -0.24 (-1.01 to 0.54) 12 (2,21) 3 -0.28 (-1.01 to 0.44) 12 (2,21) N/A

Braces (BRA) 1 -0.15 (-1.08 to 0.78) 14 (2,22) 1 -0.15 (-0.94 to 0.64) 14 (2,22) N/A

Heat treatment (HEA) 4 -0.04 (-0.66 to 0.57) 16 (6,21) 4 -0.06 (-0.60 to 0.49) 16 (7,21) N/A

Insoles (INS) 3 -0.01 (-0.72 to 0.69) 16 (5,22) 3 -0.07 (-0.69 to 0.54) 16 (6,21) N/A

PEMF (PEMF) 4 0.01 (-0.63 to 0.64) 17 (7,21) 4 -0.07 (-0.62 to 0.48) 16 (7,21) N/A

Placebo (PLA) 33 0.04 (-0.36 to 0.45) 17 (13,20) 32 -0.05 (-0.41 to 0.32) 17 (12,20) N/A

NMES (NMES) 1 0.46 (-0.64 to 1.55) 21 (5,22) 1 0.45 (-0.52 to 1.43) 21 (7,22) N/A

No intervention (NO INT) 4 0.59 (-0.03 to 1.22) 21 (17,22) 4 0.56 (0.01 to 1.13) 22 (18,22) 1 0.33 (-0.58 to 1.24)
10 (4,10)

Data points: 100 Residual deviance: 116 %dd: 16%
Between-study standard deviation: 0.43 (95% CrI:0.32 to 0.56)

Data points: 95 Residual deviance: 97.78 %dd: 2.9 %
Between-study standard deviation: 0.35 (95% CrI:0.25 to 0.47)

Data points: 23 Residual deviance: 22.83 %dd: -0.7%
Between-study standard deviation: 0.33 (95% CrI:0.15 to 0.60)

SMD Standardised mean difference; CrI Credible intervals; %dd % deviance difference. Results in order of mean treatment effectiveness
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Table 30: Change in pain compared to acupuncture: end of treatment analysis, therapy-only intervention set (main analysis and sensitivity
analyses)

Intervention Main analysis: Trials of any-quality Sensitivity analysis excluding extreme data Sensitivity analysis: Higher-quality trials

No.
Trials

SMD (95% Cr I) Median rank
(CrI)

No.
Trials

SMD (95% Cr I) Median rank
(CrI)

No.
Trials

SMD (95% Cr I) Median rank (CrI)

Acupuncture (comparator) 18 - -

3 (1,9)

17 - -

3 (1,7)

8 - -

2 (1,4)

Interferential (INT) 2 -0.28 (-1.31 to 0.75)

2 (1,14)

2 -0.26 (-1.20 to 0.68)

2 (1,12)

NA

Static magnets (MAG) 1 0.00 (-1.17 to 1.17) 3 (1,20) 1 -0.02 (-1.07 to 1.01) 3 (1,18) NA

PES (PES) 4 0.08 (-0.62 to 0.78) 4 (1,14) 4 0.08 (-0.55 to 0.71) 4 (1,12) 1 -0.56 (-1.61 to 0.50)

1 (1,4)

TENS (TENS) 11 0.16 (-0.35 to 0.67) 6 (2,12) 10 0.31 (-0.21 to 0.83) 7 (3,14) NA

Aerobic exercise (AE EX) 5 0.18 (-0.38 to 0.72) 6 (1,14) 4 0.34 (-0.13 to 0.81) 11 (4,19) 1 1.14 (0.30 to 1.97)

9 (4,10)

Balneotherapy (BAL) 8 0.32 (-0.25 to 0.90) 8 (3,16) 8 0.48 (0.12 to 0.83) 7 (2,14) 1 0.00 (-0.93 to 0.95)

2 (1,6)

Muscle exercise (MU EX) 24 0.42 (0.04 to 0.79) 10 (5,15) 24 0.52 (-0.17 to 1.21) 10 (5,15) 8 0.64 (0.13 to 1.15)

5 (3,8)

Weight loss (WEI) 3 0.42 (-0.21 to 1.04) 10 (2,19) 3 0.52 (-0.10 to 1.14) 12 (4,20) 2 1.02 (0.33 to 1.72)

8 (4,10)

Manual therapy (MAN) 3 0.48 (-0.21 to 1.17) 11 (2,20) 3 0.53 (0.03 to 1.02) 11 (3,20) NA

Tai Chi (TAI) 3 0.50 (-0.17 to 1.16) 12 (3,20) 3 0.59 (-0.14 to 1.32) 12 (2,21) 2 0.75 (-0.01 to 1.53)

6 (3,10)

Sham Acupuncture (SH ACU) 8 0.52 (0.15 to 0.89) 12 (4,20) 8 0.56 (-0.19 to 1.33) 11 (4,19) 5 0.55 (0.16 to 0.94)

5 (3,8)

Laser (LAS) 3 0.53 (-0.24 to 1.31) 12 (3,21) 3 0.56 (0.01 to 1.09) 11 (3,20) NA

Ice/cooling (ICE) 3 0.54 (-0.26 to 1.35) 12 (2,21) 3 0.52 (0.20 to 0.85) 12 (2,21) NA

Braces (BRA) 1 0.63 (-0.36 to 1.62) 14 (2,22) 1 0.70 (-0.16 to 1.54) 14 (2,22) NA

Heat treatment (HEA) 4 0.74 (0.07 to 1.41) 16 (6,21) 4 0.78 (0.11 to 1.43) 16 (7,21) NA

Insoles (INS) 3 0.77 (0.01 to 1.52) 16 (5,22) 3 0.78 (0.16 to 1.38) 16 (6,21) NA

Standard care (ST CARE) 39 0.78 (0.46 to 1.10) 17 (12,20) 37 0.80 (0.36 to 1.24) 17 (13,20) NA

8 (6,10)

PEMF (PEMF) 4 0.79 (0.10 to 1.47) 17 (7,21) 4 0.79 (0.18 to 1.39) 16 (7,21) 13 1.01 (0.62 to 1.42)

Placebo (PLA) 33 0.82 (0.34 to 1.30) 17 (13,20) 32 0.85 (0.54 to 1.15) 17 (12,20) NA

NMES (NMES) 1 1.24 (0.09 to 2.38) 21 (5,22) 1 1.30 (0.28 to 2.32) 21 (7,22) NA

No intervention (NO INT) 4 1.37 (0.69 to 2.05) 21 (17,22) 4 1.41 (0.79 to 2.04) 22 (18,22) 1 1.35 (0.37 to 2.33)

10 (4,10)

Data points: 100 Residual deviance: 116 %dd: 16%
Between-study standard deviation: 0.43 (95% CrI:0.32 to 0.56)

Data points: 95 Residual deviance: 97.78 %dd: 2.9%
Between-study standard deviation: 0.35 (95% CrI:0.25 to 0.47)

Data points: 23 Residual deviance: 22.83 %dd: -0.7%
Between-study standard deviation: 0.33 (95% CrI:0.15 to 0.60)

SMD Standardised mean difference; CrI Credible intervals; %dd % deviance difference. Results in order of mean effectiveness
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Table 31: WOMAC pain score difference results (back-transformed from SMDs) of
network meta-analyses for comparisons with standard care

Intervention Trials of any-quality Higher-quality trials
No. of
Trials

Change in WOMAC VAS 0-
100 pain (95% Cr I)

No. of
Trials

Change in WOMAC VAS 0-100
pain (95% Cr I)

Standard care (comparator) 39 - - 12 - -

Interferential therapy (INT) 2 -17.43 (-33.82 to -1.12) N/A

Acupuncture (ACU) 18 -12.87 (-18.19 to -7.52) 8 -16.69 (-23.42 to -10.26)

Static magnets (MAG) 1 -12.86 (-31.68 to 5.99) N/A

PES (PES) 4 -11.58 (-22.20 to -0.85) 1 -25.89 (-42.21 to -9.42)

TENS (TENS) 11 -10.25 (-17.69 to -2.91) N/A

Aerobic exercise (AE EX) 5 -9.83 (-17.38 to -2.66) 1 2.02 (-10.10 to 13.99)

Balneotherapy (BAL) 8 -7.55 (-15.89 to 0.84) 1 -16.65 (-30.52 to -2.75)

Muscle exercise (MU EX) 24 -6.00 (-9.69 to -2.34) 7 -6.21 (-12.27 to -0.33)

Weight loss (WEI) 3 -5.93 (-14.73 to 2.69) 2 0.15 (-9.24 to 9.40)

Manual therapy (MAN) 3 -4.89 (-15.07 to 5.29) N/A

Tai Chi (TAI) 3 -4.70 (-14.22 to 4.86) 2 -4.30 (-15.27 to 6.60)

Sham Acupuncture (SH ACU) 8 -4.30 (-11.97 to 3.45) 5 -7.67 (-16.19 to 0.75)

Laser therapy (LAS) 3 -4.09 (-16.18 to 7.94) N/A

Ice/cooling treatment (ICE) 3 -3.93 (-16.64 to 8.87) N/A

Braces (BRA) 1 -2.42 (-17.81 to 12.91)

Heat treatment (HEA) 4 -0.71 (-10.90 to 9.40) N/A

Insoles (INS) 3 -0.16 (-11.87 to 11.41) N/A

PEMF (PEMF) 4 0.13 (-10.35 to 10.56) N/A

Placebo (PLA) 33 0.69 (-6.00 to 7.36) N/A

NMES (NMES) 1 7.51 (-10.52 to 25.54) N/A

No intervention (NO INT) 4 9.71 (-0.51 to 20.05) 1 5.52 (-9.53 to 20.51)

6.3.3 Grouped interventions set

The network diagrams for the any-quality studies and for the higher-quality studies are given in
Figures 39 and 40). Due to the grouping of interventions under ‘Physiotherapy’ these networks
include some trials that were unable to be included in the Therapy-only intervention set network.
When only higher-quality studies were included, the changes to the direct and indirect evidence
available to estimate certain treatment effects resulted in changes to the treatment effect estimates
beyond that which would be expected given the credible intervals of the estimates. For example the
effect size for placebo vs. standard care switched from +0.07 (-0.30 to 0.45) for the any-quality
studies analysis to -1.72 (-2.91 to -0.54) for higher-quality studies analysis. This suggests that either
study quality had an effect on the outcome for at least one of the comparisons involving these
interventions or that there is a significant difference in treatment effect between treatments lumped
together. This raises suspicions about the results for a few treatment effects in the higher-quality
analysis. The data for the higher-quality analysis is presented in section 10.4.3 NMA Appendix Table
5. The benefit of a greater number of trials from including poor quality trials seems likely to outweigh
any potential bias associated with poor quality bias, and there is no evidence that poor quality trials as
defined in this study are biased. Furthermore, the results are plausible given the other analyses in this
study. The results of the analyses of any-quality studies are set out below and presented in Table 32.



Figure 39: End of treatment analysis/any-quality trials/grouped interventions set.
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comparison. The dotted lines represent comparisons in 3-arm trials for which there is data point in the analyses.
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Figure 40: End of treatment analysis/higher-quality trials/grouped interventions set.

6.3.3.1 All studies (any-quality)

All 13 interventions formed part of a connected network with acupuncture and the evidence was
informed by 86 trials. The network is presented in Figure 39. Stable estimates were produced by the
model for the SMDs and for the between-study SD of the random effects distribution, . The mean
between-study SD across the comparisons was 0.46 SMD. In the network of all studies (any-quality
trials) there was some evidence of inconsistency, but not complete inconsistency.

Table 32 presents the treatment effects compared with standard care in order of mean effectiveness.
The median effectiveness rank and the uncertainty in the rank are also presented. All of the mean
estimates favoured the intervention over standard care except for insoles, placebo and no
intervention. Acupuncture, muscle-strengthening exercise, aerobic exercise, physiotherapy treatments
and Tai Chi all showed a significant treatment benefit over standard care with the 95% credible
intervals not crossing the line of no effect.

The analysis found that as well as showing a significant treatment benefit over standard care,
acupuncture showing a significant treatment benefit over muscle-strengthening exercise (SMD -0.41,
95% CrI -0.80 to -0.02); insoles (SMD -0.78 , 95% CrI -1.53 to -0.01); and sham acupuncture (SMD -
0.52 , 95% CrI -0.91 to -0.14); as well as placebo (SMD -0.83, 95% CrI -1.30 to -0.37) and no
intervention (SMD -1.50, 95% CrI -2.21 to -0.81). Full results are given at
http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm
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The numbers represent the inconsistency value for the direct and indirect estimates for the relevant comparison. 1 indicates

complete inconsistency and 0 represents no inconsistency. The thickness of the lines represents the number of trials making the

comparison. The dotted lines represent comparisons in 3-arm trials for which there is data point in the analyses.

http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm
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Table 32: Change in pain compared to standard care: end of treatment analysis, grouped intervention set (all-quality trial analyses)

Number of Interventions 13
Number of trials 86

Mean between study SD 
(SMD)

0.46 (95%CrI:0.35 to 0.58)

Residual deviance (%dd) 112.7 (17.4%)
Number of data points 96
Results

Treatment
No.
trials SMD (95% CrI)

Median rank (CrI)

Acupuncture 18 -0.76 (-1.09 to -0.43) 1 (1,5)
Aerobic exercise 5 -0.61 (-1.09 to -0.15) 3 (1,8)
Balneotherapy 8 -0.43 (-0.93 to 0.07) 5 (1,10)
Weight loss 3 -0.36 (-0.92 to 0.19) 6 (1,12)
Physiotherapy
treatment 31 -0.35 (-0.70 to -0.01)

6 (2,9)

Muscle exercise 24 -0.35 (-0.58 to -0.12) 6 (3,9)
Tai Chi 3 -0.28 (-0.88 to 0.32) 7 (1,12)
Sham Acupuncture 8 -0.24 (-0.72 to 0.25) 7 (2,12)
Braces 1 -0.15 (-1.12 to 0.82) 8 (1,13)
Insoles 3 0.01 (-0.70 to 0.72) 10 (2,13)
Placebo 33 0.07 (-0.30 to 0.45) 11 (7,12)
No intervention 4 0.74 (0.12 to 1.37) 13 (11,13)
Standard care 39 0.00 10 (8,12)

SMD Standardised mean difference; CrI Credible intervals; %dd % deviance difference. Results in order of mean treatment effectiveness
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6.4 Pain - 3 months from the start of treatment
There were 75 trials with data that could be used in the 3 months from start of treatment analyses.
The number of trials actually included in each analysis depended on how many of them formed part of
a connected network with acupuncture.

There was considerable variation in the average treatment duration and the follow up time to the time
point included in the analysis across the main interventions (see Appendix 10.4.3 Figure 2). In the
Therapy-plus-adjunct interventions network of any-quality trials, for 42 out of 67 trials (63%) the 3
months from the start of treatment time point was the same as the end of treatment time point.

6.4.1 Analyses of the three networks: therapy-plus-adjunct intervention; therapy-
only intervention; and grouped intervention

Details of the networks are given in Figures 41-46. Details of the analysis and results for all three
levels of networks (Therapy-plus-adjunct Intervention, Therapy-only Intervention, and Grouped
Intervention) using any-quality trials and the sensitivity analyses including only higher-quality trials are
presented in Tables 33 and 34.

Across all three networks the analyses of all trials found consistent evidence of a significant beneficial
effect of acupuncture, muscle-strengthening exercise and aerobic exercise over standard care.
Across the Therapy-plus-adjunct Intervention and Therapy-only Intervention networks the analyses of
all trials also provided evidence for a beneficial effect of interferential therapy, PES and
balneotherapy. The beneficial effects of insoles and PEMF in the Therapy-plus-adjunct Intervention
network, were not supported by the results from the other networks.

The sensitivity analyses which included only higher-quality trials generally reflected the main
analyses, with the results for acupuncture remaining consistent across all analyses.

There was evidence from the Therapy-plus-adjunct and Therapy-only interventions networks that
acupuncture was significantly better at reducing pain than muscle-strengthening exercise, heat
treatment, insoles, PEMF, NMES, placebo, and no intervention at a 95% level of credibility. When
several interventions, including PEMF and NMES, were grouped into the physiotherapy category,
acupuncture did not show a statistically significant treatment effect over physiotherapy treatments at a
95% level of credibility. When only higher-quality studies were included, there was only one trial
informing the physiotherapy estimate versus standard care. Full results are available
http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm

In general the results of the analysis of the 3 month from start of treatment end point reflect those
from the equivalent End of Treatment analyses. In particular the results for acupuncture are
consistent across the two time points. This is not surprising given that in many cases the two time
points were the same.

http://www.york.ac.uk/inst/crd/Documents/FullResultsPain.xlsm
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Figure 41: Three months from start of treatment analysis/all quality trials/therapy-plus-adjunct interventions set.
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Figure 42: Three months from start of treatment analysis/higher-quality trials/therapy-plus-adjunct interventions set.
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Figure 43: Three months from start of treatment analysis, any-quality trials, therapy-only intervention set.
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point in the analyses.



Figure 44: Three months from start of treatment analysis, higher-quality trials, therapy-only intervention set.
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Figure 45: Three months from start of treatment analysis/any-quality trials/grouped interve
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Figure 46: Three months from start of treatment analysis/higher-quality trials/grouped interventions set.
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Table 33: Change in pain compared to standard care: three months from start of treatment, all networks, any-quality analyses
Therapy-plus-adjunct Intervention Therapy-only intervention Grouped Intervention

Number of
Intervention

31 21 13

Number of
trials

64 74 73

Mean
between
study SD 
(SMD)

0.23 (95%CrI:0.12 to 0.36) 0.40 (95%CrI:0.29 to 0.53) 0.44 (95%CrI:0.33 to 0.58)

Residual
deviance
(%dd)

76.91 (2.5%) 97.15 (17%) 95.39 (17.8%)

Number of
data points

75 83 81

Results

Treatment
No.
trials SMD (95% CrI)

Median
rank
(CrI) Treatment

No.
trials SMD (95% CrI)

Median
rank
(CrI) Treatment

No.
trials SMD (95% CrI)

Median
rank
(CrI)

ExAe/NoMed (1)
-

4.28
(-5.78 to -
2.76) 1 (1,2) Interferential (2)

-
1.45

(-2.42 to -
0.47) 1 (1,8) Acupuncture (14)

-
0.80

(-1.15 to -
0.44) 1 (1,6)

Int/UT (1)
-

2.30
(-4.12 to -
0.49) 2 (1,16) PES (3)

-
1.16

(-1.86 to -
0.48) 2 (1,8) Aerobic exercise (5)

-
0.60

(-1.07 to -
0.16)

3
(1,10)

Ins/UT (1)
-

1.46
(-2.46 to -
0.46) 4 (2,17) Acupuncture (14)

-
0.80

(-1.13 to -
0.46) 4 (2,10) Sham Acupuncture (6)

-
0.48

(-0.99 to
0.04)

5
(1,11)

PES/UT (3)
-

1.31
(-1.89 to -
0.73) 5 (2,11)

Ice/cooling
treatment (1)

-
0.69

(-2.00 to
0.60) 6 (1,21) Balneotherapy (9)

-
0.43

(-0.89 to
0.05)

5
(1,11)

PEMF/UT (3)
-

1.14
(-1.78 to -
0.50) 6 (3,15) PEMF (4)

-
0.59

(-1.27 to
0.07) 7 (2,17)

Physiotherapy
treatment (4)

-
0.40

(-0.81 to
0.00)

6
(2,10)

SC/UT+AN (1)
-

1.13
(-1.95 to -
0.30) 6 (2,22)

Aerobic
exercise (5)

-
0.58

(-1.01 to -
0.17) 7 (2,16) Muscle exercise (23)

-
0.36

(-0.59 to -
0.14)

7
(3,10)

Ice/UT (1)
-

0.98
(-2.16 to
0.21) 8 (2,28) Balneotherapy (9)

-
0.51

(-0.99 to -
0.04) 8 (3,16) Weight loss (3)

-
0.36

(-0.90 to
0.18)

7
(1,12)

Acu/UT (11)
-

0.96
(-1.24 to -
0.69) 8 (4,14)

Sham
Acupuncture (6)

-
0.48

(-0.97 to
0.00) 9 (3,18) Insoles (3)

-
0.29

(-1.03 to
0.44)

8
(1,13)

Acu/NoMed (2)
-

0.94
(-1.89 to
0.03) 9 (2,27) Insoles (3)

-
0.40

(-1.14 to
0.31) 11 (3,19) Tai Chi (3)

-
0.28

(-0.88 to
0.31)

8
(1,12)

Bal/UT (6)
-

0.85
(-1.33 to -
0.36)

10
(5,19) Muscle exercise (23)

-
0.40

(-0.61 to -
0.18) 11 (6,16) Placebo (25)

-
0.24

(-0.67 to
0.20)

9
(4,12)

ShAcu/UT (5)
-

0.82
(-1.21 to -
0.42)

11
(5,20) Placebo (25)

-
0.36

(-0.83 to
0.11) 12 (6,17) Braces (1)

-
0.15

(-1.11 to
0.81)

10
(1,13)

ExMu/UT+EX (2)
-

0.65
(-1.17 to -
0.13)

14
(6,24) Weight loss (3)

-
0.35

(-0.86 to
0.14) 12 (4,19) No intervention (3) 0.46

(-0.23 to
1.18)

13
(9,13)

P/UT (17)
-

0.62
(-1.09 to
0.14)

14
(9,24) TENS (5)

-
0.34

(-0.96 to
0.28) 12 (4,19)

TENS/UT (3)
-

0.54
(-1.21 to -
0.12)

16
(7,28) Tai Chi (3)

-
0.28

(-0.83 to
0.26) 13 (4,20) Standard care (38) 0.00

11
(8,13)
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Therapy-plus-adjunct Intervention Therapy-only intervention Grouped Intervention

Las/UT (1)
-

0.53
(-1.45 to
0.10)

17
(5,30) Manual (1)

-
0.24

(-1.40 to
0.92) 14 (1,21)

ExAe/UT (4)
-

0.49
(-0.89 to -
0.09)

17
(10,25) Braces (1)

-
0.15

(-1.03 to
0.73) 15 (3,21)

Wei/UT+EX (2)
-

0.46
(-1.00 to
0.06)

18
(8,27) Laser (3)

-
0.14

(-0.88 to
0.59) 16 (5,21)

Wei/UT (2)
-

0.45
(-0.97 to
0.05)

18
(9,27) Heat treatment (4)

-
0.11

(-0.74 to
0.51) 16 (6,21)

ExMu/UT (19)
-

0.44
(-0.62 to -
0.26)

19
(13,24) No intervention (3) 0.21

(-0.47 to
0.91)

19
(10,21)

NoTr/UT (1)
-

0.44
(-1.86 to
0.98)

19
(3,31) NMES (1) 0.46

(-0.59 to
1.50) 21 (7,21)

Bra/UT (1)
-

0.39
(-1.07 to
0.30)

20
(7,29)

Tai/UT (3)
-

0.35
(-0.75 to
0.05)

21
(11,28) Standard care (38) 0.00

17
(13,20)

Hea/UT (4)
-

0.29
(-0.84 to
0.27)

22
(12,29)

Bal/UT+EX (2)
-

0.27
(-0.89 to
0.35)

23
(10,29)

Man/UT (1)
-

0.27
(-1.26 to
0.73)

23
(5,31)

SC/UT+EX (13)
-

0.24
(-0.55 to
0.08)

23
(18,27)

P/UT+EX (2) 0.16
(-0.8 to
1.12)

28
(12,31)

TENS/NoMed (1) 0.19
(-1.29 to
1.68)

28
(5,31)

NMES/UT+EX (1) 0.22
(-0.68 to
1.12)

29
(14,31)

Las/UT+EX (1) 0.38
(-0.79 to
1.54)

30
(12,31)

SC/UT (24) 0.00
27
(23,30)

SMD Standardised mean difference; CrI Credible intervals; %dd % deviance difference. Results in order of mean treatment effectiveness For other abbreviations see Table 3



124

Table 34: Change in pain compared to standard care: three months from start of treatment, all networks, higher-quality studies analyses
Therapy-plus-adjunct Intervention Therapy-only intervention

Number of
Intervention

13 10

Number of
trials

17 17

Mean
between
study SD 
(SMD)

0.31 (95%CrI:0.03 to 0.63) 0.42 (95%CrI:0.20 to 0.77)

Residual
deviance
(%dd)

22.94 (9.2%) 21.33 (6.7%)

Number of
data points

21 20

Results Treatment
No.

trials
SMD (95% CrI)

Median
rank (CrI)

Treatment
No.
trials

SMD (95% CrI) Median rank (CrI)

PES/UT (1) -1.71 (-2.69 to -0.80) 1 (1,5) PES (1) -1.66 (-2.84 to -0.50) 1 (1,5)

Acu/NoMed (1) -1.43 (-2.75 to -0.06) 2 (1,12) Balneotherapy (1) -1.14 (-2.15 to -0.12) 2 (1,7)

Bal/UT (1) -1.13 (-1.91 to -0.37) 3 (1,10) Acupuncture (7) -0.96 (-1.45 to -0.48) 3 (1,5)

Acu/UT (6) -0.97 (-1.36 to -0.58) 4 (2,8)
Sham
Acupuncture

(4) -0.67 (-1.31 to -0.03) 5 (2,8)

ShAcu/UT (3) -0.92 (-1.44 to -0.40) 5 (2,10) No intervention (1) -0.56 (-1.66 to 0.52) 5 (1,10)

ExMu/UT+EX (1) -0.76 (-1.7 to 0.14) 6 (2,12) Muscle exercise (7) -0.48 (-0.92 to -0.06) 6 (3,8)

ExMu/UT (5) -0.52 (-0.95 to 0.17) 8 (4,12) Tai Chi (1) -0.20 (-1.28 to 0.88) 7 (2,10)

Tai/UT (2) -0.44 (-1.14 to 0.23) 8 (4,13) Weight loss (2) 0.00 (-0.70 to 0.69) 8 (4,10)

Wei/UT (2) -0.40 (-1.22 to 0.37) 9 (4,13) Aerobic exercise (1) 0.12 (-0.79 to 1.01) 9 (4,10)

SC/UT+EX (7) -0.37 (-0.98 to 0.21) 9 (6,12)

ExAe/UT (2) -0.27 (-1.18 to 0.60) 11 (4,13)

Wei/UT+EX (1) -0.24 (-1.16 to 0.63) 11 (4,13)

SC/UT (10) 0.00 13 (8,13) Standard care (12) 0.00 8 (6,10)

SMD Standardised mean difference; CrI Credible intervals; %dd % deviance difference. Results in order of mean treatment effectiveness For other abbreviations see Table 3
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6.5 Pain - 3 months from the end of treatment time point
Although there were 21 trials with data available for this time point, no networks could be formed
including acupuncture for the Therapy-plus-adjunct, the Therapy-only or the Grouped intervention set
networks. There were two trials including acupuncture that reported an outcome at this time point and
sham acupuncture was the comparator in both trials.

6.6 Summary of pain results
The main results are those for the end of treatment time point. There was no great difference in the
results between the end of treatment analysis and the 3 months from start of treatment analysis.
There was no network for the 3 months from the end of treatment analysis.

Overall, across all the analyses including any-quality studies, for most interventions the mean
estimate of effectiveness favoured the intervention over standard care. However, the 95% credible
intervals were wide and many crossed the line of no effect, i.e. they can be considered to be not
statistically significant. There was overlap between the majority of credible intervals for both the mean
effects and for the median ranks, indicating that caution must be exercised when interpreting these
results in terms of which are ‘best’.

A high level of inconsistency across the direct and indirect evidence was found for the treatment
comparisons involving PES in both the Therapy-plus-adjunct and Therapy-only intervention set
analyses, which suggests that there is bias or lack of exchangeability across the associated
comparisons, and therefore the credibility interval estimates for PES may be underestimated. This
implication may hold true for analyses including higher-quality trials only even though inconsistency
for comparisons involving PES could not be evaluated due to a lack of triangles of evidence.

The results of the analyses of the Therapy-plus-adjunct intervention set provided no indication of a
treatment effect difference between the majority of adjuncts. This suggests a lack of power in
distinguishing between these treatment effects. Aerobic exercise with no medication was more
effective than aerobic exercise with treatment as usual, but this lacks face validity. The analysis of
any-quality studies for this set, found that PES, acupuncture, balneotherapy, sham acupuncture,
laser/light treatment, static magnets and Tai Chi all showed a statistically significant treatment benefit
over standard care, regardless of the adjunctive treatment. The sensitivity analysis of just higher-
quality trials, showed a statistically significant treatment benefit over standard care for PES,
acupuncture, balneotherapy, sham acupuncture, and muscle-strengthening regardless of the
adjunctive treatment.

The results for the Therapy-only set (any-quality trials), found interferential therapy, acupuncture,
PES, TENS, aerobic exercise, and muscle-strengthening exercise to have a statistically significant
treatment benefit over standard care. The results of the sensitivity analysis (higher-quality trials only)
generally reflected those of the main analysis except the credible intervals for aerobic exercise now
crossed the line of no effect, the effect of balneotherapy became significant, and there were no
higher-quality trials of interferential therapy. When acupuncture was compared with the other
interventions in higher-quality trials it was found to be statistically significantly better at a 95% level of
credibility than sham acupuncture, muscle-strengthening exercise, weight loss, aerobic exercise, and
no intervention. Acupuncture’s median rank was 2 (95% credible intervals 1-4).

The results for the Grouped interventions set (any-quality trials) found that acupuncture, muscle-
strengthening exercise, aerobic exercise, physiotherapy treatments and Tai Chi all showed a
significant treatment benefit over standard care, and acupuncture showed a significant treatment
benefit over muscle-strengthening exercise, insoles, and sham acupuncture, as well as placebo and
no intervention.

The results for acupuncture versus standard care across all the networks are collated in Table 35 and
show a reasonable consistency.
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Table 35: Summary of acupuncture versus standard care across all analyses (pain)
Analysis SMD CrI
End of Treatment Therapy-plus-adjunct Any Quality -1.03 (-1.34 to -0.72)
End of Treatment Therapy-plus-adjunct Higher Quality -1.07 (-1.38 to -0.75)
End of Treatment Therapy-only Any Quality -0.78 (-1.10 to -0.46)
End of Treatment Therapy-only Higher Quality -1.01 (-1.42 to -0.62)
End of Treatment Grouped Any Quality -0.76 (-1.09 to -0.43)
End of Treatment Grouped Higher Quality -1.01 (-1.40 to -0.64)

3 months from Start of Treatment Therapy-plus-adjunct Any Quality -0.96 (-1.24 to -0.69)
3 months from Start of Treatment Therapy-plus-adjunct Higher Quality -0.97 (-1.37 to -0.58)
3 months from Start of Treatment Therapy-plus-adjunct Any Quality -0.80 (-1.13 to -0.46)
3 months from Start of Treatment Therapy-plus-adjunct Higher Quality -0.96 (-1.45 to -0.48)
3 months from Start of Treatment Grouped Any Quality -0.79 (-1.15 to -0.44)
3 months from Start of Treatment Grouped Higher Quality -0.96 (-1.39 to -0.54)

6.7 WOMAC index – all outcome time points
There were few studies and few interventions included in a connected network for the analyses with a
WOMAC index outcome. Details of the networks are given in Appendix 10.4.2. Details of the analysis
and results for all three levels of networks (Therapy-plus-adjunct Intervention, Therapy-only
Intervention, and Grouped Intervention), using all quality trials and the sensitivity analyses including
only higher-quality trials are presented in Tables 37-40. No results are presented for the sensitivity
analyses with higher-quality studies only for the Therapy-plus-adjunct intervention set since no stable
between-study standard deviation was estimated. Most of the results presented here are compared to
standard care. The full results are available at:
http://www.york.ac.uk/inst/crd/Documents/FullResultsWOMAC.xlsm

Across the analyses of all available trials the results consistently indicate that acupuncture compared
to standard care has a beneficial effect on the WOMAC index (mean SMD around -1.0) which is
statistically significant (Tables 36-40). For other treatments a statistically significant beneficial effect
could be demonstrated only in the Therapy-plus-adjunct Interventions analyses: weight loss, muscle
strengthening exercise and Tai Chi (Tai Chi was only statistically significant at the end of treatment
time point). Standard care plus home exercise was also found to have a beneficial effect on the
WOMAC index.

The sensitivity analysis including only higher-quality trials included only acupuncture, muscle
strengthening exercise, sham acupuncture and Tai Chi. Stable estimates could not be generated from
the model for the sensitivity analysis 3 months post start of treatment. Also for three other sensitivity
analyses models, the estimate for the between-study SD of the random effects distribution was
sensitivive to the upper limit of the prior distribution for the between-study SD. Stable estimates were
obtained at the increased upper limits of the prior distribution for the SD (from 2 until 12/40,
depending on the analysis).

The results were consistent across the Therapy-only Intervention and Grouped intervention networks
and across the time points and mean estimates of effect were similar to those from the any-quality
analyses, but the results were no longer statistically significant (at the 95% level of credibility).

For the end of treatment analyses, the mean estimate of effectiveness consistently favoured
acupuncture over muscle-strengthening exercise, Tai Chi, heat treatment and sham acupuncture, but
there was no consistent evidence that acupuncture was statistically significantly more effective than
any of the other main interventions at a 95% level of credibility. Full results are available at:
http://www.york.ac.uk/inst/crd/Documents/FullResultsWOMAC.xlsm

For the 3 months from the end of treatment analyses, the mean estimate of effectiveness favoured
acupuncture versus all the other interventions included in all of the analyses, except for weight loss in
the Therapy-plus-adjunct Intervention set with any-quality studies. There was consistent evidence for
the Therapy-only and Grouped intervention sets that acupuncture was more effective than sham
acupuncture. For the Grouped intervention set, acupuncture was significantly more effective than
physiotherapy treatments, balneotherapy and placebo. For the Therapy-only intervention set,
acupuncture was more effective than heat treatment, one of the physiotherapy interventions. These

http://www.york.ac.uk/inst/crd/Documents/FullResultsWOMAC.xlsm
http://www.york.ac.uk/inst/crd/Documents/FullResultsWOMAC.xlsm
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results were not reproduced in the higher-quality studies only sensitivity analyses due to low power to
estimate treatment effect differences. Full results are available at:
http://www.york.ac.uk/inst/crd/Documents/FullResultsWOMAC.xlsm

Table 36: Summary of acupuncture versus standard care across all analyses (WOMAC Index)
Analysis SMD CrI
End of Treatment Therapy-plus-adjunct Any Quality -1.17 (-1.59 to -0.75)
End of Treatment Therapy-plus-adjunct Higher Quality -1.13 (-2.07 to -0.18)
End of Treatment Therapy-plus-adjunct Any Quality -1.01 (-1.78 to -0.24)
End of Treatment Therapy-plus-adjunct Higher Quality -0.97 (-2.03 to 0.09)
End of Treatment Grouped Any Quality -1.02 (-1.72 to -0.31)
End of Treatment Grouped Higher Quality -0.97 (-2.02 to 0.10)

3 months from Start of Treatment Therapy-plus-adjunct Any Quality -1.12 (-1.45 to -0.75)
3 months from Start of Treatment Therapy-plus-adjunct Higher Quality -1.21 (-2.63 to 0.16)
3 months from Start of Treatment Therapy-plus-adjunct Any Quality -0.97 (-1.35 to -0.56)
3 months from Start of Treatment Therapy-plus-adjunct Higher Quality -0.97 (-1.93 to 0.03)
3 months from Start of Treatment Grouped Any Quality -0.97 (-1.33 to -0.59)
3 months from Start of Treatment Grouped Higher Quality -0.97 (-1.93 to 0.03)

http://www.york.ac.uk/inst/crd/Documents/FullResultsWOMAC.xlsm
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Table 37: Change in WOMAC index compared to standard care: end of treatment, all networks, any-quality studies analyses

Therapy-plus-adjunct Intervention Therapy-only intervention Grouped Intervention
Number of
Intervention

9 12 10

Number of trials 11 17 17
Mean between
study SD  (SMD)

0.29 (95%CrI:0.01 to 0.90) 0.87 (95%CrI:0.48 to 1.54) 0.79 (95%CrI:0.45 to 1.34)

Residual deviance
(%dd)

14.38 (2.7%) 19.92 (-0.4%) 19.83 (-0.9%

Number of data
points

14 20 20

Results

Treatment
No.
trials SMD (95% CrI)

Median rank
(CrI)

Treatment
No.
trials SMD (95% CrI)

Median
rank
(CrI) Treatment

No.
trials SMD (95% CrI)

Median
rank
(CrI)

Wei/UT (1)
-

1.61 (-2.79 to -0.42) 1 (1,6) Insoles (1)
-

1.30 (-4.85 to 2.21) 3 (1,12) Acupuncture (8)
-

1.02 (-1.72 to -0.31) 3 (1,7)

Acu/UT (6)
-

1.17 (-1.59 to -0.74) 3 (1,6) PES (1)
-

1.13 (-4.60 to 2.34) 4 (1,12)
Muscle str.
exercise (2)

-
0.90 (-2.28 to 0.42) 3 (1,8)

ExMu/UT (2)
-

1.14 (-2.14 to -0.16) 3 (1,7) TENS (2)
-

1.07 (-3.30 to 1.15) 4 (1,11) Weight loss (1)
-

0.78 (-2.49 to 0.94) 4 (1,10)

Acu/NoMed (1)
-

0.88 (-2.50 to 0.77) 5 (1,9) Acupuncture (8)
-

1.01 (-1.78 to -0.22) 4 (1,9) Insoles (1)
-

0.75 (-3.49 to 1.90) 4 (1,10)

SC/UT+EX (3)
-
0.83 (-1.59 to -0.04) 5 (2,8) Placebo (5)

-
0.85 (-3.81 to 2.04) 5 (2,11)

Physiotherapy
treatment (4)

-
0.54 (-2.15 to 1.00) 5 (1,9)

Tai/UT (3)
-

0.71 (-1.42 to -0.01) 6 (2,8) Weight loss (1)
-

0.78 (-2.69 to 1.11) 6 (1,12) Placebo (5)
-

0.30 (-2.35 to 1.66) 6 (1,9)

ShAcu/UT (2)
-

0.53 (-1.17 to 0.26) 7 (3,9) Muscle str.exercise (2)
-

0.65 (-2.34 to 1.04) 6 (1,11) Tai Chi (2)
-

0.24 (-1.48 to 1.00) 6 (1,10)

Hea/UT (1)
-

0.44 (-1.82 to 0.92) 7 (2,9) Tai Chi (2)
-

0.24 (-1.62 to 1.14) 8 (2,12) Sham Acupuncture (3)
-

0.17 (-1.27 to 0.97) 7 (2,10)

Sham Acupuncture (3)
-

0.15 (-1.37 to 1.08) 8 (2,12) Balneotherapy (2) 0.48 (-1.90 to 2.79) 10 (2,10)

Balneotherapy (2)
-

0.06 (-3.29 to 3.16) 9 (2,12)
Heat treatment (1) 0.05 (-2.51 to 2.62) 9 (1,12)

SC/UT (6) 0.00 9 (7,9) Standard care (9) 9 (4,12) Standard care (9) 8 (4,10)
SMD Standardised mean difference; CrI Credible intervals; %dd % deviance difference. For other abbreviations see Table 3 Results in order of mean treatment effectiveness
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Table 38: Change in WOMAC Index compared to standard care: End of Treatment, All networks, Higher-quality studies analyses

Therapy-plus-adjunct Intervention Therapy-only intervention Grouped Intervention
Number of
Intervention

6 5 5

Number of
trials

5 6 6

Mean
between study
SD  (SMD)

The estimate for the between study SD of the random
effects distribution increased as the upper limit of the
prior distribution for the between study SD increased
from 2 until 15. The increase in the between-study SD
was 12% over this range. The results reported here
are for a prior upper limit of 15.

0.81 (95%CrI:0.27 to 2.27)

The estimate for the between study SD of the random
effects distribution increased as the upper limit of the
prior distribution for the between study SD increased
from 2 until 12. The increase in the between-study SD
was 12% over this range. The results reported here
are for a prior upper limit of 12.

0.81 (95%CrI:0.26 to 2.29)
Residual
deviance
(%dd)

8.05 (0.6%) (for a prior upper limit of 15) 8.06 (0.8%) (for a prior upper limit of 12)

Number of
data points

8 (for a prior upper limit of 15) 8 (for a prior upper limit of 12)

Results
Treatment

No.
trials SMD (95% CrI)

Median
rank (CrI) Treatment

No.
trials SMD (95% CrI)

Median
rank (CrI) Treatment

No.
trials SMD (95% CrI)

Median rank
(CrI)

Acu/UT (3) Acupuncture (4) -0.97 (-2.07 to 0.14) 1 (1,4) Acupuncture (4) -0.97 (-2.07 to 0.14) 1 (1,4)

ExMu/UT (1)
Muscle str.
exercise (1) -0.60 (-2.42 to 1.16) 2 (1,5)

Muscle str.
exercise (1) -0.60 (-2.41 to 1.19) 2 (1,5)

SC/UT+EX (2) Sham Acupuncture (2) -0.31 (-1.81 to 1.18) 3 (1,5) Sham Acupuncture (2) -0.31 (-1.82 to 1.21) 3 (1,5)
ShAcu/UT (1) Tai Chi (2) -0.24 (-1.64 to 1.16) 3 (1,5) Tai Chi (2) -0.24 (-1.63 to 1.18) 3 (1,5)
Tai/UT (2)
SC/UT (3) Standard care (5) 0.00 4 (2,5) Standard care (5) 0.00 4 (2,5)

No results are presented for the sensitivity analysis with higher-quality studies only for the Therapy-plus-adjunct intervention set since no stable between-study standard deviation was estimated.

SMD Standardised mean difference; CrI Credible intervals; %dd % deviance difference. For other abbreviations see Table 3 Results in order of mean treatment effectiveness
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Table 39: Change in WOMAC index compared to standard care: three months from start of treatment, all networks, any-quality studies analyses

Therapy-plus-adjunct Intervention Therapy-only intervention Grouped Intervention
Number of
Intervention

10 13 10

Number of trials 12 19 19
Mean between
study SD 
(SMD)

0.23 (95%CrI:0.01 to 0.71) 0.38 (95%CrI:0.14 to 0.74) 0.35 (95%CrI:0.13 to 0.65)

Residual
deviance

14.19 (-5.4%) 21.43 (-2.6%) 21.34 (-3%)

Number of data
points

15 22 22

Results
Treatment

No.
trials SMD (95% CrI)

Median
rank (CrI) Treatment

No.
trials SMD (95% CrI)

Median
rank (CrI) Treatment

No.
trials SMD (95% CrI)

Median
rank (CrI)

Wei/UT (1) -1.48 (-2.47 to -0.45) 1 (1,5) Acupuncture (8) -0.97
(-1.35 to -
0.56) 2 (1,8) Acupuncture (8) -0.97

(-1.33 to -
0.59) 1 (1,3)

Acu/UT (6) -1.12 (-1.45 to -0.74) 2 (1,5) Laser (1) -0.86 (-2.96 to 1.27) 3 (1,11) Weight loss (1) -0.77 (-1.67 to 0.12) 2 (1,7)

ExMu/UT (2) -0.93 (-1.78 to -0.07) 3 (1,8) Weight loss (1) -0.78 (-1.73 to 0.17) 4 (1,11)
Muscle str.
exercise (3) -0.43 (-1.01 to 0.09) 3 (1,6)

SC/UT+EX (3) -0.71 (-1.35 to -0.02) 5 (2,8) Insoles (1) -0.52 (-2.69 to 1.69) 5 (1,13)
Sham
Acupuncture (3) -0.25 (-0.82 to 0.37) 4 (2,9)

Wei/UT (1) -0.61 (-1.16 to 0.07) 6 (2,9)
Muscle str.
exercise (3) -0.35 (-0.98 to 0.23) 7 (2,12) Tai Chi (2) -0.24 (-0.93 to 0.45) 4 (2,9)

Tai/UT (3) -0.56 (-1.17 to 0.09) 6 (2,9) PES (1) -0.34 (-2.47 to 1.81) 7 (1,13)
Physiotherapy
treatment (5) 0.48 (-0.48 to 1.36) 7 (4,9)

Acu/NoMed (1) -0.54 (-2.09 to 0.94) 6 (1,10) TENS (2) -0.32 (-1.89 to 1.28) 7 (2,12) Insoles (1) 0.51 (-1.04 to 1.96) 8 (2,10)
ExMu/NoM
ed (1) -0.28 (-0.93 to 0.38) 8 (3,10)

Balneotherap
y (2) -0.26 (-2.27 to 1.78) 8 (2,13) Balneotherapy (2) 0.76 (-0.54 to 1.97) 9 (4,10)

Hea/UT (1) 0.25 (-0.94 to 1.46) 10 (5,10) Tai Chi (2) -0.24 (-0.96 to 0.48) 8 (2,12) Placebo (6) 0.95 (-0.16 to 1.98) 10 (7,10)
Sham
Acupuncture (3) -0.24 (-0.85 to 0.41) 8 (2,12)
Placebo (6) -0.06 (-1.95 to 1.86) 9 (4,13)
Heat
treatment (1) 0.82 (-0.38 to 1.98) 13 (6,13)

SC/UT (7) 0.00 9 (7,10) Standard care (3) 0.00 10 (5,12) Standard care (10) 0.00 6 (4,9)
SMD Standardised mean difference; CrI Credible intervals; %dd % deviance difference. For other abbreviations see Table 3 Results in order of mean treatment effectiveness
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Table 40: Reduction in WOMAC index compared to standard care: three months from start of treatment, all networks, higher-quality studies
analyses

Therapy-plus-adjunct Intervention Therapy-only intervention Grouped Intervention
Number of
Intervention

7 5 5

Number of
trials

5 6 6

Mean
between
study SD 
(SMD)

Stable estimates were produced by the model
for the standardised mean differences but not
for the between study SD of the random
effects distribution . The results are not
presented.

0.76 (95%CrI:0.24 to 2.16) The estimate for the between study SD of the random
effects distribution increased as the upper limit of the
prior distribution for the between study SD increased
from 2 until 30. The increase in the between-study SD
was 11% over this range. The results reported here are
for a prior upper limit of 30.

0.76 (95%CrI:0.24 to 2.16)
Residual
deviance
(%dd)

8.26 (3.3%) 8.26 (3.3%) (for a prior upper limit of 30)

Number of
data points

8 8 (for a prior upper limit of 30)

Results

Treatment
No.
trials SMD (95% CrI)

Median
rank
(CrI) Treatment

No.
trials SMD (95% CrI)

Median
rank (CrI)

Treatment
No.
trials SMD (95% CrI)

Median rank
(CrI)

Acu/UT (3) Acupuncture (4) -0.97 (-1.97 to 0.08) 1 (1,4) Acupuncture (4) -0.97 (-1.97 to 0.07) 1 (1,3)

ExMu/UT (1)
Muscle str.
exercise (2) -0.38 (-1.65 to 0.87) 3 (1,5)

Muscle str.
exercise (2) -0.38 (-1.64 to 0.86) 3 (1,5)

Tai/UT (1)
Sham
Acupuncture (2) -0.31 (-1.71 to 1.13) 3 (1,5)

Sham
Acupuncture (2) -0.31 (-1.71 to 1.13) 3 (1,5)

SC/UT+EX (2) Tai Chi (1) -0.09 (-1.99 to 1.82) 4 (1,5) Tai Chi (1) -0.09 (-2.00 to 1.82) 4 (1,5)
ShAcu/UT (1)
ExMu/NoMed (1)
Sc/UT (3) Standard care (5) 0.00 4 (2,5) Standard care (5) 0.00 4 (2,5)

No results are presented for the sensitivity analysis with higher-quality studies only for the Therapy-plus-adjunct intervention set since no stable between-study standard deviation was estimated.
SMD Standardised mean difference; CrI Credible intervals; %dd % deviance difference. For other abbreviations see Table 3 Results in order of mean treatment effectiveness
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6.8 Comparison of network meta-analysis SMDs with pair wise meta-analysis
SMDs

Table 41 compares the SMD estimates using NMA with the estimates using pair wise meta-analysis.
There are two factors which may contribute to differences in credible/confidence intervals between the
NMA and MA results. Firstly, in an NMA the between-study variance is shared by all the interventions.
If the between-study variance is greater in the NMA than in the MA for a particular intervention, this
will tend to make the credible interval from the NMA wider than the confidence interval from the MA,
and vice-versa.

Secondly, the indirect evidence has an impact on the estimate; it can add power making the credible
interval more precise. The more trials there are informing the indirect evidence, the more power the
indirect evidence will add. The more direct evidence there is, the less of an impact the indirect
evidence will have. But if the mean estimate from the indirect evidence is different to the estimate
from the direct evidence (i.e. there is some inconsistency) then this may widen the credible interval.
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Table 41: Comparison of the end of treatment pain (therapy-only) network meta-analysis
SMDs with the pair wise meta-analysis SMDs (for comparisons with standard care, any-
quality)

Intervention

No. of trials
representing

the
intervention

NMA SMD (95% Cr I) No. of trials
representing

the
intervention

Pair wise meta-
analysis

SMD (95% CI)

Standard care
(comparator) 39

- - -

Interferential therapy 2 -1.06 (-2.05 to -0.07) - Not estimable
Acupuncture 18 -0.78 (-1.10 to -0.46) 9 -0.75 (-1.13 to -0.37)
Static magnets 1 -0.78 (-1.92 to 0.36) - Not estimable
PES 4 -0.70 (-1.35 to -0.05) - Not estimable
TENS 11 -0.62 (-1.07 to -0.18) 1 -1.29 (-2.58 to 0.01)
Aerobic exercise 5 -0.60 (-1.05 to -0.16) 5 -0.70 (-1.28 to -0.12)
Balneotherapy 8 -0.46 (-0.96 to 0.05) 1 -1.01 (-1.48 to -0.54)
Muscle str. exercise 24 -0.36 (-0.59 to -0.14) 17 -0.35 (-0.45 to -0.26)
Weight loss 3 -0.36 (-0.89 to 0.16) 3 -0.06 (-0.22 to 0.10)
Manual therapy 3 -0.30 (-0.91 to 0.32) 2 -0.14 (-0.55 to 0.28)
Tai Chi 3 -0.28 (-0.86 to 0.29) 3 -0.30 (-0.54 to -0.06)
Laser therapy 3 -0.25 (-0.98 to 0.48) - Not estimable
Ice/cooling treatment 3 -0.24 (-1.01 to 0.54) - Not estimable
Braces 1 -0.15 (-1.08 to 0.78) - Not estimable
Heat treatment 4 -0.04 (-0.66 to 0.57) - Not estimable
Insoles 3 -0.01 (-0.72 to 0.69) - Not estimable
PEMF 4 0.01 (-0.63 to 0.64) - Not estimable
NMES 1 0.46 (-0.64 to 1.55) 1 0.46 (-0.23 to 1.14)
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7. DISCUSSION

7.1 Statement of principal findings
We have conducted a rigorous systematic review and network meta-analysis to evaluate the efficacy
of acupuncture, and its relevant comparators, for alleviating knee OA pain. The main results are those
for the end of treatment time point as this was reported by most studies and there was no great
difference in results between this time point and the 3 months from start of treatment time point, given
that two-thirds of the data used for the two time points were the same. Our results, therefore, relate
only to short-term benefit, due to the limited treatment durations in most of the trials.

The standard meta-analysis provided some evidence, when all studies were considered, of a benefit
on OA of the knee pain with acupuncture, muscle strengthening exercise, aerobic exercise,
balneotherapy, TENS, static magnets, braces, NMES, and interferential therapy. However the quality
of most trials was poor and sample sizes small and interpretation of the results across the
interventions was difficult. These analyses identified four trials as potential sources of significant
heterogeneity in the network meta-analyses.

The NMA results for the Therapy-only set (any-quality trials) indicates that a number of treatments
appear to have a beneficial mean effect and that acupuncture is a worthwhile treatment option for
treating knee pain due to osteoarthritis. The results of the main analysis were supported by the
sensitivity analyses of higher-quality studies in that acupuncture was significantly better than standard
care, sham acupuncture, and muscle-strengthening exercise. In the sensitivity analysis of only higher-
quality trials, only PES had a greater mean treatment effect estimate and higher median rank than
acupuncture, but, as less evidence informed the PES estimate (1 trial) than the acupuncture estimate
(8 trials), the 95% credible interval of the treatment effect ranks were the same for PES and
acupuncture (95% Crl rank: 1-4). This analysis also indicated that muscle-strengthening exercise and
balneotherapy have pain-alleviating effects significantly better than standard care (although the
credible interval for the sham acupuncture barely crosses the line of no effect). Again, there was a
large difference in the number of trials informing the network for each of these interventions (seven
trials for muscle-strengthening exercise, but only one small study for balneotherapy).

There was no evidence to demonstrate a statistically significant difference between many of the
treatments in the Therapy-only analyses and between different adjunct therapies in the Therapy-plus-
adjunct analyses. These findings are perhaps not surprising, as there were only a limited number of
small trials investigating many of the interventions studied (inevitably resulting in wider credible
intervals), and where the evidence was indirect the uncertainty in the treatment effect was greater.

Our data on acupuncture were found to be reasonably consistent across the three groupings of
interventions (Therapy-only, Therapy-plus-adjunct and Grouped) and two levels of trial quality (any-
quality and higher-quality) as well as between the pair-wise (direct) comparisons and the network
meta-analyses (direct and indirect comparisons) for those networks that were stable.

A high level of inconsistency across the direct and indirect evidence was found for the treatment
comparisons involving PES in both the Therapy-plus-adjunct and Therapy-only intervention set
analyses, which suggests that there is bias or lack of exchangeability across the associated
comparisons, and therefore the credibility interval estimates for PES may be underestimated; there
may be an effect modifier unacounted for.

There were few studies and few interventions available to form connected networks for the WOMAC
index outcome. However, across the analyses of all available trials the results consistently indicate
that acupuncture, compared to standard care, has a beneficial effect (mean SMD around -1.0).

Numerous systematic reviews (some summarised in a review of reviews
162

) have been conducted on
interventions (or classes of interventions) included in this review; many have produced effect sizes
derived from direct comparisons. A Cochrane review evaluating acupuncture versus waiting list
control reported a statistically significant, clinically relevant short-term improvement in pain, similar to
our findings (SMD -0.96, 95% CI: -1.19 to -0.72).

163
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Although, for many of the interventions in our review most of the trials informing the network were of
poor quality, resulting in a lack of reliable evidence to support their efficacy, the possibility of benefit
from these treatments cannot be ruled out. The exceptions to this conclusion appear to be insoles
(without ankle support) and laser/light therapy: although they had no comparators to connect them to
the main network, pair-wise meta-analyses of studies of satisfactory quality suggested no worthwhile
benefit compared with placebo.

Various quantifications of the clinical relevance of knee OA pain change scores exist. Two such
estimates have been reported by one study;

164
the ‘minimal clinically important change’ (MCIC) was -

15mm (on a VAS 0-100 scale, and derived from a prior Delphi exercise
165

), and the ‘minimal
perceptible clinical improvement’ (MPCI, the smallest change detectable by the patient) was -9.7mm
(on a WOMAC VAS 0-100 scale). Another study estimated the ‘minimal clinically important
improvement’ (MCII), although only for pain on movement, as being -19.9mm on a VAS 0-100 scale;
this figure varied by baseline pain score, with patients with less pain having a smaller MCII (10.8mm)
and patients with severe pain having a larger MCII (36.6mm).

166
In the context of these studies, our

results indicate that acupuncture produces both a MPCI, and quite possibly a MCIC (we could not
locate a MCIC specifically for WOMAC pain), but may only yield a MCII for patients with low levels of
pain (see Table 31).

Another useful method for interpreting results is the comparison of effect sizes with those of other
relevant available treatments which are generally considered to have clinically meaningful benefits.

167

Other reviews have reported SMDs (versus placebo) for pain relief from paracetamol, oral, and topical
NSAIDs of 0.14 (95% CI 0.08 to 0.23); 0.29 (95% CI: 0.22 to 0.35); and 0.44 (95% CI: 0.27 to 0.62)
respectively.

168
The SMDs for acupuncture from our results compare favourably with these

pharmacological treatments, indicating that acupuncture has a credible role to play in the
management of knee OA pain. Further factors to consider when interpreting results are safety, the
rapidity of onset - and durability - of treatment benefit, patient choice, and the convenience, cost, and
likelihood of patient adherence to treatment; these factors would clearly differ when comparing
acupuncture with pharmacological treatments.

167

7.2 Strengths and limitations of the review
Our aim was not to replicate earlier reviews, but to use network meta-analysis methods – which allow
inclusion of all relevant direct and indirect evidence - to investigate the relative efficacies of
treatments. When trials comparing all the alternative treatments of interest do not exist for decision-
makers, a network meta-analysis enables decisions to be made regarding the options that might be
considered regarding the choice of treatment, and provides a basis for considering the need for
further research comparing treatments. A network meta-analysis allows for comparisons on the basis
of synthesising all the available evidence in a consistent framework, rather than making such
decisions by subjective inferences from disparate data. We believe our study is the first network meta-
analysis of physical treatments for OA of the knee. As such we encountered significant
methodological challenges.

A network meta-analysis retains the benefits of randomisation by entering the trial treatment effects in
the model. In a random effects model a common between-study variance across the comparisons,
and a normal distribution, are assumed. It is possible that between-study variances are not equal
across comparisons, but the assumption allows a between-study variance to be estimated for
comparisons with only one or two trials. It is also assumed that direct and indirect evidence is
exchangeable for any one comparison. This requires the interventions and populations to be
sufficiently similar across the trials providing the direct and indirect evidence, and for there to be
unbiased outcomes due to well-controlled, designed trials. In this study, the main cause for concern
regarding heterogeneity between comparisons, and thereby between direct and indirect evidence
(inconsistency), involved the placebo treatment group. This assumed that the placebo effects were
the same for different therapies, and that the placebos were equally plausible. In addition, the
elimination of poor quality studies for the Grouped intervention set for the end of treatment analysis
produced significantly diverging results for placebo and also, although less so, for insoles and
physiotherapy treatment. This suggests that either study quality had an effect on the outcome for at
least one of the comparisons involving these interventions or that there is a significant difference in
treatment effect between treatments lumped together.



136

Our review was extensive in its eligibility criteria, encompassing a large number of interventions, with
various adjunct therapies, placebos and populations, which meant a certain amount of clinical
heterogeneity was inevitable. Most studies recruited general knee OA populations, although it was
acknowledged that within this categorisation there will have been variation in characteristics. Where
populations were noticeably different (e.g. patients awaiting knee surgery), in order to assess the
effect on the results and model fit, we performed a sensitivity analysis with them removed.
Furthermore, heterogeneity was also explored using standard meta-analysis and trials which were
clearly a source of heterogeneity were removed from analyses; treatment duration and intensity
sometimes varied considerably within a single intervention, and varied enormously between types of
intervention. This variation between interventions was to be expected, considering the diversity of
treatments included. Occasionally an individual study used different doses or types of the same
intervention; in such cases we pooled the results. This maximised the amount of data available for our
analyses, and also avoided being restrictive in the regimens studied. However, the results we used for
these trials can only be taken as a generalisable estimate of efficacy.

Our comprehensive and rigorous search strategy minimised the risk of missing eligible trials.
However, although our review included 134 studies, limitations and differences in the reporting of data
restricted the data available for our analyses, such that only 87 trials were included in the standard
and network meta-analyses. Furthermore, the lack of long term data limits the interpretation of the
results to only the short term effects of therapy.

To enable our analysis to be thorough, we examined the different ways in which treatments could be
defined, or grouped. Many interventions were given in addition to standard, or adjunctive, care and it
was recognised that adjunctive care varies between trials ranging from no treatment at all, to care
bordering on being an additional active intervention. In order to allow a thorough assessment of the
possible effects of this variation either within or between studies we classified these adjunct
treatments for each trial arm. There was no evidence for any differences amongst the adjunct
treatments for any of the treatment classes. This analysis had greater power than the analysis with
more Therapy-plus-adjunct treatment definitions, and the exchangeability assumption was not
compromised. However, our analyses of these studies did indicate that the type of adjunctive
treatment used did not appear to have a noticeable impact on effect size and heterogeneity (this
finding was supported by examination of the standard meta-analysis forest plots).

A more general concern, which will have been relevant to all reviews of these physical therapies, not
just a network meta-analysis, relates to the poor quality of a large majority of the studies. Despite
adequate reporting of randomisation and allocation concealment procedures not being necessary in
order for studies to achieve a satisfactory quality rating, more than three-quarters of the studies in our
review were still classified as being of poor quality. However, a major strength of our review is that
trials of a diverse range of interventions have been evaluated equally, using the same quality
assessment tool; this allows for a fair comparison in terms of assessing the strength of the evidence
base for each intervention.

Study quality issues for the interventions we studied have been noted previously. A study published in
2003 compared over 100 RCTs (published in the preceding 10 years) of non-pharmacological and
pharmacological treatments for hip or knee osteoarthritis found that the non-pharmacological articles
scored lower than reports of pharmacological treatments for study quality assessment using the
Jadad scale and the Delphi list.
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Our review evaluated only studies where the active interventions were delivered in isolation, rather
than when combined with other physical interventions; in practice, interventions may be given in
combination. It should therefore be noted, when interpreting our results, that trials investigating such
mixed interventions were excluded. This decision was taken to facilitate homogeneity of interventions,
as it was thought likely that combination therapies might vary considerably, which might then preclude
meaningful pooling of data.

It was hoped and anticipated that the majority of studies meeting the eligibility criteria in our review
would use the WOMAC pain subscale to assess pain. However, details on which type of pain was
recorded (e.g. walking, stair climbing, resting) were frequently absent; when they were provided, it
was clear that several different types of pain were assessed. The lack of detail in the reporting of pain
in many papers may have contributed to heterogeneity between trials. Lamentably, only around a
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quarter of studies reported WOMAC pain scores in a useable format. It is unclear why so many
studies did not use WOMAC scores, which were recommended as a primary measure of efficacy in
knee OA trials at a key consensus meeting in 1994.
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WOMAC has been shown to be both a reliable

and valid tool in studies of osteoarthritis of the knee and hip.
171

Its limited use, coupled with the wide
range of other tools used in studies in our review, has produced another possible source of
heterogeneity between studies.

This restricted use of WOMAC was accompanied by limited reporting of how scores were calculated.
Ideally the scores relating to each WOMAC question for each participant would simply be summed to
produce a total score for each subscale (and a total overall score), the (study population) mean of
which would be reported. However, it became apparent that many studies performed transformations
of the scores, e.g. standardising to a 0-10 or 0-100 range, or (rarely) a more unorthodox range.
Occasionally such transformations were explained by authors, but more commonly they were not.
Sometimes, in studies of patients with low baseline pain scores, it was not even clear whether a Likert
or a VAS 0-10 scale was used. In such cases we had to exercise judgement in assigning a type of
pain scale to the trial in question. In light of these concerns about the reporting of scores, the most
appropriate method of preparing the data for synthesis was conversion to standardised mean
differences, as this would obviate the uncertainties. By reporting outcomes only as changes in from
baseline, medians, percentage changes, or just p-values, data from many studies were not suitable
for pooling.
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8. CONCLUSIONS

The first network meta-analysis of physical interventions for knee pain due to osteoarthritis, indicates
that acupuncture is one of a number of physical treatments that produces a clinically-relevant effect in
alleviating pain in the short-term. Moreover, acupuncture compared favourably with the other
treatments. Although further research is needed to substantiate these conclusions, acupuncture
should nevertheless be considered as an evidence-based treatment option for relieving pain due to
osteoarthritis of the knee.

8.1 Implications for service provision
Acupuncture can be considered as an evidence-based treatment option for relieving pain due to
osteoarthritis of the knee. Although our review did not evaluate the cost-effectiveness of the
interventions, it is worth noting that our main results on effectiveness do not concur with the NICE
guidance for osteoarthritis management

6
which states that TENS, insoles, braces, manual therapy,

and heat or cold (thermotherapy) should be considered as adjuncts to core treatment. For these
interventions our end of treatment analyses found no evidence (of significant differences from
standard care) to support this guidance, other than for TENS where the evidence was equivocal: all
the TENS studies in our analyses were of poor quality, raising concerns about the reliability of the
evidence. We have provided evidence on the effectiveness of acupuncture that NICE may want to
consider when revising their guidance.

8.2 Implications for research
Larger, more robust RCTs with longer treatment periods, which also examine the effectiveness of re-
treatment following treatment cessation (to evaluate durability and attenuation effects) are needed in
order to comprehensively assess the value of many of these interventions. This is particularly true for
TENS, where the studies conducted so far have been of unreliable quality, and PES and
balneotherapy, which although our results highlight them as being promising treatments, were both
represented by only one small higher-quality trial. The adoption of consistent study designs across
trials would facilitate improved indirect analysis in the future to substantiate our findings.

As our review identified specific interventions that had some beneficial effect, the next step might be
to test whether combinations of the more promising treatments might result in an even greater effect.
However, it cannot be assumed that combining interventions will be beneficial: it has been suggested
that acupuncture and muscle-strengthening exercise are effective via similar mechanisms,
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so an

additive effect may not be possible. An RCT investigating such a mixed intervention found no
significant WOMAC pain differences between the acupuncture and exercise/advice and
exercise/advice alone groups at 6 weeks, 6 months, and 12 months.
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The true value of this mixed

intervention remains somewhat uncertain since the delivery of acupuncture in the study may have
been sub-optimal (6 sessions over 3 weeks), and pain was not assessed at the end of acupuncture
treatment (at 3 weeks). The optimum timing and parameters of treatment for both acupuncture and
muscle-strengthening exercise also need to be more clearly defined from future studies.

For example, for acupuncture it is unclear what might be the optimum number and frequency of
sessions, which style of acupuncture is more effective, and what level of training would be ideal.

Results from our pairwise meta-analysis of higher-quality insoles studies suggested that insoles
(without ankle support) were unlikely to be effective; there appears to be little value in conducting
further research (as a recently published trial confirms).
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If adding or subtracting trials causes results to change more than expected, given the credible
intervals around the estimates, this indicates unquantified uncertainty and unreliable results.
Research could be conducted to develop a statistic to measure the stability or instability of the results,
given change in the evidence base.
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10. APPENDICES

10.1 Literature search strategy

The base search strategy to locate clinical trials was designed for Ovid MEDLINE and translated for
all other databases searched.

1 Osteoarthritis, Knee/
2 (gonarthrosis or gonarthritis).ti,ab.
3 1 or 2
4 Osteoarthritis/
5 (Osteoarthriti$ or OA or osteo arthriti$ or osteoarthros$ or osteo arthros$ or arthropath$ or

arthrosis or arthroses).ti,ab.
6 degenerative arthriti$.ti,ab.
7 degenerative joint disease.ti,ab.
8 4 or 5 or 6 or 7
9 Knee/
10 Knee Joint/
11 (knee$ or patella$ or knee cap$ or kneecap$ or femorotibial or femoro tibial or tibiofemoral or

tibio femoral or patellofemoral or patello femoral).ti,ab.
12 9 or 10 or 11
13 8 and 12
14 Arthralgia/
15 (arthralgi$ or (joint$ adj3 pain$)).ti,ab.
16 chronic pain$.ti,ab.
17 14 or 15 or 16
18 12 and 17
19 3 or 13 or 18
20 Acupuncture/
21 exp Acupuncture Therapy/
22 acupuncture$.ti,ab.
23 (electroacupuncture$ or electro acupuncture$).ti,ab.
24 (osteopuncture$ or osteo puncture$).ti,ab.
25 (perioste$ adj3 (stimulati$ or therap$ or needling)).ti,ab.
26 exp Physical Therapy Modalities/
27 (physiotherap$ or physio therap$ or physical therap$ or manual therap$).ti,ab.
28 (massage$ or acupressure or shiatsu or shiatzu or zhi ya or chih ya).ti,ab.
29 Chiropractic/
30 Traction/
31 (chiropractic or manipulat$ or traction or kinesiolog$ or mobilis$ or mobiliz$).ti,ab.
32 Osteopathic medicine/
33 osteopath$.ti,ab.
34 (hydrotherap$ or hydro therap$ or water therap$ or pool therap$).ti,ab.
35 exp Exercise/
36 exp Sports/
37 Physical Fitness/
38 (exercise$ or workout$ or work out$ or train$ or physical$ activ$ or kinesiotherap$ or keep$ fit

or aerobics).ti,ab.
39 (muscle$ adj3 (stretch$ or strengthen$)).ti,ab.
40 (walk$ adj3 (fitness or aerobic or program$ or intervention$ or session$ or regime$)).ti,ab.
41 pedometer$.ti,ab.
42 (bicycl$ or cycle$ or cycling).ti,ab.
43 (run$ or jog$ or treadmill$).ti,ab.
44 (swim$ or water sport$ or aquatic$ or water aerobic$ or aqua aerobic$ or water

gymnastics).ti,ab.
45 (tai ji or taiji or taijiquan or tai chi or t ai chi or taichi or shadow boxing).ti,ab.
46 (yoga or yogic or pilates or danc$).ti,ab.
47 (qigong or qi gong or chi kung or chikung or ch i kung).ti,ab.
48 (CPM or (passive adj (motion or movement))).ti,ab.
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49 vibration/
50 (vibrati$ or mechanical stimul$).ti,ab.
51 (balneology or balneotherap$ or balneo therap$ or bath$ or crenobalneotherap$ or

thalassotherap$ or spa or spas).ti,ab.
52 (thermotherap$ or thermo therap$ or hypertherm$ or hyper therm$ or diatherm$ or short wave

or shortwave or ultrasonic or cryotherap$ or cryo therap$).ti,ab.
53 (heat or hot or ice or cold).ti,ab.
54 exp Cryotherapy/
55 exp Orthotic Devices/
56 (brace$ or bracing or orthotic$ or orthoses).ti,ab.
57 (insert$ or insole$).ti,ab.
58 (TENS or ALTENS).ti,ab.
59 (transcutaneous adj2 nerve stimulation).ti,ab.
60 (electroanalgesia or electro analgesia).ti,ab.
61 (electric$ nerve stimulation or electrostimulation or electro stimulation).ti,ab.
62 EMS.ti,ab.
63 ((muscle or electric$) adj3 stimulat$).ti,ab.
64 (neuromodulation or neuro modulation or neurostimulation or neuro stimulation).ti,ab.
65 interferential.ti,ab.
66 Electromagnetic Fields/
67 Magnetic Field Therapy/
68 PEMF.ti,ab.
69 ((electromagnetic$ or magnetic$) adj3 field$).ti,ab.
70 (biomagnetic$ or bio magnetic$ or pulsed signal).ti,ab.
71 Laser Therapy, Low-Level/
72 laser.ti,ab.
73 phototherapy/
74 (light or phototherap$ or photo therap$).ti,ab.
75 or/20-74
76 19 and 75
77 exp Obesity/
78 Overweight/
79 body mass index/
80 (obese or obesity).ti,ab.
81 (overweight or over weight).ti,ab.
82 Weight Loss/
83 Weight Gain/
84 (weight adj3 los$).ti,ab.
85 (weight adj3 reduc$).ti,ab.
86 (weight adj3 decreas$).ti,ab.
87 (weight adj3 gain$).ti,ab.
88 (weight adj3 increas$).ti,ab.
89 (weight adj3 chang$).ti,ab.
90 (BMI or body mass index).ti,ab.
91 or/77-90
92 Bariatrics/
93 exp Diet/
94 exp Diet Therapy/
95 (diet$ or slim or slimming).ti,ab.
96 (weight adj3 control$).ti,ab.
97 (weight adj3 manage$).ti,ab.
98 low calorie$.ti,ab.
99 calorie control$.ti,ab.
100 (calorie adj3 count$).ti,ab.
101 (caloric adj3 restrict$).ti,ab.
102 (calorie$ adj3 restrict$).ti,ab.
103 (energy adj3 restrict$).ti,ab.
104 (protein adj3 restrict$).ti,ab.
105 (weight watchers or weightwatchers or slimfast or nutrition class$ or meal replacement$).ti,ab.
106 or/92-105
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107 exp Anti-Obesity Agents/
108 ((anti obes$ or antiobes$) adj3 (agent$ or drug$ or therap$ or medicine$)).ti,ab.
109 appetite suppressant$.ti,ab.
110 appetite depressant$.ti,ab.
111 (orlistat or xenical).ti,ab,rn.
112 phentermine.ti,ab,rn.
113 Phentermine/
114 (sibutramine or reductil).ti,ab,rn.
115 (rimonabant or acomplia).ti,ab,rn.
116 or/107-115
117 106 or 116
118 19 and 91 and 117
119 76 or 118
120 randomized controlled trial.pt.
121 controlled clinical trial.pt.
122 randomized.ab.
123 placebo.ab.
124 drug therapy.fs.
125 randomly.ab.
126 trial.ab.
127 groups.ab.
128 120 or 121 or 122 or 123 or 124 or 125 or 126 or 127
129 animals/ not (animals/ and humans/)
130 128 not 129
131 119 and 130

Full details of all the databases searched, search strategies and results can be found at:
www.york.ac.uk/inst/crd/Documents/OAKSearchStrategiesWebLink.docx

10.2 Quality assessment
Full results are available at:
http://www.york.ac.uk/inst/crd/Documents/StudyQualityAssessmentResults.docx

1 Was the number of patients randomised to treatment
stated?

1.1 Yes

1.2 No

2 Method of randomisation appropriate? 2.1 Yes

2.2 No

2.3 Unclear/not stated

3 Appropriate allocation concealment? 3.1 Yes

3.2 No

3.3 Unclear/not stated

4 Appropriate type of placebo used? 4.1 Yes

4.2 No (give brief details)

4.3 Unclear/not stated

4.4 Not applicable

5 Group baseline characteristics comparable? 5.1 Yes

5.2 No

http://www.york.ac.uk/inst/crd/Documents/OAKSearchStrategiesWebLink.docx
http://www.york.ac.uk/inst/crd/Documents/StudyQualityAssessmentResults.docx
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5.3 Unclear/not stated

6 Described as double blind? 6.1 Yes

6.2 No

6.3 Unclear/not stated

7 Treatment giver blinded? 7.1 Yes

7.2 No

7.3 Unclear/not stated

8 Patient blinded? 8.1 Yes

8.2 No

8.3 Unclear/not stated

9 Outcome assessor blinded? 9.1 Yes

9.2 No

9.3 Unclear/not stated

10 Use of a power calculation reported? 10.1 Yes

10.2 No

11 Eligibility criteria adequately reported? 11.1 Yes

11.2 No

12 Clear reporting of losses to follow up? 12.1 Yes

12.2 No

13 Intention-to-treat data reported (analysed)? 13.1 Yes

13.2 No

13.3 Unclear

14 At least 90% full follow up achieved? 14.1 Yes

14.2 No

14.3 Unclear

15 Overall study quality (see method for rating below) 15.1 Excellent

15.2 Good

15.3 Satisfactory

15.4 Poor

Method for rating overall study quality:
Excellent: answers Yes for 1-3, 5, 6, 8-14 and Yes or Not Applicable for 4
Good : answers Yes for 1, 5, 8, 9, 11-14 and Yes or unclear/not stated for questions 2, 3, 4 (or Not
applicable for 4)
Satisfactory: answers Yes for 1, 5, 11, 12, 13 and Not ‘No’ for 4)
Poor: The answer is not Yes for one of the criteria required for ‘Satisfactory’.
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10.3 Statistical Formulae
Derivation of standardised mean differences
The Hedges-g standardised mean difference (SMD) between treatment A treatment B and was
derived as follows (Reference Lipsey):

ܯܵ ܦ ൌ ൬ͳെ
3

Ͷܰ െ ͻ
൰݀

where

݀ ൌ
ܺ஺ െ ܺ஻

௉ܵ

ܺ஺ is the treatment effect estimate of treatment A, ܺ஻ is the treatment effect estimate of treatment
B, ௉ܵ is the pooled standard deviation across the trial arms.

10.3.1 Derivation of standard deviations

From the standard error:

ൌݏ ݏ݁ √݊

10.3.2 Derivation of standard errors

From a 95% confidence interval:

ݏ݁ ൌ
௨ܫ െ ܺ

ݐ
Where t is the student’s t-value for the sample size, ௨ܫ is the upper limit of the confidence

interval, and ܺ is the estimate of the mean.

10.3.3 Derivation of pooled standard deviations

௣௢௢௟௘ௗݏ = ඨ
( ଵ݊− ଵݏ(1

ଶ + ( ଶ݊− ଶݏ(1
ଶ+⋯+ ( ௠݊ − ௠ݏ(1

ଶ

ଵ݊ ൅ ଶ݊ ൅ ڮ ൅ ௠݊ െ ݉

Where m is the number of trial arms.
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10.4 Network meta-analysis appendix

10.4.1 Table of all trials included in NMA
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Acupuncture

Bao 2007 48 Standard
care

40
Y

China 63 62 NR NR General Clinical NR/UC Poor

Berman 1999
42

Standard
care

73
Y

USA 60 65 NR
mean 32

General C+R 2 or higher Poor

Itoh 200835 TENS

Standard
care

18
Y

Japan 66 range
62-83

NR NR General C+R 2 or higher Poor

Itoh 2008 38 Sham
acupuncture

24
Y

Japan 77 73 NR NR General C+R 2 or higher Poor

Lansdown
2009 41

Standard
care

30
Y

UK 60 64 NR NR General Clinical NR/UC Poor

Lu 201033 Sham
acupuncture

20
Y

China NR 64
mean 66

NR Both
knees
affected

C+R 2 or 3 Satisfactory

Miller 2009 40 Sham
acupuncture

Placebo
Sham
acupuncture

55
Y

Israel 69 71 NR NR General NR/UC NR/UC Satisfactory

Ng 2003 36 TENS

Standard
care

14(imp
uted)
Y (only
vs
TENS)

China 96 85 NR NR General Clinical NR/UC Poor

Petrou 1988 49 Sham
acupuncture

31
Y

Hungary 74 62
mean 80

NR General Clinical NR/UC Poor

Takeda 199451 Sham
acupuncture

40
Y

Canada 50 62
mean 90 Mean 33

General C+R NR/UC Poor

Tukmachi 2004
43

Standard
care

29
Y

UK 83 61 NR NR General C+R 2 or 3 Good

Vas 2004 46 Sham
acupuncture

88
Y

Spain 84 67 NR
mean 33

General C+R Ahlback
grade 1 or
higher

Good

Weiner 2007 52 Sham
acupuncture

88
Y

USA 55 71 NR
mean 32

General C+R 2 or higher Good

Williamson
200734

Exercise -
MSE

Standard
care

181
Y

UK 54 71 NR
mean 32

Awaiting
knee
surgery

C+R NR/UC Satisfactory

Witt 200545 Sham
acupuncture

Standard
care

285
Y

Germany 66 64 NR
mean 29

General C+R 2 or higher Satisfactory

Witt 2006 44 Standard
care

342
Y

Germany 60 61 NR NR General C+R NR/UC Satisfactory

Wu 200831 Standard
care

34(imp
uted)
Y

China 63 62 NR NR General C+R NR/UC Poor

Yurtkuran
199937

Ice/cooling
treatment

100
Y

Turkey 91 58 NR NR General C+R NR/UC Poor
Please edit
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TENS

Placebo
TENS

Exercise
(strengthenin
g

General

An 2008 71 Standard
care

21
Y

China 100 65 NR 26 General Clinical
ACR
Criteria

Poor

Baker 200161 Placebo 38
Y

USA 78 69 NR 32 General C+R NR/UC
median 3

Poor

Bezalel 2010 75 Heat
treatment

50
Y

Israel 74 74 NR NR General Unclear/N
R

NR/UC Poor

Borjesson 1996
54

Standard
care

68
Y

Sweden 50 64 83 NR Awaiting
knee
surgery

C+R Ahlback
grade I-III

Satisfactory

Cheing 200274 TENS

Placebo

47
Y

China 89 63 67 28 General C+R 2 or higher Poor

Durmus 2007
76

PES 50
Y

Turkey 100 55 NR 33 General C+R 3 or lower Satisfactory

Ettinger 199762 Exercise -
Aerobic

Standard
care

364
Y

USA 70 69 NR 53%
>30kg/m2

General C+R NR/UC Poor

Gur 200255 No treatment 23
Y

Turkey NR 56 79 NR Both
knees
affected

Radiologic
al

2 or 3 Poor

Hasegawa
201077

Standard
care

28
Y

Japan 64 77 55 24 General Clinical NR/UC Poor

Huang 2005 56 Standard
care

98
Y

Taiwan 81 62 NR NR Both
knees
affected

C+R Altman
grade II

Poor

Hurley 200769 Standard
care

53
N*

UK 70 67 81 30 General Clinical NR/UC Satisfactory

Jan 2008 57 No treatment 98
Y

Taiwan 81 63 63 NR Both
knees
affected

C+R 3 or lower Satisfactory

Kuptniratsaikul
200272

Standard
care

366
Y

Tailand 78 68 NR 11% were
obese

General Radiologic
al

2 or 3 Poor

Lin 2009 78 Standard
care

72
Y

Taiwan 69 63 62 NR C+R 3 or lower Satisfactory

Lund 2008 59 Standard
care

79
Y

Denmark 78 68 75 NR General C+R Lequesne
(1-26)score.
Mean score
= 11.

Poor

Maurer 199967 Standard
care

98
Y

USA 42 65 85 NR General C+R 3 or lower Poor

McCarthy 2004
68

Standard
care

172
Y

UK 58 65 NR 30 General C+R Satisfactory

Peloquin
199966

Standard
care

124
Y

Canada 70 66 NR 30 General C+R 3 or lower Poor

Schilke 199679 Standard
care

Y
20

USA 85 66 NR NR General Clinical NR/UC Poor

Topp 2002 60 Standard
care

102
Y

USA 73 63 89 NR General C+R NR/UC Poor

Trans 200963 Standard
care

52
N*

Denmark 100 60 81 30 General C+R NR/UC Satisfactory
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Williamson
200734

Acupuncture

Standard
care

181
Y

UK 54 71 NR 32 Awaiting
surgery

C+R NR/UC Satisfactory

Aerobic
Exercise

Aglamis 2009
81

Standard
care

25
Y

Turkey 100 56 NR 33 Both
knees
affected

C+R 2 or higher Poor

Ettinger 199762 Exercise -
MSE

Standard
care

364
Y

USA 70 69 NR 53%
>30kg/m2

General C+R NR/UC Poor

Keefe 2004 85 Standard
care

30(imp
uted)
Y

USA 50 59 NR NR General Clinical NR/UC Poor

Kovar 1992 86 Standard
care

92
Y

USA 83 69 mean
77

NR General C+R NR/UC Poor

Messier 200482 Weight loss

Standard
care

240
Y

USA 72 69 Mean
94

34 Overweig
ht/obese

C+R 3 or lower Satisfactory

General

Tai chi
studies

Brismee 200791 Standard
care

N=41
Y

USA 83 70 73 28 General Clinical NR Satisfactory

Lee 200990 Standard
care

N=44
Y

Korea 93 69 61 26 General C+R 2 or higher Satisfactory

Yip 200787 Standard
care

N=182
N*

Hong Kong 84 65 NR NR General Clinical NR Poor

Weight loss
studies

Jenkinson
200993

Standard
care

389
Y

UK 66 61 Median
93

Median 33 General Clinical 4 or lower
41% had a
K&L score
of 0

Satisfactory

Messier 200482 Exercise :
Aerobic

Standard
care

240
Y

USA 72 69 94 34 General C+R 3 or lower Satisfactory

Miller 200694 Standard
care

74
Y

USA 26 70 (all
>/=
60)

98 35 Overweig
ht/obese

Clinical NR/UC Poor

Balneotherapy

Balint 2007 95 Placebo N=52
Y

Hungary 63 50 to
75*

NR NR Both
knees
affected

Clinical NR Poor

Fioravanti 2010
96

Standard
care

N=80
Y

Italy 75 70 NR 26 Both
knees
affected

C+R 3 or lower Satisfactory

Flusser 2002107 Placebo N=58
Y

Israel 85 65 76 NR General C+R 2 or 3 Poor

Forestier 2010
105

Standard
care

N=309
N*

France 47 64 NR 30 General C+R 1 or higher Poor

Mahoob
2009104

Placebo N=50
Y

Iran 100 44 to
79++

NR NR General Clinical NR Poor
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Sherman 2009
101

Placebo N=44
Y

Israel 80 67 NR NR General C+R 1 or higher Poor

Sukenik 1999
97

Balneotherap
y
3 groups

N=36
Y

Israel
89

63 NR NR General C+R Lequesne
index of
severity

Poor

Wigler 1995106 Balneotherap
y
Two 'doses'

N=33
Y

Israel Specif
y
88

Specif
y
Mean
65

NR NR General C+R NR Poor

Yurtkuran 2006
99

Placebo N=52
Y

Turkey 97 54 77 32 General C+R 2 or 3 Poor

Insoles

Barrios 2009109 Placebo 66
Y

USA 56 62 NR 33 Varus or
valgus
malalign
ment

C+R 2 or higher Satisfactory

Maillefert 2001
113

Placebo 156
Y

France 74 65 NR 29 General C+R 2 or higher Satisfactory

Rodrigues
2008 110

Placebo 30
Y

Brazil 100 62 NR 30 Varus or
valgus
malalign
ment

C+R 2 or higher Good

Static
magnets

Hinman
2002116

Placebo N=43
(only
one
study)

USA 60 63 NR NR General Clinical NR Poor

Braces

Brouwer 2006
120

Standard
care

N=117
N*

Netherlan
ds

83 50 59 NR Varus or
valgus /
malalign
ment

C+R Ahlbäck
score >0

Poor

TENS

Alcidi 2007132 Heat
treatment

N=40
Y

Italy 85 66 NR NR Overweig
ht/obese

C+R NR Poor

Cheing 200274 Exercise -
MSE

Placebo

N=47
Y

China 89 63 67 28 General C+R 2 or higher Poor

Cheing 2003
124

Placebo N=38
Y

China 89 66 66 NR General C+R 2 or higher Poor

Grimmer 1992
125

Different
intensities of
TENS

Placebo

N=60
Y

Australia 62 67 NR NR General C+R NR Poor

Itoh 200835 Acupuncture,
standard
care

N=12
Y (only
one
study)

Japan 66 62-83+ NR NR General C+R 2 or higher Poor

Kang 2007 129 Placebo N=63
Y

USA 71 57 NR NR General C+R NR Poor

Lewis 1994 131 Standard
care

N=56
N*

Australia 58 66 NR NR General C+R NR Poor

Ng 2003 36 Electro- N=14 China 96 85 NR NR General Clinical NR Poor
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acupuncture,
Standard
care

N*

Pietrosimone
2009 126

Ice/cooling
treatment

No treatment

N=33
Y

USA 48 56 88 30 General Radiologic
al

NR Poor

Selfe 2008 128 Placebo N=37
Y

USA 68 67 NR 31 General C+R NR Poor

Yurtkuran
199937

Acupuncture,
ice/cooling,
Placebo

N=100
Y

Turkey 91 58 NR NR General C+R NR Poor

PES

Callaghan
2005 138

Placebo 21
Y

UK 48 60 NR 28 General Radiologic
al

3 or higher Poor

Durmus 2007
76

Exercise -
MSE

50
Y***

Turkey 100 55 NR 33 General C+R 3 or lower Satisfactory

Garland
2007137

Placebo 58
Y

USA 66 66 NR 31 General C+R 3 or higher Poor

Miranda-Filloy
200532

Placebo 18(imp
uted)
Y

Spain 80 Older
than 40
years

NR NR General C+R 3 or higher Poor

PEMF

Fischer 200527 Placebo 69
Y

Slovenia 72 60 NR 29.3 General Radiologic
al

NR/UC Poor

Jacobson 2001
140

Placebo 176
N*

USA NR NR NR NR Unclear NR/UC NR/UC Poor

Perrot 1998 139 Placebo 40
Y

France 80 69 NR NR General NR/UC ACR OA
criteria.

Poor

Thamsborg
2005 142

Placebo 83
Y

Denmark 54 60 NR 27 General C+R 1 or higher Poor

NMES

Talbot 2003144 Standard
care

34
Y***

USA 79 mean
71

NR 30 General C+R 1 or higher Poor

Interferential
therapy

Adedoyin 2002
147

Placebo 26
(impute
d)
Y

Nigeria 67 59 mean
78

28 General C+R NR/UC Poor

Defrin 2005 146 No treatment 55
(impute
d)
Y

Israel NR 67 NR NR General Clinical NR/UC Poor

Heat
treatment

Alcidi 132 TENS N=40
Y (only
one
study)

Italy 85 66 NR NR General C+R NR Poor

Bezalel 75 Exercise -
MSE

N=50
Y (only
one
study)

Israel 74 74 NR NR General NR NR Poor

Clarke 149 Ice/cooling
treatment,
placebo

N=30
Y

UK 69 61 NR NR General Radiologic
al

NR Poor
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Mazzuca 148 Placebo N=51
Y

USA 77 63 NR NR General C+R 2 or higher Poor

Ice/cooling

Clarke 1974149 Heat
treatment

N=45
Y (only
study)

UK 69 61 NR NR General Radiologic
al

NR Poor

Pietrosimone
2009 126

TENS N=33
Y

USA 48 56 88 30 General Radiologic
al

NR Poor

Yurtkuran
199937

TENS N=100
Y

Turkey 91 58 NR NR General C+R NR Poor

Laser/light
Therapy

Gur 2003154 Placebo N=90
N*

Turkey 80 60 NR 30 General C+R 2 or higher Satisfactory

Shen 2009 155 Placebo N=40
Y

China 90 58 NR NR General C+R 2 or higher Satisfactory

Stelian 1992151 Placebo N=50
Y

Israel 68 68 NR NR Both
knees
affected

NR NR Poor

Tascioglu
2004152

Placebo N=60
Y

Turkey 70 62 NR 29 Both
knees
affected

C+R 2 or 3 Satisfactory

Manual
therapy

Pollard 2008 160 Placebo N=43
Y (only
study)

Australia NR 56 NR NR General C+R NR Poor

Tucker 2003 159 Standard
care

N=103
Y

South
Africa

63 59 82 NR General C+R NR Poor

* No Means, ** Only change from baseline scores reported
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10.4.2 Network tables (for networks for which diagrams are not presented (WOMAC
Index))

Network Table 1: The intervention comparisons included in the connected network with acupuncture
for WOMAC index, the end of treatment, therapy-plus-adjunct intervention set, any-quality analysis.

SC/UT
SC/UT+

EX Acu/NoMed Acu/UT ExMu/UT Hea/UT Tai/UT Wei/UT ShAcu/UT

SC/UT 1 4 2 1

SC/UT+ EX 1 1 1 1

Acu/NoMed 1

Acu/UT 4 1 1

ExMu/UT 1 1

Hea/UT 1

Tai/UT 2 1

Wei/UT 1

ShAcu/UT 1 1

See Table 3 for abbreviations

Network Table 2: The intervention comparisons included in the connected network with acupuncture
for WOMAC index, the end of treatment, therapy-plus-adjunct intervention set, higher-quality analysis.

SC/UT
SC/UT+

EX Acu/UT ExMu/UT Tai/UT ShAcu/UT

SC/UT 2 1 1
SC/UT+
EX 1 1 1

Acu/UT 2 1

ExMu/UT 1

Tai/UT 1 1

ShAcu/UT 1

See Table 3 for abbreviations

Network Table 3: The intervention comparisons included in the connected network with acupuncture
for WOMAC index, the end of treatment, grouped intervention set, any-quality analysis.
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A
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u
n
c
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re

P
la

c
e
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o

S
h
a
m

A
c
u
p
u
n
c
tu

re

Standard care 1 1 2 1 6 1

Balneotherapy 2

Muscle str. exercise 1 1
Physiotherapy
treatment 1 1 2

Insoles 1

Tai Chi 2

Weight loss 1

Acupuncture 6 2

Placebo 2 2 1

Sham Acupuncture 1 2
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Network Table 4: The intervention comparisons included in the connected network with acupuncture
for WOMAC index, the end of treatment, grouped intervention set, higher-quality analysis.

S
ta

n
d
a
rd

c
a
re

M
u
sc

le
s
tr

.
e
x
e
rc

is
e

T
a
i
C

h
i

A
c
u
p
u
n
c
tu

re

S
h
a
m

A
c
u
p
u
n
c
tu

re

Standard care 1 2 3 1

Muscle str. exercise 1

Tai Chi 2

Acupuncture 3 1

Sham Acupuncture 1 1

Network Table 5: The intervention comparisons included in the connected network with acupuncture
for WOMAC index, the end of treatment, therapy-only intervention set, any-quality analysis.

S
ta

n
d
a
rd

c
a
re

B
a
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e
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e
ra
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y

M
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.
e
x
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e

H
e
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t
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e
a
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e
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t
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s

P
E

S
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i
C

h
i

T
E

N
S

W
e
ig

h
t
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s
s

A
c
u
p
u
n
c
tu

re

P
la

c
e
b
o

S
h
a
m

A
c
u
p
u
n
c
tu

re

Standard care 1 2 1 1 6 1

Balneotherapy 2
Muscle str.
exercise 1 1

Heat treatment 1

Insoles 1

PES 1

Tai Chi 2

TENS 1 1

Weight loss 1

Acupuncture 6 2

Placebo 2 1 1 1

Sham Acupuncture 1 2

Network Table 6: The intervention comparisons included in the connected network with acupuncture
for WOMAC index, the end of treatment, therapy-only intervention set, higher-quality analysis.
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p
u
n
c
tu

re

S
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m

A
c
u
p
u
n
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re

Standard care 1 2 3 1
Muscle str.
exercise 1

Tai Chi 2

Acupuncture 3 1
Sham
Acupuncture 1 1
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Network Table 7: The intervention comparisons included in the connected network with acupuncture
for WOMAC index, the three months from start of treatment, therapy-plus-adjunct intervention set,
any-quality analysis.

SC/UT
SC/UT+

EX Acu/NoMed Acu/UT ExMu/NoMed ExMu/UT Hea/UT Tai/UT Wei/UT ShAcu/UT

SC/UT 1 4 1 2 1

SC/UT+ EX 1 1 1 1

Acu/NoMed 1

Acu/UT 4 1 1

ExMu/NoMed 1

ExMu/UT 1 1

Hea/UT 1

Tai/UT 2 1

Wei/UT 1

ShAcu/UT 1 1

See Table 3 for abbreviations

Network Table 8: The intervention comparisons included in the connected network with acupuncture
for WOMAC index, the three months from start of treatment, therapy-plus-adjunct intervention set,
higher-quality analysis.

SC/UT
SC/UT+

EX Acu/UT ExMu/NoMed ExMu/UT Tai/UT ShAcu/UT

SC/UT 2 1 1

SC/UT+ EX 1 1 1

Acu/UT 2 1

ExMu/NoMed 1

ExMu/UT 1

Tai/UT 1

ShAcu/UT 1

See Table 3 for abbreviations

Network Table 9: The intervention comparisons included in the connected network with acupuncture
for WOMAC index, the three months from start of treatment, grouped intervention set, any-quality
analysis.
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c
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S
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A
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Standard care 2 1 2 1 6 1

Balneotherapy 2

Muscle str. exercise 2 1
Physiotherapy
treatment 1 1 3

Insoles 1

Tai Chi 2

Weight loss 1

Acupuncture 6 2

Placebo 2 3 1

Sham Acupuncture 1 2
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Network Table 10: The intervention comparisons included in the connected network with
acupuncture for WOMAC index, the three months from start of treatment, grouped intervention set,
higher-quality analysis.
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Muscle str.
exercise 2

Tai Chi 1

Acupuncture 3 1
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Acupuncture 1 1

Network Table 11: The intervention comparisons included in the connected network with
acupuncture for WOMAC index, the three months from start of treatment, therapy-only intervention
set, any-quality analysis.
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Placebo 2 1 1 1 1
Sham
Acupuncture 1 2
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Network Table 12: The intervention comparisons included in the connected network with
acupuncture for WOMAC index, the three months from start of treatment, therapy-only intervention
set, any-quality analysis.

S
ta

n
d
a
rd

c
a
re

M
u
sc

le
s
tr

.
e
x
e
rc

is
e

T
a
i
C

h
i

A
c
u
p
u
n
c
tu

re

S
h
a
m

A
c
u
p
u
n
c
tu

re

Standard care 2 1 3 1
Muscle str.
exercise 2

Tai Chi 1

Acupuncture 3 1

Sham Acupuncture 1 1



163

10.4.3 Network meta-analysis appendix tables

NMA Appendix Table 1: The number of trials with each of the specified scales that would be used in the
analyses for each treatment out of the 91 trials with adequate data
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S
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S
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AIMS VAS 0 - 10 2 1
AIMS2 pain subscale
(0-10 scale) 1

AIMS-4 item 1

Borg Scale 0-10 1

KSS 10 pt Likert 1 1

Likert 1 1

Likert 1-6 1 1
Likert Four graded
pain scale (1-none,4-
severe) 2 1 1 1
Lysholm pain scale (no
pain =25, constant
pain =0) 1

Lysholm scores 1

McGill 1

NR VAS 0 - 10 1 1 1

NRS VAS 0 - 10 1
Numerical Pain Rating
Scale and VAS 0-100

1
Scale 1 (minimal) to 10
(maximal) and pain
diary 1

VAS 0 – 10 2 2 1 5 1 1 2 2 1 3 1

VAS 0 – 100 2 2 2 1 1 2 1 5 1

WOMAC

Yes - Likert 5 5 1 1 6 2 2 1 1 3 2

Yes - VAS 10 1 1 1 1 1 1 1 1

Yes - VAS 100 2 2 4 2 1 1
Yes - std mean (VAS
100) 2 1

Yes - Not specified 1 2

Total
1
8 9 1 6

2
5 4 3 3 2 4 3 1 4 4 1 4

1
1 3 8
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NMA Appendix Table 2: The mean standard deviations across the all the trials and across trials of
good or satisfactory quality only, and the mean standard deviations by main intervention, for the VAS
0-10 scale.

VAS 0-10 scale

Mean SD Mean SD
Number of
trials

Satisfactory +
quality trials

Number
of trials All trials

Acu 2 1.67 2 1.67

Bal 2 0.96

ExAe 1 1

ExMu 2 1.42 5 1.5

Ins 1 2.4 1 2.4

Int 2 2.16

Las 2 1.76

Man 2 1.62

PES 1 0.51 2 1.74

TENS 3 1.86

SC 3 2.67

P 1 2.7 12 1.84

ShAcu 1 1.2 1 1.2
Mean across
treatments 1.62 1.75

See Table 3 for abbreviations

NMA Appendix Table 3: The mean standard deviations across the all the trials and across trials of good or
satisfactory quality only, and the mean standard deviations by main intervention, for the Likert 5 scale.

Likert 5 scale

Mean SD Mean SD
Number of
trials

Satisfactory +
trials

Number
of trials All trials

Acu 3 3.64 5 3.49

Bal 1 4.13

ExAe 1 4.2 1 4.2

ExMu 4 3.47 6 3.44

Hea 2 4.34

Las 2 3.19 2 3.19

PEMF 1 3.11

Wei 2 4.2 3 3.63

SC 6 3.8 11 3.46

P 2 3.82 5 4.06

NoTr 1 3.4 1 3.4

ShAcu 2 4.53 2 4.53
Mean across
treatments 3.77 3.67

See Table 3 for abbreviations
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NMA Appendix Table 4: Sensitivity analyses on including or excluding the correlation between comparisons in
multiple-arm trials and halving or not halving the comparator sample size for one of the therapy-plus-adjunct
intervention analyses

Comparator: standard care; standardised mean differences
Including
correlation; full N

Including
correlation; halve
N

Excluding correlation;
halve N

Intervention mean sd mean sd mean sd

ExAe/NoMed -0.24 0.21 -0.24 0.21 -0.26 0.21

Int/UT -1.03 0.30 -1.03 0.31 -1.07 0.32

ExMu/NoMed -0.56 0.64 -0.55 0.65 -0.54 0.69

ShAcu/NoMed -0.21 0.21 -0.23 0.22 -0.12 0.24

Acu/NoMed -0.44 0.72 -0.41 0.79 -0.34 0.82

TENS/NoMed -0.01 0.67 -0.03 0.67 0.08 0.69

Ins/UT -1.23 0.47 -1.25 0.55 -1.28 0.55

Mag/UT -1.03 0.16 -1.02 0.17 -1.11 0.17

SC/UT+AN -0.54 0.26 -0.56 0.26 -0.47 0.28

Acu/UT -0.39 0.46 -0.39 0.46 -0.41 0.48

TENS/UT -4.28 0.82 -4.29 0.81 -4.30 0.83

PES/UT -0.49 0.25 -0.50 0.26 -0.48 0.28

Las/UT -1.62 0.81 -1.59 0.88 -1.55 0.91

Ice/NoMed -0.41 0.12 -0.42 0.12 -0.39 0.12

Man/UT -0.66 0.35 -0.65 0.36 -0.67 0.37

Tai/UT -0.25 0.29 -0.28 0.30 -0.19 0.32

ExMu/UT+EX -0.88 0.83 -0.84 0.94 -0.74 1.05

Ice/UT -0.59 0.38 -0.64 0.44 -0.56 0.48

Bal/UT -1.05 0.57 -1.07 0.57 -0.96 0.59

P/NoMed -1.86 0.80 -1.89 0.81 -1.78 0.92

ShAcu/UT -0.85 0.41 -0.87 0.41 -0.76 0.43

Wei/UT+EX -0.77 0.31 -0.82 0.32 -0.79 0.34

ExAe/UT 0.21 0.55 0.22 0.54 0.20 0.57

Wei/UT -0.90 0.31 -0.91 0.31 -0.82 0.33

PEMF/NoMed -0.45 0.75 -0.44 0.76 -0.43 0.81

NoTr/NoMed -0.29 0.33 -0.31 0.34 -0.20 0.36

ExMu/UT -1.03 0.53 -1.05 0.53 -0.95 0.56

Bra/UT -0.32 0.39 -0.32 0.39 -0.32 0.42

Tai/NoMed -0.79 0.32 -0.79 0.32 -0.81 0.33

PEMF/UT -1.20 0.44 -1.19 0.46 -1.18 0.49

Hea/UT -0.90 0.28 -0.94 0.29 -0.82 0.32

SC/UT+EX -0.47 0.33 -0.47 0.34 -0.45 0.37

P/UT -0.49 0.35 -0.50 0.35 -0.50 0.38

NoTr/UT -1.28 0.70 -1.31 0.75 -1.34 0.77

NMES/UT+EX -0.52 0.24 -0.50 0.24 -0.60 0.25

Average 0.44 Average 0.46 Average 0.49

See Table 3 for abbreviations



166

NMA Appendix Table 5: Results for the grouped intervention higher-quality trials pain network – end of treatment time point

Intervention Comparators

Standard care Placebo No intervention Acupuncture Balneotherapy Aerobic exercise Muscle exercise Physio treatment Insoles Tai Chi Weight loss
Sham

Acupuncture

Me
an

Credible
interval

Me
an

Credible
interval

Me
an

Credible
interval

Me
an

Credible
interval

Me
an

Credible
interval

Me
an

Credible
interval

Me
an

Credible
interval

Me
an

Credible
interval

Me
an

Credible
interval

Me
an

Credible
interval

Me
an

Credible
interval

Me
an

Credible
interval

Standard
care 0 0

1.7
2

(0.58 to
2.86)

-
0.3
3

(-1.20 to
0.54)

1.0
1

(0.64 to
1.40)

1.0
2

(0.20 to
1.82)

-
0.1
3

(-0.81 to
0.57)

0.3
8

(0.03 to
0.73)

1.5
7

(0.62 to
2.53)

1.7
3

(0.51 to
2.98)

0.2
6

(-0.38 to
0.91)

-
0.0
2

(-0.51 to
0.49)

0.4
7

(-0.02 to
0.96)

Placebo

-
1.7
2

(-2.86 to -
0.58)

0.0
0

(0.00 to
0.00)

-
2.0
6

(-3.40 to -
0.71)

-
0.7
1

(-1.90 to
0.49)

-
0.7
1

(-2.11 to
0.70)

-
1.8
5

(-3.18 to -
0.52)

-
1.3
5

(-2.43 to -
0.25)

-
0.1
5

(-0.77 to
0.48)

0.0
1

(-0.46 to
0.51)

-
1.4
6

(-2.77 to -
0.15)

-
1.7
4

(-2.98 to -
0.50)

-
1.2
6

(-2.48 to -
0.03)

No
intervention

0.3
3

(-0.54 to
1.20)

2.0
6

(0.71 to
3.40)

0.0
0

(0.00 to
0.00)

1.3
5

(0.41 to
2.28)

1.3
5

(0.16 to
2.53)

0.2
1

(-0.91 to
1.31)

0.7
1

(-0.09 to
1.51)

1.9
1

(0.70 to
3.10)

2.0
7

(0.65 to
3.52)

0.6
0

(-0.48 to
1.68)

0.3
2

(-0.69 to
1.31)

0.8
0

(-0.19 to
1.78)

Acupunctur
e

-
1.0
1

(-1.40 to -
0.64)

0.7
1

(-0.49 to
1.90)

-
1.3
5

(-2.28 to -
0.41)

0.0
0

(0.00 to
0.00)

0.0
0

(-0.90 to
0.89)

-
1.1
4

(-1.93 to -
0.35)

-
0.6
4

(-1.13 to -
0.15)

0.5
6

(-0.45 to
1.58)

0.7
2

(-0.55 to
2.01)

-
0.7
5

(-1.50 to -
0.01)

-
1.0
3

(-1.65 to -
0.40)

-
0.5
5

(-0.93 to -
0.17)

Balneother
apy

-
1.0
2

(-1.82 to -
0.20)

0.7
1

(-0.70 to
2.11)

-
1.3
5

(-2.53 to -
0.16)

0.0
0

(-0.89 to
0.90)

0.0
0

(0.00 to
0.00)

-
1.1
4

(-2.20 to -
0.07)

-
0.6
4

(-1.51 to
0.25)

0.5
6

(-0.69 to
1.83)

0.7
2

(-0.74 to
2.22)

-
0.7
5

(-1.78 to
0.29)

-
1.0
3

(-1.98 to -
0.07)

-
0.5
5

(-1.50 to
0.41)

Aerobic
exercise

0.1
3

(-0.57 to
0.81)

1.8
5

(0.52 to
3.18)

-
0.2
1

(-1.31 to
0.91)

1.1
4

(0.36 to
1.93)

1.1
4

(0.07 to
2.20)

0.0
0

(0.00 to
0.00)

0.5
0

(-0.26 to
1.28)

1.7
0

(0.53 to
2.88)

1.8
6

(0.46 to
3.29)

0.3
9

(-0.55 to
1.33)

0.1
1

(-0.57 to
0.80)

0.5
9

(-0.26 to
1.44)

Muscle
exercise

-
0.3
8

(-0.73 to -
0.03)

1.3
5

(0.25 to
2.43)

-
0.7
1

(-1.51 to
0.09)

0.6
4

(0.15 to
1.13)

0.6
4

(-0.25 to
1.51)

-
0.5
0

(-1.28 to
0.26)

0.0
0

(0.00 to
0.00)

1.2
0

(0.30 to
2.09)

1.3
6

(0.17 to
2.56)

-
0.1
1

(-0.85 to
0.61)

-
0.3
9

(-1.00 to
0.21)

0.0
9

(-0.50 to
0.67)

Physio
treatment

-
1.5
7

(-2.53 to -
0.62)

0.1
5

(-0.48 to
0.77)

-
1.9
1

(-3.10 to -
0.70)

-
0.5
6

(-1.58 to
0.45)

-
0.5
6

(-1.83 to
0.69)

-
1.7
0

(-2.88 to -
0.53)

-
1.2
0

(-2.09 to -
0.30)

0.0
0

(0.00 to
0.00)

0.1
6

(-0.61 to
0.96)

-
1.3
1

(-2.47 to -
0.16)

-
1.5
9

(-2.67 to -
0.51)

-
1.1
1

(-2.18 to -
0.05)

Insoles

-
1.7
3

(-2.98 to -
0.51)

-
0.0
1

(-0.51 to
0.46)

-
2.0
7

(-3.52 to -
0.65)

-
0.7
2

(-2.01 to
0.55)

-
0.7
2

(-2.22 to
0.74)

-
1.8
6

(-3.29 to -
0.46)

-
1.3
6

(-2.56 to -
0.17)

-
0.1
6

(-0.96 to
0.61)

0.0
0

(0.00 to
0.00)

-
1.4
7

(-2.88 to -
0.09)

-
1.7
5

(-3.10 to -
0.43)

-
1.2
7

(-2.60 to
0.04)

Tai Chi

-
0.2
6

(-0.91 to
0.38)

1.4
6

(0.15 to
2.77)

-
0.6
0

(-1.68 to
0.48)

0.7
5

(0.01 to
1.50)

0.7
5

(-0.29 to
1.78)

-
0.3
9

(-1.33 to
0.55)

0.1
1

(-0.61 to
0.85)

1.3
1

(0.16 to
2.47)

1.4
7

(0.09 to
2.88)

0.0
0

(0.00 to
0.00)

-
0.2
8

(-1.09 to
0.54)

0.2
0

(-0.61 to
1.01)

Weight loss
0.0
2

(-0.49 to
0.51)

1.7
4

(0.50 to
2.98)

-
0.3
2

(-1.31 to
0.69)

1.0
3

(0.40 to
1.65)

1.0
3

(0.07 to
1.98)

-
0.1
1

(-0.80 to
0.57)

0.3
9

(-0.21 to
1.00)

1.5
9

(0.51 to
2.67)

1.7
5

(0.43 to
3.10)

0.2
8

(-0.54 to
1.09)

0.0
0

(0.00 to
0.00)

0.4
8

(-0.22 to
1.18)

Sham
Acupunctur
e

-
0.4
7

(-0.96 to
0.02)

1.2
6

(0.03 to
2.48)

-
0.8
0

(-1.78 to
0.19)

0.5
5

(0.17 to
0.93)

0.5
5

(-0.41 to
1.50)

-
0.5
9

(-1.44 to
0.26)

-
0.0
9

(-0.67 to
0.50)

1.1
1

(0.05 to
2.18)

1.2
7

(-0.04 to
2.60)

-
0.2
0

(-1.01 to
0.61)

-
0.4
8

(-1.18 to
0.22)

0.0
0

(0.00 to
0.00)
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Appendix Figure 1: The average treatment duration for each of the main treatments with evidence available for the end of treatment time point
analysis. The treatments are coded in the table with the number of trials for each treatment.
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Appendix Figure 2: The average treatment duration and average follow up time for each of the main treatments that would be entered into the 3
months from start of follow up time point analysis. The treatments are coded in the table with the number of trials for each treatment.
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10.4.4 Network meta-analysis: Lists of (reference numbers of the) studies included in
each analysis

10.4.4.1 Pain outcome analyses

End of treatment, therapy-plus-adjunct intervention set, any-quality studies
140 54 78 144 151 60 91 129

120 86 85 55 35 79 26a 149

131 159 52 87 38 28 26b 148

128 34 81 59 97 27 66 139

132 101 40 43 124 90 61 44

76 49 68 126 125 72 155 106

142 107 48 31 93 33 62 116

37 42 63 94 57 104 96 146

160 41 137 45 71 77 32 74

110 56 138 51 82 75 67

End of treatment, therapy-plus-adjunct intervention set, higher-quality studies
76 45

54 93

34 82

78 90

52 33

40 91

68 96

63 44

43

End of treatment, grouped intervention set, any-quality studies
140 54 42 63 31 93 33 62 106

120 86 41 137 94 57 104 96 116

131 159 56 138 45 71 77 32 146

95 34 78 152 51 82 75 67 36

128 99 85 144 151 60 91 129 147

76 101 52 55 35 79 26a 149 74

142 113 81 87 38 28 26b 148

37 49 40 59 97 27 66 109

160 107 68 43 124 90 61 139

110 46 48 126 125 72 155 44
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End of treatment, grouped intervention set, higher-quality studies
76 78 43 33

110 52 45 91

54 40 93 155

34 68 57 96

113 63 82 109

46 152 90 44

End of treatment, therapy-only intervention set, any-quality studies
140 110 46 48 126 125 72 155 44

120 54 42 63 31 93 33 62 106

131 86 41 137 94 57 104 96 116

95 159 56 138 45 71 77 32 146

128 34 78 152 51 82 75 67 36

132 99 85 144 151 60 91 129 147

76 101 52 55 35 79 26a 149 74

142 113 81 87 38 28 26b 148

37 49 40 59 97 27 66 109

160 107 68 43 124 90 61 139

End of treatment, therapy-only intervention set, higher-quality studies
76 68 90

54 63 33

34 43 91

46 45 96

78 93 44

52 57

40 82

Three months from the start of treatment, therapy-plus-adjunct intervention set, any-quality
studies
120 101 68 51 27 155 106

95 107 48 35 90 105 146

128 42 137 38 72 62 154

132 41 144 97 104 96 74

76 56 87 93 77 32

142 78 59 71 75 67

110 85 43 82 91 149

54 52 69 60 26a 148

86 81 94 79 26b 139

34 40 45 28 66 44



171

Three months from the start of treatment, therapy-plus-adjunct intervention set, higher-quality studies
76 68 90

54 43 91

34 69 96

78 45 44

52 93

40 82

Three months from the start of treatment, grouped intervention set, any-quality studies
140 99 52 59 57 77 32 36

120 101 81 43 71 75 67 147

95 113 40 69 82 91 149 74

128 107 68 94 60 26a 148

76 46 48 45 79 26b 109

142 42 137 51 28 66 139

110 41 152 35 27 155 44

54 56 144 38 90 105 106

86 78 55 97 72 62 146

34 85 87 93 104 96 154

Three months from the start of treatment, grouped intervention set, higher-quality studies
76 78 69 155

110 52 45 96

54 40 93 109

34 68 57 44

113 152 82 154

46 43 91 90

Three months from the start of treatment, therapy-only intervention set, any-quality studies
140 34 85 87 93 104 96 154

120 99 52 59 57 77 32 36

95 101 81 43 71 75 67 147

128 113 40 69 82 91 149 74

132 107 68 94 60 26a 148

76 46 48 45 79 26b 109

142 42 137 51 28 66 139

110 41 152 35 27 155 44

54 56 144 38 90 105 106

86 78 55 97 72 62 146
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Three months from the start of treatment, therapy-only intervention set, higher-quality studies
76 40 57

54 68 82

34 43 91

99 69 96

78 45 44

52 93

10.4.4.2 Overall WOMAC score analyses

End of treatment, therapy-plus-adjunct intervention set, any-quality studies
34 35

42 38

41 90

44 75

94 91

45

End of treatment, therapy-plus-adjunct interventions set, higher-quality studies
34 90

44 91

45

End of treatment, grouped intervention set, any-quality studies
42 95 137

41 128 94

44 110 90

45 34 75

35 99 91

38 46

End of treatment, grouped intervention set, higher-quality studies
44 46

45 90

34 91

End of treatment, therapy-only intervention set, any-quality studies
42 95 137

41 128 94

44 110 90

45 34 75

35 99 91

38 46
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End of treatment, therapy-only intervention set, higher-quality studies
44 46

45 90

34 91

Three months from the start of treatment, therapy-plus-adjunct intervention set, any-quality studies
34 45

42 35

41 38

44 90

69 75

94 91

Three months from the start of treatment, therapy-plus-adjunct intervention set, higher-quality
studies
34 45

44 91

69

Three months from the start of treatment, grouped intervention set, any-quality studies
42 95 94

41 128 154

44 110 90

69 34 75

45 99 91

35 46

38 137

Three months from the start of treatment, grouped intervention set, higher-quality studies
44 34

69 46

45 91

Three months from the start of treatment, therapy-only intervention set, any-quality studies
42 95 94

41 128 154

44 110 90

69 34 75

45 99 91

35 46

38 137

Three months from the start of treatment, therapy-only intervention set, higher-quality studies
44 34

69 46

45 91



174

10.5 Network meta-analysis WinBUGS code
#Random effects model for multi-arm trials (any number of arms)

model{
for(i in 1:N){

prec[i]<-1/var[i]
diff[i]~dnorm(delta[i],prec[i]) # model
delta[i] ~ dnorm(md[i],taud[i]) # trial-specific distributions

md[i] <- d[t[i]] - d[b[i]] + sw[i] # mean of distributions
taud[i] <- tau *2*(nd[i])/(nd[i]+1) #precision of distributions

dev[i]<-(diff[i]-delta[i])*(diff[i]-delta[i])/var[i]
}

#adjustment, multi-arm RCTs

sw[1] <-0
sw[2]<-((delta[1] - d[t[1]] + d[b[1]])*equals(s[1],s[2]))/nd[2]

for(i in 3:N){

sw[i] <- ((delta[i-1] - d[t[i-1]] + d[b[i-1]])*equals(s[i-1],s[i])+(delta[i-2] - d[t[i-2]] + d[b[i-2]])*equals(s[i-2],s[i]))/nd[i]

}

sumdev<-sum(dev[]) # residual deviance

d[1]<-0
for (k in 2:NT){d[k] ~ dnorm(0,.0001) } # vague priors for basic parameters

sd~dunif(0,2) # vague prior for random effects standard deviation
tau<-1/pow(sd,2)
vr<1/tau # calculates the between study variance

}



175

list(N=95, NT=36)

diff[] var[] t[] b[] nd[] s[]
0.107898285 0.023267397 26 4 1 1
-0.149161681 0.034305608 11 2 1 2
-0.114197207 0.071545009 31 3 1 3
-0.242640196 0.108982733 32 5 1 4
............

#Random effects model adjusted to evaluate consistency

model{

#w is the treatment comparison being tested for inconsistency between the direct and indirect evidence

w<-4

for(i in 1:N){

prec[i]<-1/var[i]
diff[i]~dnorm(diff1[i],prec[i]) # model

#splits the direct and indirect evidence

diff1[i]<-delta[i]*equals(con[i],w)+phi[i]*(1-equals(con[i],w))

phi[i] ~ dnorm(md[i],taud[i]) # trial-specific distributions

md[i] <- d[t[i]] - d[b[i]] + sw[i] # mean of distributions
taud[i] <- tau *2*(nd[i])/(nd[i]+1) #precision of distributions

delta[i] ~ dnorm(md1[i],taud[i]) # trial-specific distributions

md1[i] <- d1[t[i]] - d1[b[i]] + sw1[i] # mean of distributions
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dev[i]<-(diff[i]-delta[i])*(diff[i]-delta[i])/var[i]
}

#adjustment, multi-arm RCTs
#this retains the correlation between multiple arms

sw[1] <-0
sw[2]<-((phi[1] - d[t[1]] + d[b[1]])*(1-equals(con[1],w))*equals(s[1],s[2]))/nd[2]+((delta[1] - d1[t[1]] +

d1[b[1]])*equals(con[1],w)*equals(s[1],s[2]))/nd[2]

sw1[1] <-0
sw1[2]<-((delta[1] - d1[t[1]] + d1[b[1]])*equals(con[1],w)*equals(s[1],s[2]))/nd[2]+((phi[1] - d[t[1]] + d[b[1]])*(1-

equals(con[1],w))*equals(s[1],s[2]))/nd[2]

for(i in 3:N){

sw[i] <- ((phi[i-1] - d[t[i-1]] + d[b[i-1]])*(1-equals(con[i-1],w))*equals(s[i-1],s[i])+(phi[i-2] - d[t[i-2]] + d[b[i-2]])*(1-equals(con[i-
2],w))*equals(s[i-2],s[i]))/nd[i]+((delta[i-1] - d1[t[i-1]] + d1[b[i-1]])*equals(con[i-1],w)*equals(s[i-1],s[i])+(delta[i-2] - d1[t[i-2]] + d1[b[i-
2]])*equals(con[i-2],w)*equals(s[i-2],s[i]))/nd[i]

sw1[i] <- ((delta[i-1] - d1[t[i-1]] + d1[b[i-1]])*equals(con[i-1],w)*equals(s[i-1],s[i])+(delta[i-2] - d1[t[i-2]] + d1[b[i-2]])*equals(con[i-
2],w)*equals(s[i-2],s[i]))/nd[i]+((phi[i-1] - d[t[i-1]] + d[b[i-1]])*(1-equals(con[i-1],w))*equals(s[i-1],s[i])+(phi[i-2] - d[t[i-2]] + d[b[i-2]])*(1-
equals(con[i-2],w))*equals(s[i-2],s[i]))/nd[i]

}

sumdev<-sum(dev[]) # residual deviance

d[1]<-0
for (k in 2:NT){d[k] ~ dnorm(0,.0001) } # vague priors for basic parameters

d1[1]<-0
for (k in 2:NT){d1[k] ~ dnorm(0,.0001) }

sd~dunif(0,2) # vague prior for random effects standard deviation
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tau<-1/pow(sd,2)

#this calculates the direct and indirect estimates for the same comparison

P[1]<-d[32]-d[5]
P[2]<-d1[32]-d1[5]
for(m in 1:2){
rk[m]<-rank(P[],m)
best[m]<-equals(rk[m],1)

}

}

list(N=95, NT=36)

diff[] var[] t[] b[] nd[] s[] con[]

0.107898285 0.023267397 26 4 1 1 20
-0.149161681 0.034305608 11 2 1 2 20
-0.114197207 0.071545009 31 3 1 3 20
-0.242640196 0.108982733 32 5 1 4 4
0.061092357 0.100046653 17 32 1 5 20
................
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10.6 Data Extraction Tables
Full data extraction tables are available at http://www.york.ac.uk/inst/crd/Documents/AllInterventionsDataExtraction.pdf

http://www.york.ac.uk/inst/crd/Documents/AllInterventionsDataExtraction.pdf
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10.7 PRISMA Checklist

Section/topic Checklist item Page number

Title 1 Identify the report as a systematic review, meta-analysis, or both. i

ABSTRACT

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources;
study eligibility criteria, participants, and interventions; study appraisal and synthesis methods;
results; limitations; conclusions and implications of key findings; systematic review registration
number.

1-6

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already known. 7-8

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants,
interventions, comparisons, outcomes, and study design (PICOS).

9

METHODS

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if
available, provide registration information including registration number.

10

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g.,
years considered, language, publication status) used as criteria for eligibility, giving rationale.

11

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study
authors to identify additional studies) in the search and date last searched.

12-13

Search 8 Present full electronic search strategy for at least one database, including any limits used, such
that it could be repeated.

147-149

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review,
and, if applicable, included in the meta-analysis).

13

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate)
and any processes for obtaining and confirming data from investigators.

13

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any
assumptions and simplifications made.

14

Risk of bias in individual
studies

12 Describe methods used for assessing risk of bias of individual studies (including specification of
whether this was done at the study or outcome level), and how this information is to be used in
any data synthesis.

14

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 14-15
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Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including
measures of consistency (e.g., I

2
) for each meta-analysis.

14-16

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication
bias, selective reporting within studies).

13-14

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-
regression), if done, indicating which were pre-specified.

17-20

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with
reasons for exclusions at each stage, ideally with a flow diagram.

91

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS,
follow-up period) and provide the citations.

22-90

and 178

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome-level assessment (see
Item 12).

22-90

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary
data for each intervention group and (b) effect estimates and confidence intervals, ideally with a
forest plot.

95-131

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of
consistency.

22-90 and

95-131

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 22-90

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-
regression) (see Item 16).

95-131

DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider
their relevance to key groups (e.g., health care providers, users, and policy makers).

134-135

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review level (e.g.,
incomplete retrieval of identified research, reporting bias).

135-137

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications
for future research.

138

FUNDING

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data);
role of funders for the systematic review.

Iii
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