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ABSTRACT 1 

Objective: To evaluate whether interventions aimed at increasing adherence to therapeutic 2 

exercise increase adherence greater than a contextually equivalent control among older adults 3 

with chronic low back pain and/or hip/knee osteoarthritis. 4 

Design: A systematic review and meta-analysis.  5 

Data sources: Five databases (MEDLINE (PubMed), CINAHL, SportDISCUS (EBSCO), 6 

Embase (Ovid) and Cochrane Library) were searched until 1 August 2016. 7 

Eligibility criteria for selecting studies: Randomised controlled trials that isolated the effects 8 

of interventions aiming to improve adherence to therapeutic exercise among adults ≥45 years 9 

of age with chronic low back pain and/or hip/knee osteoarthritis were included. 10 

Results: Of 3899 studies identified, 9 studies (1045 participants) were eligible. Four studies, 11 

evaluating strategies that aimed to increase motivation or using behavioural graded exercise, 12 

reported significantly better exercise adherence (d=0.26 to 1.23). In contrast, behavioural 13 

counseling, action coping plans and/or audio/video exercise cues did not improve adherence 14 

significantly. Meta-analysis using a random effects model with the two studies evaluating 15 

booster sessions with a physiotherapist for people with osteoarthritis revealed a small to 16 

medium significant pooled effect in favor of booster sessions (SMD 0.39, 95%CI 0.05 to 0.72, 17 

z=2.26 (p=0.02), I²= 35%).  18 

Conclusions: Meta-analysis provides moderate quality evidence that booster sessions with a 19 

physiotherapist assisted people with hip/knee osteoarthritis to better adhere to therapeutic 20 

exercise. Individual high quality trials supported the use of motivational strategies in people 21 

with chronic low back pain and behavioural graded exercise in people with osteoarthritis to 22 

improve adherence to exercise.   23 

24 
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What is already known? 1 

 The benefits of exercise for older adults with chronic low back pain and hip/knee 2 

osteoarthritis are well established. 3 

 Adherence to exercise programs is important to optimise clinical benefits, and strategies 4 

to enhance exercise adherence have been evaluated in clinical trials.    5 

 Previous systematic reviews of the effectiveness of interventions for improving 6 

exercise adherence were hampered by a lack of contextual equivalence between control 7 

and intervention groups. 8 

 9 

What are the new findings? 10 

 Meta-analysis of two studies provides moderate quality evidence that booster sessions 11 

with a physiotherapist may improve adherence to exercise in people with hip/knee 12 

osteoarthritis. 13 

 Individual clinical trials provide emerging evidence to support the use of patient 14 

motivational strategies in people with chronic low back pain and behavioural graded 15 

exercise in people with osteoarthritis to improve adherence to exercise. 16 

 Accurate reporting of intervention components and development of a standard, 17 

validated measure of exercise adherence are urgent research priorities in order to 18 

progress this field of research. 19 

 20 

21 
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INTRODUCTION 1 

Chronic low back pain and osteoarthritis, typically affecting the hip and/or knee, are the most 2 

common causes of musculoskeletal pain in older adults worldwide.[1] Both conditions are 3 

debilitating due to chronic pain and physical dysfunction, leading to significant loss of quality-4 

of-life and substantial societal impact.[2, 3] The incidence of both chronic low back pain and 5 

osteoarthritis is expected to rise.[4, 5] Management of both conditions focuses on preventing 6 

unnecessary disability, minimizing pain and maintaining optimal function, with a combination 7 

of pharmacologic and non-pharmacologic therapies.[6, 7] Therapeutic exercise is a core 8 

component of self-management of both chronic low back pain and osteoarthritis in older 9 

adults.[7-9]  10 

Therapeutic exercise is participation in physical activity that is planned, structured, repetitive 11 

and purposeful for the improvement or maintenance of a specific health condition (or 12 

disease).[10] This definition encompasses general aerobic exercise, strengthening, flexibility, 13 

balance or body-region specific exercises. There is high quality evidence that exercise 14 

improves pain and function in older adults with chronic low back pain and lower limb 15 

osteoarthritis.[2, 11, 12] Although exercise provides immediate and short-term clinically 16 

worthwhile effects,[11, 13-15] adherence to exercise declines significantly over time among 17 

older adults with chronic low back pain and those with hip/knee osteoarthritis.[11, 14, 15] 18 

Similar barriers to exercise adherence, such as fear of movement and pain aggravation, time 19 

management and uncertainty about the benefits of exercise have been reported across these 20 

populations.[16-19] As such, increasing adherence to exercise programs is recognised as an 21 

important factor for longer-term effectiveness.[20]  22 

Adherence is defined as the extent to which a person’s behaviour corresponds with the agreed 23 

recommendations from healthcare providers.[21] Various strategies to improve adherence to 24 

exercise have been explored among people with chronic musculoskeletal problems, including 25 
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education, goal setting, supervision of exercises, and the use of self-monitoring techniques such 1 

as an exercise diary. A 2010 Cochrane review[22] evaluated the efficacy of interventions to 2 

improve adherence to exercise for people with chronic musculoskeletal pain. Whilst the authors 3 

concluded that supervised or individualized exercise therapy and self-management techniques 4 

may enhance adherence, they noted uncertainty in the findings as effects were inconsistent 5 

across included studies. Similarly, a recent systematic review found limited evidence for 6 

interventions to increase exercise adherence among people with osteoarthritis and rheumatoid 7 

arthritis.[23] However, both of these systematic reviews are limited by the use of very broad 8 

inclusion criteria that included studies that could not isolate the specific effects of adherence 9 

strategies included within interventions. To draw accurate conclusions from experimental 10 

studies, the only difference between a control and target intervention should be the active 11 

ingredients hypothesized to produce benefit.[24] An analysis of the 2010 Cochrane review 12 

found that the contextual equivalence of the control and target interventions of the included 13 

studies was low, significantly limiting the conclusions that could be drawn about the effects of 14 

adherence interventions.[25] A similar limitation also applies to the systematic review by Ezzat 15 

at al.[23]  16 

The primary objective of this study was to systematically review and describe randomised 17 

controlled trials evaluating interventions to increase adherence to therapeutic exercise, 18 

compared to contextually equivalent control interventions, among older adults with chronic 19 

low back pain and/or hip/knee osteoarthritis. A secondary aim was to perform meta-analysis 20 

on homogeneous randomised controlled trials to determine if interventions are effective at 21 

increasing exercise adherence. 22 

 23 

METHODS 24 
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The review is reported in accordance with the Preferred Reporting Items for Systematic 1 

Reviews and Meta-Analyses (PRISMA) statement.[26] The protocol for this systematic review 2 

was not registered. 3 

Search strategy 4 

The search strategy was developed in consultation with a research librarian from the University 5 

of Melbourne. Three components of the search strategy were developed separately (population, 6 

exercise, adherence) then combined using database-specific truncation terms. Both MESH 7 

headings and keywords were used for each term. The full MEDLINE (PubMed) search strategy 8 

is detailed in Appendix 1. The following electronic databases were searched by one reviewer 9 

(PN) from their inception until 1 August 2016: MEDLINE (PubMed), CINAHL, SportDISCUS 10 

(EBSCO), Embase (Ovid) and Cochrane Library. The reference lists of any relevant systematic 11 

reviews found by the search were screened to identify potentially eligible additional primary 12 

studies. Supplementary searches of the reference lists of included studies were also undertaken. 13 

Study selection 14 

Randomised controlled trials (RCTs) involving therapeutic exercise for people 45 years or 15 

older with chronic (>3 months) low back pain and/or hip/knee osteoarthritis were considered 16 

eligible. Where mixed populations of participants were reported only those with 50% or more 17 

meeting the above population criteria were included. Any form of therapeutic exercise was 18 

eligible, including aerobic exercise, strengthening exercise, balance exercise etc. Studies were 19 

required to test an intervention that aimed to improve adherence to therapeutic exercise. To be 20 

eligible, the control arm of included studies was required to receive therapeutic exercise 21 

comparable to the intervention arm, such that the only point of difference between control and 22 

intervention groups was the specific adherence strategy under investigation. Randomised 23 

controlled trials that compared the effectiveness of two or more different adherence strategies 24 
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were eligible, as long as all other treatment elements (including the exercise programs) 1 

remained similar across trial arms. Studies were required to measure exercise adherence. Any 2 

quantitative measure of exercise adherence was deemed eligible, including numerical rating 3 

scales and log book/diary measures. Studies not available in English, conducted on animals or 4 

published in abstract form only were excluded.  5 

A two-step process was utilised for study screening and selection, using the eligibility criteria 6 

outlined above. In the first step, titles and abstracts of all identified studies were independently 7 

screened by two reviewers in a standardized manner (AVG and PN). Disagreement regarding 8 

potentially eligible studies was resolved independently by a third reviewer (MH). Following 9 

title and abstract screening, the full text of all potentially eligible articles was retrieved and 10 

each screened independently for final inclusion by the same two reviewers (AVG and PN). 11 

Inter-rater agreement was measured by calculating percentage agreement and the kappa (κ) 12 

coefficient. Any differences regarding final eligibility were independently resolved by a third 13 

reviewer (MH) as required. 14 

Data extraction 15 

A data extraction form was developed by multiple authors, independently piloted by two 16 

authors (PN and RH) and subsequently adjusted to ensure all relevant data were captured. Two 17 

authors (AVG and PN) independently extracted data from the included study reports using the 18 

standardized form. Disagreements were resolved by discussion between the two review 19 

authors. If no agreement could be reached it was planned that a third author (RH) would 20 

independently adjudicate. Descriptive data extracted from each study included: study location, 21 

inclusion criteria, characteristics of study participants (sample size, age, gender), content of 22 

adherence and control group interventions (number and length of sessions, exercise type, mode 23 

of delivery, any additional intervention components), whether behaviour change theory was 24 
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used in developing the adherence intervention, outcomes used to measure exercise adherence 1 

and time points of outcome measurement. For each study, data regarding the effects of the 2 

adherence intervention on exercise adherence were extracted for each adherence outcome 3 

measure at each measured time point. We extracted means (standard deviations) or medians 4 

(interquartile range) or odds ratio (95% confidence interval) for adherence outcome measures 5 

as appropriate, along with results of relevant between-group statistical comparisons. We 6 

contacted authors for data when insufficient information was reported in the study publication. 7 

Quality of intervention reporting 8 

For each study the Template for Intervention Description and Replication (TIDieR) checklist 9 

was applied to assess the quality of description of the interventions evaluated.[27] This 10 

checklist consists of 12 items that constitute complete and replicable reporting of interventions 11 

(brief name, why, what (materials), what (procedure), who provided, how, where, when and 12 

how much, tailoring, modifications, how well (planned) and how well (actual)).[27] 13 

Risk of bias assessment 14 

The degree of bias in included studies was assessed independently by two authors (PN and 15 

AVG) using the Cochrane Risk of Bias Tool.[28] This tool rates seven potential sources of bias 16 

across six domains (sequence generation, allocation concealment, blinding, incomplete 17 

outcome data, selective outcome reporting and ‘other sources of bias). Each potential source 18 

of bias was rated as low, unclear or high risk. Where there was disagreement between raters, 19 

discrepancies were resolved by discussion and consensus with a third author (FD) if necessary. 20 

Absolute agreement, and an estimate of level of agreement between reviewers who rated the 21 

risk of bias in included studies was assessed by calculating percentage agreement and the kappa 22 

(κ) coefficient for the total number of items of the Cochrane Risk of Bias Tool.[11] 23 



9 
 

Data synthesis 1 

Descriptive characteristics and outcomes of included studies were summarised in tables and 2 

synthesized primarily in narrative format. Effect sizes (Cohens d) for the difference between 3 

adherence and control interventions for adherence outcomes at each time point were calculated 4 

using 𝑑 =
(𝑚𝑒𝑎𝑛1−𝑚𝑒𝑎𝑛2)

𝑆𝐷 𝑝𝑜𝑜𝑙𝑒𝑑
 (where SD pooled = √[(SD1² + SD2²)/2]. Effect sizes (d) were 5 

interpreted as being small ≤ 0.20 ; medium = 0.50 ; large ≥ 0.80.[29] We anticipated there 6 

would be limited scope for meta-analyses due to heterogeneity across studies. We did not 7 

anticipate included studies would provide sufficient data for subgroup analyses, thus we had 8 

no pre-planned subgroup analyses. Studies that were sufficiently homogeneous to allow data 9 

pooling were analysed using Review Manager (RevMan, version 5.2) statistical software. We 10 

considered studies to be clinically homogenous enough to allow pooling when inclusion 11 

criteria, interventions, patients and comparators were deemed similar, and comparable outcome 12 

measures were used to assess adherence. Pooled continuous data were expressed as 13 

standardized mean difference (SMD) with 95% confidence intervals. Significance was set at 14 

p<0.05. The random effects model was used for analyses and statistical heterogeneity across 15 

pooled studies was quantified using the I² statistic. Values >50% were considered to represent 16 

substantial heterogeneity, and were deemed unsuitable for pooling.[30]  17 

Following meta-analysis, the strength of the body of evidence was synthesized using the 18 

Grading of Recommendations Assessment, Development and Evaluation (GRADE) 19 

approach.[31] The quality of evidence was downgraded from high quality by one level for each 20 

of the following criteria: presence of one or more high risk domains in the Cochrane Risk of 21 

Bias assessment, inconsistent (wide confidence intervals) or unexplained heterogeneity of 22 

results.[31] Indirectness was not relevant to this review as search terms encompassed a specific 23 

population, outcomes measures of interest and direct comparisons.  24 
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 1 

RESULTS 2 

Study selection 3 

The process of study selection is shown in Figure 1. The initial search yielded 4741 references. 4 

After removal of duplicates, screening of 3899 titles and abstracts yielded 73 references for full 5 

text review. Of these, the reviewers agreed on inclusion of seven, exclusion of sixty-three and 6 

disagreed about whether three studies should be included (96% absolute agreement, κ = 0.80), 7 

indicating good agreement between the reviewers.[32] Following arbitration by the third 8 

reviewer, two articles were included and one excluded. This resulted in a total of nine unique 9 

studies, involving 1045 participants, for inclusion in the review.  10 

Study characteristics 11 

Descriptive characteristics of the nine included studies are shown in Table 1.  12 
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Table 1 Description of included studies. 1 

 2 

Study Inclusion criteria Sample characteristics Intervention content 

  

Control group 

Adherence 

intervention 

group 

Control intervention Adherence intervention 

Chronic low back pain studies     

Basler 

2007 

Germany 

Aged ≥65 years. Diagnosis of 

chronic LBP. Self-reported pain at 

time of inclusion. 

N=84 

Age: 70±5 

Female: 65.5% 

N=86 

Age: 70±4 

Female: 62.8% 

 

 

10x 20 minute sessions with 

physiotherapist over 5 weeks + home 

exercise program: stretching and 

tailored exercise (strength, endurance, 

co-ordination) + 10 minutes of sham 

ultrasound prior to session. 

Control intervention (excluding sham 

ultrasound) + 10 minutes of 

counselling at each session, delivered 

by the physiotherapist, focusing on 

readiness to change and increasing 

self-efficacy. 

Freidrich  

1998 

Austria 

Aged 20-60 years. Topographic 

criteria for chronic LBP ± radiation 

- back pain ≥4 months or ≥3 

episodes of LBP in past 6 months 

with current episode lasting ≥2 

months. 

N=49 

Age: 45±11 

Female: 45% 

 

 

 

 

N=44 

Age: 43±10 

Female: 57% 

 

 

 

 

10x 25 minute exercise sessions over 

4-5 weeks. Individual, submaximal, 

gradually increased exercise program 

aiming to improve spinal mobility, 

trunk and lower limb muscles strength 

and length. 

Control intervention + 

Motivation program delivered by 

therapist during sessions, consisting of: 

education about importance of 

exercise; counselling and positive 

reinforcement techniques; written 

exercise contract; exercise diary. 

Vong  

2011 

Hong Kong 

Aged 18-65 years. Diagnosis of 

LBP for >3 months. 

N=38 

Age: 45±11 

Female: 68% 

 

 

N=38 

Age: 45±11 

Female: 58% 

 

 

10x 30 minute sessions over 8 weeks 

with physiotherapist consisting of 15 

minutes of interferential + tailored 

back exercise program and daily home 

exercise program.  

Control intervention + Motivational 

Enhancement Therapy (MET) 

techniques integrated into sessions, 

including supporting appropriate 

behaviour change and increasing self-

efficacy. 
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Hip and/or knee osteoarthritis studies     

Bennell 

2014 

Australia 

Aged ≥ 45 years. Knee pain ≥25mm 

on VAS. Radiographic medial 

tibiofemoral OA. Pain 

predominantly medial knee. 

N=38 

Age: 64±7 

Female: 47% 

 

 

 

N=40 

Age: 61±7 

Female: 60% 

 

 

 

10-14x 30 minute individual exercise 

sessions with a physiotherapist over 12 

weeks. Advice to continue an 

unsupervised home exercise program 

of strengthening or neuromuscular 

retraining exercises 4x week for 24 

weeks (from the end of the original 12 

week period). 

Control intervention + 2x 30minute 

individual ‘booster’ sessions with a 

physiotherapist over 16 weeks (at 

weeks 8 and 16 from the end of the 

original RCT 12 week period). 

Reviewed and progressed home 

exercise program content and dose, 

discussed barriers to exercise 

adherence and strategies to overcome 

these. 

Brosseau  

2012 

Canada 

Mild-to moderate 

unilateral/bilateral knee OA 

according to ACR clinical and 

radiographic/MRI criteria. Pain >3 

months. 

N=79 

Age: 64±10 

Female: 70% 

 

 

 

 

N=69 

Age: 64±8 

Female: 74% 

 

 

 

 

3x 65 minute group walking sessions 

supervised by a physical activity 

specialist per week for 12 months; 

Monetary compensation for each 

walking session attended; Educational 

pamphlet; Log book; Pedometer. 

 

 

Control intervention + 20x 2 hour 

group sessions over 20 weeks with a 

trained instructor including short and 

long term goal setting, education about 

physical activity benefits + monthly 

face-to-face counselling targeting 

strategies to overcome barriers to 

adherence for the first 6 months 

followed by monthly telephone calls 6-

12 months. 

O’Brien  

2013 

New Zealand 

Aged ≥50 years. Hip or knee OA 

according to ACR clinical and 

radiographic criteria. 

N=17 

Age: 64±11 

Female: 80% 

 

  

N=10 

Age: 63±10 

Female: 47% 

 

 

3x class-based exercise sessions per 

week for 12 weeks supervised by a 

research assistant: resistance circuit 

consisting of 8 stations x 60sec each x3 

Control intervention + Action and 

coping plan based on individual 

functional goal and identified barriers 

to exercise – when, where, how to 

perform exercises + coping plan 
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circuits; 2x week 20 minute home 

walking and stretching program. 

completed and signed by patient and 

researcher. 

Pisters             

2010                  

The Netherlands 

Aged 50 to 80 years. Hip or knee 

OA according to 

ACR clinical criteria.  

N=103 

Age: 65±8 

Female: 79% 

 

 

N=97 

Age: 65±7 

Female: 75% 

 

 

18x 30 minute individual sessions over 

12 weeks with a physiotherapist 

consisting of general recommendations 

and advice, non-individualised exercise 

program and encouragement of 

positive attitude. 

18x 30 minute individual sessions over 

12 weeks with a physiotherapist 

delivering an individually tailored 

behavioural graded exercise program 

directed at a time-effective increase in 

level of activities + 5-7x booster 

sessions at weeks 18 (allowed up to 2x 

sessions), 25 (allowed up to 2x 

sessions), 34, 42 and 55. 

Schoo  

2005 

Australia 

Aged ≥60 years. Pain in one 

or both knees/hips previous 

week when climbing stairs, 

walking, transferring + knee or hip 

OA confirmed by 

medical practitioner and 

verified by a physiotherapist. 

N=30 

Age: 71 ±7 

Female: 63% 

 

 

Audio group 

N=30 

Age: 71±7 

Female: 67% 

Video group 

N=30 

Age: 69±6 

Female: 70% 

3x individual sessions with a 

physiotherapist over 8 weeks (baseline, 

4 weeks and 8 weeks) consisting of 

face to face verbal instruction on the 

performance of 9 home exercises and a 

brochure of the exercises. 

 

Audio group: Control intervention + 

audio tape of verbal cues to prompt 

correct performance of exercises. 

Video group: Control intervention + 

video tape of verbal and visual cues to 

prompt correct performance of 

exercises. 

Tuzun  

2012 

Turkey 

Aged ≥40 years. OA according to 

ACR clinical/radiographic criteria. 

 

N=32 

Age: 57±9 

Female: 97% 

N=32 

Age: 52±10 

Female: 100% 

4x individual sessions with the 

investigator physician over 12 weeks 

consisting of verbal explanation of 8x 

home exercises and brochure 

demonstrating the exercises. 

4x individual sessions with 

investigator physician over 12 weeks 

consisting of exercise demonstration 

by physician, coaching of participant 

performing the exercises and gradual 

increase in exercise intensity (isometric 

progressing to isotonic exercises). 
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 1 

N=Number. LBP=Low Back Pain. OA=Osteoarthritis.  VAS= Visual Analogue Scale. ACR=American College of Rheumatology. 2 

MRI=Magnetic Resonance Imaging.  3 

* Additional data (means, standard deviations) obtained directly from author. 4 
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Studies were published between 1998 and 2014, four were conducted in Europe,[33-36] three 1 

in Australia/New Zealand,[37-39] one in Canada[40] and one in Hong Kong.[41] Three studies 2 

recruited older adults with chronic low back pain (total n=339),[33, 34, 41] three recruited 3 

participants with knee osteoarthritis (total n=364)[36, 37, 40] and three recruited participants 4 

with either hip or knee osteoarthritis (total n=342).[35, 38, 39] Intervention duration ranged 5 

from 3 sessions over 8 weeks to 23 sessions over 55 weeks, with follow-up periods ranging 6 

from 8 to 65 weeks. A number (n=4, 44%) of studies assessed adherence at short-term (≤3 7 

months) time points only.[36, 38, 39, 41] Two studies reported mid-term (3-6months) follow-8 

up,[33, 37] and three studies reported long-term (≥12 months) outcome measurement.[34, 35, 9 

40]  10 

Significant variation existed in the content of the specific adherence interventions evaluated. 11 

Five studies involved complex behavioural interventions with multiple components including 12 

education, counselling, positive reinforcement techniques and use of an exercise diary.[33-35, 13 

40, 41] Two studies included behavioural graded exercise, alone[36] or in combination with 14 

booster sessions supervised by a clinician.[35] One study examined booster sessions supervised 15 

by a clinician in isolation,[37] one evaluated action coping plans[39] and one utilised an audio 16 

or video tape of exercises in addition to verbal instructions of the exercise program.[38] 17 

Four studies explicitly referred to the use of behaviour change theory or other conceptual 18 

frameworks in developing their intervention.[33, 36, 40, 41] Three based their intervention 19 

development on the Transtheoretical Model of Behaviour Change,[33, 36, 41] and one on the 20 

Knowledge to Action Cycle conceptual framework for knowledge translation.[40] 21 

Table 2 describes the outcomes used to measure exercise adherence, including the time points 22 

for follow-up and missing data at each time point. A range of data was captured including 23 

ratings of overall adherence, time spent exercising, exercise session attendance and number 24 
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of home sessions completed. The most common was self-reported performance of exercise in 1 

log-books.[33, 34, 36-38, 41] Some studies included therapist-reported attendance at exercise 2 

sessions.[34, 39, 40] The number of adherence outcome measures used in each study ranged 3 

from one[33, 35, 36, 40, 41] to four.[34] Most studies utilized custom-developed numerical 4 

rating scales for self-rating adherence and only one utilized a specific questionnaire (the 5 

Sport Injury Rehabilitation Adherence Scale).[42] A number of studies reported considerable 6 

amounts of missing data. One study utilizing self-reported log books had complete data for 7 

only 55% of the original cohort at the 12 month follow-up.[34] Another study measuring 8 

exercise session attendance reported complete data for only 56% of the original cohort at 12 9 

weeks.[39] 10 
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Table 2 Effects of adherence intervention on adherence outcomes reported across included studies. 1 

Study 

 
Adherence measurement method 

Measurement 

time points 

Participant 

retention 

(% of original 

cohort) 

Results (mean±SD) 
Significance 

(p value) 

Effect 

size 

(d) 

    
Control  

group 

Adherence 

intervention 

group 

  

Chronic low back pain studies      

Basler,  

2007 

Self-reported in log book– time per day spent training 

(minutes). 

6 weeks 

6 months 

86% 

86% 

24.7±16.3 

25.3±19.7 

29.2±14.6 

29.6±24.2 

NR 

NR 

0.29 

0.19 

Freidrich, 

1998 

Therapist-reported exercise session attendance (n, out of 

maximum of 10).  

4 months 90% 8.6±2.1 9.6±1.1 p=0.0005 0.60 

 Self-reported in log book– number of days per week trained 

(n). 

Self-reported in log book– time per day spent training 

(minutes). 

Self-reported in log book - total training time (minutes). 

4 months 

12 months 

4 months 

12 months 

4 months 

12 months 

90% 

74% 

90% 

74% 

90% 

74% 

2.9 ±1.1 

3.1±2.2 

16.1±10.2 

16.4±13.0 

748±668 

1516±1397 

3.6±5.0 

4.0±1.9 

17.9±8.7 

15.5±8.6 

917±656 

2024±2026 

NR 

p=0.036 

NR 

NR 

NR 

NR 

0.19 

0.44 

0.19 

-0.08 

0.26 

0.29 

Vong,  

2011 

Self-reported in log book - sessions of home practice 

completed per week (n).  

4 weeks 

8 weeks 

12 weeks 

83% 

79% 

74% 

6.8±3.7 

6.2±3.6 

5.8±4.1 

12.8 ±8.1 

13.9±8.1 

12.9±7.2 

p=0.002 

NR 

NR 

0.95 

1.23 

1.21 

Hip and/or knee osteoarthritis studies      

Bennell, 

2014 

Self-reported in log book – number of exercises completed 

per day. Values reported as % of prescribed exercises 

24 weeks 95% 51±37 56±34 p>0.05 0.14 
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performed over 2 x 1 week periods (where 100% indicates all 

prescribed exercises performed as directed). 

 Self-reported overall adherence to the prescribed exercise 

program. Values reported as average of ratings given for the 

previous 8-week period at Weeks 8, 16 & 24.  (11 point NRS: 

0=not at all, 10=completely as instructed). 

24 weeks 95% 5.5±3.5 6.1±3.2 p>0.05 0.18 

Brosseau, 

2012 

 

 

Therapist-reported exercise sessions attended (n, out of 

maximum of 3/week). 

 

3 months 

6 months 

9 months 

12 months 

83% 

75% 

67% 

60% 

0.770±0.299 

0.617±0.410 

0.471±0.418 

0.446±0.441 

0.802±0.290 

0.636±0.390 

0.534±0.425 

0.445±0.433 

p=0.514 

p=0.774 

p=0.363 

p=0.989 

0.11 

0.05 

0.15 

-0.00 

O’Brien, 

2013 

Therapist-reported class attendance (n, out of maximum of 

31). 

 

12 weeks 56% 16±10 17±11 p=0.81 0.10 

 Class participation scored by therapist on the Sports Injury 

Rehabiliation Adherence Scale (3 items scored on a 5 point 

NRS: exercise intensity, ability to follow instructions and 

receptiveness to changes to program. Total score out of 15). 

12 weeks 56% 4.6±0.9 4.5±0.4 p=0.52 -0.14 

 Self-reported adherence to home stretching program. 

Participants asked whether they performed exercises as 

prescribed (5 point NRS: 1=not at all, 5=as advised). 

Self-reported adherence to home walking program. 

Participants asked whether they performed the program as 

prescribed (5 point NRS: 1=not at all, 5=as advised). 

12 weeks 

 

 

12 weeks 

 

56% 

 

 

56% 

3.9±0.2 

 

 

3.5±1.0 

3.7±1.3 

 

 

3.6 ±1.3 

p=0.21 

 

 

p=0.93 

-0.22 

 

 

0.09 

Pisters, 

2010 

Self-reported overall adherence. Participants were asked how 

frequently they performed the exercises as prescribed (5 point 

NRS: 1=almost never, 5=very often). 

13 weeks 

 

65 weeks 

96% 

 

90% 

59%  

 

34%  

75%  

 

44%  

OR 4.3  

(95%CI 2.1-9.0) 

OR 3.0 
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Values reported as % that scored 4 or 5/5). 

Self-reported overall adherence. Participants were asked how 

frequently they performed the exercises as prescribed (5 point 

NRS: 1=almost never, 5=very often). 

 

13 weeks 

65 weeks 

 

96% 

90% 

 

3.47±0.95* 

3.14±0.99* 

 

4.23±0.94* 

3.71±1.15* 

(95%CI 1.5-6.0) 

NR 

NR 

 

0.80 

0.53 

Schoo,  

2005 

 

Self-reported in log book. Participants asked if all, some or 

none of prescribed exercises were performed each day. 

Values reported as median % that reported completing all 

exercises. 

4 weeks 

 

8 weeks 

NR 

 

78% 

93.0% 

 

89.5% 

Audio: 89.0% 

Video: 92.0% 

Audio: 87.0% 

Video: 81.5% 

p=0.690 

 

p=0.538 

¥ 

 

¥ 

Tuzun,  

2012 

 

Self-reported in log book – number of exercise sessions 

completed each day.  

Values reported as % of participants compliant with all 

exercise sessions as prescribed; median(IQR). 

4 weeks 

12 weeks 

NR 

NR 

72.5 (55-97.5) 

55 (25-85) 

100 (100-100) 

100 (90-100) 

p=0.125 

p=0.036 

¥ 

¥ 

 1 

n=Number. NR=Not reported. NRS=Numeric Rating Scale. OR=Odds ratio. CI=Confidence Interval. QR=Interquartile Range. SD=Standard 2 

Deviation.  3 

* Additional data (means, standard deviations) obtained directly from author. 4 

¥  Unable to calculate from data provided.5 
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Table 3 shows the TIDieR checklist for included studies. Three studies fulfilled all 12 1 

requirements for complete intervention reporting.[35, 37, 38] Less than half of included studies 2 

(n=4, 44%) adequately reported all activities and processes used in the intervention (Item 4). 3 

Details of physical and informational materials used in the intervention (Item 3) and details of 4 

the intervention provider, including expertise and any specific training give (Item 5) were also 5 

poorly described in a number of included studies (n=4, 44 % did not fulfill checklist 6 

requirements for these items). 7 
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Table 3 TIDieR checklist for reporting of interventions in included studies. 1 

TIDieR 

Item 

1 

Brief 

name 

2 

Why 

3 

What 

(materials) 

4 

What 

(procedures) 

 

5 

Who 

provided 

6 

How 

7 

Where 

8 

When and 

How Much 

9 

Tailoring 

10 

Modifications 

11 

How well 

(planned) 

12 

How well 

(actual) 

Chronic low back pain studies 

Basler,  

2007 
           

Freidrich, 

1998 
            

Vong,  

2011 
            

Hip and/or knee osteoarthritis studies 

Bennell,  

2014 
            

Brosseau, 

2012 
            

O’Brien, 

2013 
            

Pisters,  

2010 
            

Schoo,  

2005 
            

Tuzun,  

2012 
            

 = Item sufficiently described in the study.  = Inadequately or not described. 2 
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Risk of bias assessment 1 

Risk of bias across included studies was scored on 63 items (7 items per study). The two 2 

reviewers agreed on the scoring of 58 items (92% absolute agreement, κ=0.85) indicating very 3 

good agreement.[32] Consensus was reached on disagreements after discussion. Results of the 4 

risk of bias assessment are shown in Figure 2. All studies had at least one domain judged as 5 

unclear risk of bias. The main weaknesses of included studies related to reporting bias, where 6 

only one study was rated as being at low risk.[37] A number of studies reported pre-specified 7 

outcomes incompletely, or in a way that excluded inclusion in a meta-analysis. A high risk of 8 

performance bias (lack of blinding of participants and personnel) was evident in two 9 

studies,[33, 37] and was unclear in three studies.[34, 36, 38] Four (44%) of the studies were 10 

judged to be at low risk of selection bias,[33, 35, 37, 40] and four (44%) at low risk of detection 11 

bias.[35, 39-41] 12 

Effects of interventions 13 

Outcomes regarding the effects of adherence interventions on exercise adherence are presented 14 

in Table 2. Only two studies (evaluating booster sessions in people with osteoarthritis) were 15 

suitable for meta-analysis, as clinical heterogeneity in the other included studies meant no other 16 

meta-analyses were considered appropriate. 17 

Chronic low back pain 18 

Two studies involving motivation programs targeting increasing self-efficacy through positive 19 

reinforcement and education reported statistically significant differences between intervention 20 

and control group adherence at one or more time point measured.[34, 41] Effect sizes ranged 21 

from large (d = 1.23), short-term[41] to small to medium (d= 0.44) at long-term follow-up.[34] 22 

Behavioural counseling, focusing on readiness to change did not improve adherence.[33] 23 
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Hip and/or knee osteoarthritis 1 

One study examining the use of behavioural graded activity in people with knee 2 

osteoarthritis[36] and one study including a combination of behavioural graded exercise and 3 

“booster” sessions in people with hip or knee osteoarthritis[35] reported statistically better 4 

adherence at one or more time points compared to control. Effect sizes ranged from large (d= 5 

0.80) at mid-term follow-up, to medium (d=0.53) at long-term follow-up.[35] Only one study, 6 

examining behavioural graded activity and booster sessions, reported significant differences in 7 

exercise adherence with the intervention at all measured time points.[35] Among studies that 8 

measured adherence at multiple time points in more than one category of short-, mid- and long-9 

term, mean raw adherence scores for both intervention and control groups decreased from 10 

short-/mid- to long-term.[35, 40]  11 

The four studies that did not find statistically significant benefits of the intervention on 12 

adherence compared to control groups included one study evaluating goal setting and strategies 13 

to overcome barriers to adherence,[40] booster sessions with a physiotherapist,[37] action 14 

coping plans[39] or audio/video exercise performance cues.[38] 15 

The two studies[35, 37] (229 participants) that evaluated booster sessions were pooled for 16 

meta-analysis (Figure 3). The pooled effect of these interventions on improving adherence as 17 

measured by a self-reported numeric rating scale was small to medium but significant, 18 

compared to control groups (SMD 0.39; 95%CI 0.05 to 0.72; z=2.26; p=0.02; I²= 35%). As 19 

further research could have an impact on the magnitude and confidence in the estimate of this 20 

effect and there is a risk of performance bias in one of the two included studies, the current 21 

evidence for this type of intervention was graded as “Moderate”.[31]  22 

 23 
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DISCUSSION 1 

This systematic review identified nine unique studies evaluating interventions to increase 2 

adherence to therapeutic exercise among older adults with chronic low back pain and/or 3 

hip/knee osteoarthritis. Due to significant heterogeneity across studies, we were only able to 4 

conduct a limited meta-analysis. We found moderate quality evidence that incorporating 5 

booster sessions with a physiotherapist may improve therapeutic exercise adherence in people 6 

with osteoarthritis. We also found emerging evidence from individual high quality studies that 7 

interventions specifically targeting patient motivation to exercise, or adopting a behavioural 8 

graded exercise approach may improve therapeutic exercise adherence in people with chronic 9 

low back pain and osteoarthritis respectively. However effect sizes declined to medium (at 10 

best) over the long-term. Results of this systematic review and limited meta-analysis suggest 11 

that behavioural counseling, use of action coping plans or audio/video exercise performance 12 

cues are ineffective at improving exercise adherence in these patient groups.  13 

In contrast to previous systematic reviews,[22, 23] which included studies that could not isolate 14 

the specific effects of the adherence strategy under investigation, our review included only 15 

studies with contextual equivalence between control and target interventions. Despite this, our 16 

findings are largely consistent with those of previous reviews. In people with osteoarthritis and 17 

rheumatoid arthritis, Ezzat and colleagues[23] included 19 studies, of which 13 involved 18 

participants with osteoarthritis. They did not perform a meta-analysis and concluded there was 19 

limited evidence that interventions can improve exercise adherence. Of the 42 studies included 20 

in the 2010 Cochrane review[22] of interventions to improve adherence to exercise for chronic 21 

musculoskeletal pain in adults, all but two included people with osteoarthritis and spinal pain. 22 

Although the authors concluded that supervised or individualized exercise therapy may 23 

enhance exercise adherence, this conclusion is questionable given the lack of contextual 24 

equivalence between control and intervention arms of the included RCTs.   25 
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Our review highlighted some potential strategies that may be effective for increasing exercise 1 

adherence and warrant further research. Techniques specifically aimed at increasing patient 2 

motivation to exercise appear promising for people with chronic low back pain, based on the 3 

positive findings of two individual moderate-high quality studies.[34, 41] These techniques 4 

include positive feedback and reinforcement of patient efforts, advice about posting self-5 

reminders at home to complete exercises, the use of an exercise diary and the use of a 6 

“treatment contract”. Patient motivation to exercise is critical for sustained exercise 7 

adherence,[43] and a systematic review of individual and intervention-related factors 8 

associated with adherence to home exercise among people with chronic low back pain found 9 

incorporating motivational strategies in interventions was associated with increased 10 

adherence.[44] 11 

Another intervention with promise is behavioural graded exercise for people with hip or knee 12 

osteoarthritis. Behavioural graded exercise uses principles of operant conditioning and self-13 

regulation, and is directed at gradually increasing intensity of exercise and integration of 14 

exercises into daily living.[35, 36, 45] Lack of confidence in capability to exercise, lack of time 15 

and inability to accommodate exercises in daily life have been recognized as significant barriers 16 

to exercise participation among people with knee osteoarthritis.[16, 46, 47] The use of 17 

behavioural graded exercise addresses these barriers directly.  18 

Pooled analysis found moderate quality evidence for booster sessions improving mid-long term 19 

exercise adherence in people with osteoarthritis. Booster sessions involve returning to a 20 

therapist after an initial period of exercise treatment. Content of these sessions may vary. In 21 

the two included studies these sessions focused on review and progression of the home exercise 22 

program and discussion of progress and barriers to exercise adherence.[35, 37] The use of such 23 

sessions provides ongoing contact and reinforcement, both of which are recognized as 24 

facilitators to exercise adherence in this population.[16]  25 
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Given the vast array of factors known to influence exercise adherence in people with chronic 1 

low back pain and/or osteoarthritis, no single strategy will be effective in overcoming all 2 

barriers to exercise participation in all people, all of the time.[16, 18, 20, 44, 48] For 3 

interventions to effectively facilitate behaviour change, the use of theoretical rationale is 4 

imperative when designing interventions.[49] Medical Research Council guidelines 5 

recommend including theory within complex intervention study designs,[50] however only 6 

four studies in this systematic review explicitly referred to the use of behaviour change theory 7 

or other conceptual frameworks in developing their intervention.[33, 36, 40, 41]  8 

Furthermore, it is likely that multi-faceted adherence interventions, that contain multiple 9 

behaviour change techniques and address multiple barriers to exercise participation, are 10 

required. Previous literature has suggested that complex interventions containing multiple 11 

concurrently delivered strategies can improve adherence to exercise more than a single strategy 12 

intervention among wider chronic disease populations.[51] Alternate to multi-faceted 13 

adherence interventions is an individualized targeted approach to promoting exercise 14 

adherence, whereby the unique barriers to exercise participation are established for each patient 15 

and a targeted interventional strategy developed collaboratively between the clinician and 16 

patient in order to increase exercise adherence.[52]  Although an intervention of targeted 17 

exercise adherence is promising for improving adherence for longer periods in older adults 18 

with knee pain,  results to date have been published as conference abstracts only, preventing 19 

inclusion in this review.[53, 54] 20 

Strengths and limitations 21 

This review advances previous systematic reviews in comparable populations.[22, 23] 22 

Although our review included fewer eligible studies, those that were reviewed demonstrated 23 

acceptable contextual equivalence between intervention and control groups, allowing us to 24 
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determine whether interventions increase adherence more accurately than previous systematic 1 

reviews. We conducted an extensive database review, however it is possible that articles were 2 

missed during the search due to publication and selective reporting biases, presenting a 3 

potential limitation. In addition, our ability to pool data was limited due to the heterogeneity in 4 

interventions and outcomes identified.  5 

It is possible that effectiveness of booster sessions, and indeed other interventions designed to 6 

increase adherence, may be influenced by factors such as co-morbidities, age of the patient, 7 

cognitive capability and location of intervention delivery, however this has not yet been 8 

explored to date. 9 

Improved reporting of interventions is required. Interventions in many of the included studies 10 

in this review were poorly described, particularly with respect to physical or informational 11 

materials used in the intervention. These deficiencies in reporting preclude clinicians and 12 

researchers from reliably replicating or implementing interventions. Previous literature has 13 

found this to be common amongst interventions designed to change behaviour,[55, 56] and as 14 

a result, the Behaviour Change Technique Taxonomy was developed to provide a clear and 15 

replicable method of coding the components of any behaviour change intervention.[57] In 16 

addition, the recently published Consensus on Exercise Reporting Template (CERT) was 17 

developed to provide guidance specifically in reporting exercise programmes.[58] Future 18 

randomized controlled trials should consider utilising these in addition to the TIDieR 19 

checklist,[27] both in developing and reporting intervention content.  20 

Finally, the heterogeneity in outcomes used to measure exercise adherence remains an issue, 21 

and limited our ability to pool data in this review. This has been previously acknowledged as 22 

a limitation to advancing research in this field.[59] A recent systematic review of measures of 23 

self-reported adherence to home exercise programmes concluded there is no gold standard 24 
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measure.[60] Psychometric evaluation of commonly used self-reported measures of exercise 1 

adherence, and development of a validated standard outcome measure for adherence, should 2 

be a research priority.  3 

 4 

CONCLUSION 5 

In conclusion, this systematic review identified a small number of randomized controlled trials 6 

that evaluated whether interventions aimed at increasing adherence to therapeutic exercise 7 

increased adherence among older adults with chronic low back pain and/or hip/knee 8 

osteoarthritis. Meta-analysis provides moderate quality evidence for booster sessions with a 9 

physiotherapist improving patient adherence to therapeutic exercise in people with 10 

osteoarthritis. Individual high quality trials provide emerging evidence to support the use of 11 

patient motivational strategies and behavioural graded exercise to improve adherence to 12 

exercise in people with chronic low back pain and osteoarthritis. However, effect sizes for these 13 

interventions declined over time, to medium at best long-term. 14 



29 
 

Contributors: All authors were involved in study concept and design. PN and FD performed 1 

the literature search. PN, AVG and MH screened articles for eligibility. PN, AVG and FD 2 

evaluated the quality of included articles. PN wrote the first draft of this article. All authors 3 

revised the paper and provided scientific input. All authors approved the final manuscript. RH 4 

is the guarantor (the contributor who accepts full responsibility for the finished article, had 5 

access to all data and controlled the decision to publish).  6 

Funding: PN is supported by a PhD stipend from the Medibank Health Research Fund. KB is 7 

supported by an NHMRC Principal Research Fellowship (#1058440). RH is supported by an 8 

Australian Research Council Future Fellowship (FT130100175). AVG is supported by an 9 

NHMRC program grant (#061887). MH is supported by the National Institute for Health 10 

Research (NIHR) School for Primary Care Research. The views expressed in this publication 11 

are those of the authors and not necessarily those of the National Health Service, the NIHR or 12 

the Department of Health. 13 

Competing Interests: The authors declare no conflicts of interest. 14 



30 
 

REFERENCES 1 

1. Cimmino MA, Ferrone C, Cutolo M. Epidemiology of chronic musculoskeletal pain. 2 

Best Pract Res Clin Rheumatol. 2011;25(2):173-83. 3 

2. Searle A, Spink M, Ho A, Chuter V. Exercise interventions for the treatment of 4 

chronic low back pain: a systematic review and meta-analysis of randomised controlled trials. 5 

Clin Rehabil. 2015;29(12):1155-67. 6 

3. Arden N, Nevitt MC. Osteoarthritis: epidemiology. Best Pract Res Clin Rheumatol. 7 

2006;20(1):3-25. 8 

4. Felson DT, Zhang Y. An update on the epidemiology of knee and hip osteoarthritis 9 

with a view to prevention. Arthritis Rheum. 1998;41(8):1343-55. 10 

5. Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Pract Res Clin 11 

Rheumatol. 2014;28(1):5-15. 12 

6. Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al. OARSI 13 

recommendations for the management of hip and knee osteoarthritis, Part II: OARSI 14 

evidence-based, expert consensus guidelines. Osteoarthritis Cartilage. 2008;16(2):137-62. 15 

7. Koes BW, van Tulder MW, Ostelo R, Kim Burton A, Waddell G. Clinical guidelines 16 

for the management of low back pain in primary care: an international comparison. Spine 17 

(Phila Pa 1976). 2001;26(22):2504-13; discussion 13-4. 18 

8. NICE: National Institute for Health and Care Excellence. Osteoarthritis. Care and 19 

management in adults. 2014. 20 

9. Savigny P, Watson P, Underwood M. Early management of persistent non-specific 21 

low back pain: summary of NICE guidance. Bmj. 2009;338:b1805. 22 

10. World Health Organization. Global recommendations on physical activity for health. 23 

Switzerland: 2010. 24 



31 
 

11. Fransen M, McConnell S, Harmer AR, Van der Esch M, Simic M, Bennell KL. 1 

Exercise for osteoarthritis of the knee. Cochrane Database Syst Rev. 2015;1:Cd004376. 2 

12. Fransen M, McConnell S, Hernandez-Molina G, Reichenbach S. Exercise for 3 

osteoarthritis of the hip. Cochrane Database Syst Rev. 2014;22(4). 4 

13. Ettinger WH, Jr., Burns R, Messier SP, Applegate W, Rejeski WJ, Morgan T, et al. A 5 

randomized trial comparing aerobic exercise and resistance exercise with a health education 6 

program in older adults with knee osteoarthritis. The Fitness Arthritis and Seniors Trial 7 

(FAST). JAMA : the journal of the American Medical Association. 1997;277(1):25-31. 8 

14. Fransen M, McConnell S, Hernandez-Molina G, Reichenbach S. Exercise for 9 

osteoarthritis of the hip. Cochrane Database Syst Rev. 2009;3:CD007912. 10 

15. Gordon R, Bloxham S. A Systematic Review of the Effects of Exercise and Physical 11 

Activity on Non-Specific Chronic Low Back Pain. Healthcare (Basel, Switzerland). 12 

2016;4(2). 13 

16. Dobson F, Bennell KL, French SD, Nicolson PJ, Klaasman RN, Holden MA, et al. 14 

Barriers and Facilitators to Exercise Participation in People with Hip and/or Knee 15 

Osteoarthritis: Synthesis of the Literature Using Behavior Change Theory. Am J Phys Med 16 

Rehabil. 2016. 17 

17. Escolar-Reina P, Medina-Mirapeix F, Gascon-Canovas JJ, Montilla-Herrador J, 18 

Jimeno-Serrano FJ, de Oliveira Sousa SL, et al. How do care-provider and home exercise 19 

program characteristics affect patient adherence in chronic neck and back pain: a qualitative 20 

study. BMC Health Serv Res. 2010;10:60. 21 

18. Slade SC, Patel S, Underwood M, Keating JL. What are patient beliefs and 22 

perceptions about exercise for nonspecific chronic low back pain? A systematic review of 23 

qualitative studies. Clin J Pain. 2014;30(11):995-1005. 24 



32 
 

19. Sluijs EM, Kok GJ, van der Zee J. Correlates of exercise compliance in physical 1 

therapy. Phys Ther. 1993;73(11):771-82; discussion 83-6. 2 

20. Marks R. Knee osteoarthritis and exercise adherence: a review. Current Aging 3 

Science. 2012;5:72-83. 4 

21. World Health Organization. Adherence to longterm therapies: evidence for action. 5 

Geneva: World Health Organization Library, 2003. 6 

22. Jordan JL, Holden MA, Mason EE, Foster NE. Interventions to improve adherence to 7 

exercise for chronic musculoskeletal pain in adults. Cochrane Database Syst Rev. 8 

2010;20(1):CD005956. 9 

23. Ezzat AM, MacPherson K, Leese J, Li LC. The Effects of Interventions to Increase 10 

Exercise Adherence in People with Arthritis: A Systematic Review. Musculoskeletal Care. 11 

2015(1):1. 12 

24. Mohr DC, Spring B, Freedland KE, Beckner V, Arean P, Hollon SD, et al. The 13 

selection and design of control conditions for randomized controlled trials of psychological 14 

interventions. Psychotherapy and psychosomatics. 2009;78(5):275-84. 15 

25. Bishop FL, Fenge-Davies AL, Kirby S, Geraghty AW. Context effects and behaviour 16 

change techniques in randomised trials: A systematic review using the example of trials to 17 

increase adherence to physical activity in musculoskeletal pain. Psychol Health. 18 

2015;30(1):104-21. 19 

26. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic 20 

reviews and meta-analyses: the PRISMA statement. Ann Intern Med. 2009;151(4):264-9, 21 

w64. 22 

27. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. Better 23 

reporting of interventions: template for intervention description and replication (TIDieR) 24 

checklist and guide. BMJ (Clinical Research Ed). 2014;348:g1687-g. 25 



33 
 

28. Higgins JPT, Altman DG, Gtzsche PC, Jni P, Moher D, Oxman AD, et al. The 1 

Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ: British 2 

Medical Journal. 2011;343(7829):889-93 5p. 3 

29. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. New Jersey: 4 

Erlbaum; 1988. 5 

30. Deeks J, Higgins J, Altman D. Analysing data and undertaking meta-analyses. In: 6 

Higgins J, Green S, editors. Cochrane Handbook for Systematic Reviews of Interventions 7 

Version 510: The Cochrane Collaboration; 2011. 8 

31. Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions. 9 

[electronic resource]2008. 10 

32. Altman DG. Practical statistics for medical research: London ; New York : Chapman 11 

and Hall.; 1991. 12 

33. Basler HD, Bertalanffy H, Quint S, Wilke A, Wolf U. TTM-based counselling in 13 

physiotherapy does not contribute to an increase of adherence to activity recommendations in 14 

older adults with chronic low back pain - A randomised controlled trial. European Journal of 15 

Pain. 2007;11(1):31-7. 16 

34. Friedrich M, Gittler G, Halberstadt Y, Cermak T, Heiller I. Combined exercise and 17 

motivation program: effect on the compliance and level of disability of patients with chronic 18 

low back pain: a randomized controlled trial. Arch Phys Med Rehabil. 1998;79(5):475-87. 19 

35. Pisters MF, Veenhof C, de Bakker DH, Schellevis FG, Dekker J. Behavioural graded 20 

activity results in better exercise adherence and more physical activity than usual care in 21 

people with osteoarthritis: a cluster-randomised trial. J Physiother. 2010;56(1):41-7. 22 

36. Tuzun S, Cifcili S, Akman M, Topsakal N, Kalaca S, Cobek PU. How can we 23 

improve adherence to exercise programs in patients with osteoarthritis?: A randomized 24 

controlled trial. Turk Geriatri Dergisi. 2012;15(3):339-48. 25 



34 
 

37. Bennell KL, Kyriakides M, Hodges PW, Hinman RS. Effects of two physiotherapy 1 

booster sessions on outcomes with home exercise in people with knee osteoarthritis: A 2 

randomised controlled trial. Arthritis Care Res. 2014. 3 

38. Schoo AMM, Morris ME, Bui QM. The effects of mode of exercise instruction on 4 

compliance with a home exercise program in older adults with osteoarthritis. Physiother. 5 

2005;91(2):79-86. 6 

39. O'Brien D, Bassett S, McNair P. The effect of action and coping plans on exercise 7 

adherence in people with lower limb osteoarthritis: feasibility study. New Zealand Journal of 8 

Physiotherapy. 2013;41(2):49-57. 9 

40. Brosseau L, Wells GA, Kenny GP, Reid R, Maetzel A, Tugwell P, et al. The 10 

implementation of a community-based aerobic walking program for mild to moderate knee 11 

osteoarthritis (OA): a knowledge translation (KT) randomized controlled trial (RCT): Part I: 12 

The Uptake of the Ottawa Panel clinical practice guidelines (CPGs). BMC public health. 13 

2012;12:871. 14 

41. Vong SK, Cheing GL, Chan F, So EM, Chan CC. Motivational enhancement therapy 15 

in addition to physical therapy improves motivational factors and treatment outcomes in 16 

people with low back pain: a randomized controlled trial. Arch Phys Med Rehabil. 17 

2011;92(2):176-83. 18 

42. Brewer BW, Van Raalte JL, Petitpas AJ, Sklar JH, Pohlman MH, Krushell RJ, et al. 19 

Preliminary psychometric evaluation of a measure of adherence to clinic-based sport injury 20 

rehabilitation. Physical Therapy in Sport. 2000;1(3):68-74 7p. 21 

43. Teixeira PJ, Carraca EV, Markland D, Silva MN, Ryan RM. Exercise, physical 22 

activity, and self-determination theory: a systematic review. Int J Behav Nutr Phys Act. 23 

2012;9:78. 24 



35 
 

44. Beinart NA, Goodchild CE, Weinman JA, Ayis S, Godfrey EL. Individual and 1 

intervention-related factors associated with adherence to home exercise in chronic low back 2 

pain: a systematic review. The Spine Journal. 2013;13(12):1940-50. 3 

45. Veenhof C, Koke AJ, Dekker J, Oostendorp RA, Bijlsma JW, van Tulder MW, et al. 4 

Effectiveness of behavioral graded activity in patients with osteoarthritis of the hip and/or 5 

knee: A randomized clinical trial. Arthritis Rheum. 2006;55(6):925-34. 6 

46. Campbell R, Evans M, Tucker M, Quilty B, Dieppe P, Donovan JL. Why don't 7 

patients do their exercises? Understanding non-compliance with physiotherapy in patients 8 

with osteoarthritis of the knee. J Epidemiol Community Health. 2001;55(2):132-8. 9 

47. Holden MA, Nicholls EE, Young J, Hay EM, Foster NE. Role of exercise for knee 10 

pain: what do older adults in the community think? Arthritis Care Res. 2012;64(10):1554-64. 11 

48. Keogh A, Tully MA, Matthews J, Hurley DA. A review of behaviour change theories 12 

and techniques used in group based self-management programmes for chronic low back pain 13 

and arthritis. Man Ther. 2015. 14 

49. Lippke S, Ziegelmann JP. Theory-Based Health Behavior Change: Developing, 15 

Testing, and Applying Theories for Evidence-Based Interventions. Applied Psychology: An 16 

International Review. 2008;57(4):698-716. 17 

50. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and 18 

evaluating complex interventions: The new Medical Research Council guidance. 19 

International Journal of Nursing Studies. 2013;50:587-92. 20 

51. Roter DL, Hall JA, Merisca R, Nordstrom B, Cretin D, Svarstad B. Effectiveness of 21 

interventions to improve patient compliance: a meta-analysis. Med Care. 1998;36(8):1138-22 

61. 23 

52. Foster NE, Healey EL, Holden MA, Nicholls E, Whitehurst DG, Jowett S, et al. A 24 

multicentre, pragmatic, parallel group, randomised controlled trial to compare the clinical and 25 



36 
 

cost-effectiveness of three physiotherapy-led exercise interventions for knee osteoarthritis in 1 

older adults: the BEEP trial protocol (ISRCTN: 93634563). BMC Musculoskelet Disord. 2 

2014;15(1):254. 3 

53. Foster NE, Nicolls E, Holden MA, Healey EL, Tooth S, Kigozi J, et al. Improving the 4 

effectiveness of exercise therapy for older adults with knee pain: a pragmatic randomised 5 

controlled trial (the BEEP trial). Osteoarthritis Cartilage. 2016;24(Supplement 1):S43-S4. 6 

54. Foster NE, Nicholls E, Holden MA, Healey EL, Tooth S, Hay EM. Improving the 7 

effectiveness of exercise therapy for older adults with knee pain: a pragmatic randomised 8 

controlled trial (the beep trial). Physiother. 2015:404. 9 

55. Michie S, Johnston M, Francis J, Hardeman W, Eccles M. From theory to 10 

intervention: mapping theoretically derived behavioural determinants to behaviour change 11 

techniques. Appl Psychol. 2008;57(4):660-80. 12 

56. Michie S, Fixsen D, Grimshaw JM, Eccles MP. Specifying and reporting complex 13 

behaviour change interventions: the need for a scientific method: Implement Sci. 2009 Jul 14 

16;4:40. doi: 10.1186/1748-5908-4-40.; 2009. 15 

57. Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined 16 

taxonomy of behaviour change techniques to help people change their physical activity and 17 

healthy eating behaviours: the CALO-RE taxonomy. Psychol Health. 2011;26(11):1479-98. 18 

58. Slade SC, Dionne CE, Underwood M, Buchbinder R. Consensus on Exercise 19 

Reporting Template (CERT): Explanation and Elaboration Statement. Br J Sports Med. 2016. 20 

59. Holden MA, Haywood KL, Potia TA, Gee M, McLean S. Recommendations for 21 

exercise adherence measures in musculoskeletal settings: a systematic review and consensus 22 

meeting (protocol). Syst Rev. 2014;3(10):2046-4053. 23 



37 
 

60. Bollen JC, Dean SG, Siegert RJ, Howe TE, Goodwin VA. A systematic review of 1 

measures of self-reported adherence to unsupervised home-based rehabilitation exercise 2 

programmes, and their psychometric properties. BMJ Open. 2014;4(6):2014-005044. 3 

 4 

5 



38 
 

Figure legend 1 

Figure 1 Flow chart showing selection of studies 2 

 3 

Figure 2 Risk of bias summary showing review authors’ judgments about each 4 

risk of bias domain of the Cochrane Risk of Bias Tool.  5 

 6 

Figure 3 Forest plot of the mid- to long-term effect of booster sessions on self-rated 7 

adherence assessed using numeric rating scales.  8 
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