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Abstract

Background: Exercise is an effective intervention for knee osteoarthritis (OA), and unsupervised

exercise programs should be a common adjunct to most treatments. However, it is unknown if

current clinical trials are capturing information regarding adherence.

Objective: To summarize the extent and quality of reporting of unsupervised exercise adherence

in clinical trials for knee OA.

Methods: Reviewers searched five databases (PubMed, CINAHL, Medline (OVID), EMBASE and

Cochrane). Randomized controlled trials where participants with knee OA engaged in an unsu-

pervised exercise program were included. The extent to which exercise adherence was moni-

tored and reported was assessed and findings were subgrouped according to method for tracking

adherence. The types of adherence measurement categories were synthesized. A quality assess-

ment was completed using the Physiotherapy Evidence Database (PEDro) scores.

Results: Of 3622 abstracts screened, 176 studies met criteria for inclusion. PEDro scores for

study quality ranged from two to ten (mean=6.3). Exercise adherence data was reported in 72

(40.9%) studies. Twenty-six (14.8%) studies only mentioned collection of adherence. Adherence

rates ranged from 3.7 to 100% in trials that reported adherence. For 18 studies (10.2%) that

tracked acceptable adherence, there was no clear superiority in treatment effect based on

adherence rates.

Conclusions: Clinical trials for knee OA do not consistently collect or report adherence with

unsupervised exercise programs. Slightly more than half of the studies reported collecting adher-

ence data while only 40.9% reported findings with substantial heterogeneity in tracking method-

ology. The clinical relevance of these programs cannot be properly contextualized without this

information.
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Introduction

Knee osteoarthritis (OA) is a common condition responsible
for high healthcare use and expenditures. Upwards of 8.6%
of lifetime medical costs can be attributed to knee OA
($19,600 § 16,200 in 2013 US dollars).1 Another average of
$7104 (in 2007 US dollars) are lost in work productivity by
employed individuals undergoing total knee arthroplasty.2

Clinical guidelines recommend exercise as a core treatment
intervention, emphasizing the importance of exercise pre-
scription and use of strength training in both land and
water-based settings as appropriate.3-7 In a survey of 1064
Australian physical therapists, 99% of respondents reported
the provision of strengthening exercises when serving
patients with knee OA.8 A recent meta-analysis concluded
that no new research on the benefits of exercise for knee OA
is needed due to the robustness of the current body of litera-
ture establishing its effectiveness in pain reduction and
increase in function.9

Exercise is a common intervention in clinical trials for knee
OA, used in both supervised andunsupervised formats.3�5Adher-
ence is commonly described in themedical literature as a proac-
tive behavior such as completing unsupervised exercise; this
differs from compliance which is considered a more passive
behavior.10 Adherence plays an important role in the effective-
ness of exercise.11 One study of overweight patients with knee
OA found that increased exercise adherencewas associatedwith
improved walking distance and disability levels.12 Because
adherence could influence treatment effect, it is important to
understand how adherence is measured in trials that prescribe
unsupervised exercise programs. These rates have been studied
for other diagnoses. A recent systematic review of rotator cuff
related shoulder pain found adherence rates to unsupervised
exercise to be between 20 and 100%.13When adherence to exer-
cise programs designed to reduce falls was greater than 80%, the
association with risk reduction for falls was highest.14 There are
publishedadherence rates for combinedunsupervised and super-
vised exercise in individuals with spondyloarthritis (51�95%) and
advanced cancer (44�95%), as well as those awaiting organ
transplants (82.5�100%).15�17 Additionally, the known adher-
ence rates for individuals with intermittent claudication for
walking is 77.6% and “alternative” exercise is 85.8%.18 Each of
these studies used the term adherence, but included both unsu-
pervised and supervised exercise.14�18 However, these rates are
unknown in patients with knee OA, where exercise is a recom-
mended core treatment that should be used often.3�5

Currently no consensus exists on optimal or standardized
methods for reporting exercise adherence in clinical trials.
There is substantial variation in the manner in which adher-
ence to exercise interventions is identified, reported, and
measured in clinical research.10,19 In a systematic review
that investigated measures of adherence to unsupervised
exercise programs among populations with “long term physi-
cal conditions,” 61 different measures of adherence within
58 studies were identified,10 but the majority did not have
established reliability or validity.10 Bailey and colleagues
assessed variation in measurement and definition of exercise

adherence among studies investigating the effects of exer-
cise on musculoskeletal pain, and only 49% of the 86
included studies provided parameters for determining satis-
factory adherence to exercise interventions.20

No studies have looked at the influence of adherence on
exercise therapy treatment effect. Adherence rates and
methods for tracking adherence are unknown in the knee OA
population. Without known adherence rates, decision mak-
ing is limited in its ability to generalize the information from
the studies about exercise choice and dosing. Hence, the
purpose of this review was to determine the impact of unsu-
pervised exercise program adherence on exercise therapy
treatment effect, as well as determine how adherence is
tracked and reported in exercise trials for knee OA.

Methods

Information sources

In accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA),21 this system-
atic review investigated clinical trials that included exercise
programs for the management of individuals with knee OA as
identified through database searches in PubMed, CINAHL,
Medline (OVID), EMBASE and Cochrane, as well as reference
lists from studies meeting the inclusion criteria, with publi-
cation dates of 1 January 2002 through 31 December 2021.
The protocol was registered (PROSPERO CRD42020187787).

Unsupervised exercise was defined as dosed therapeutic
exercise that is completed without the direct observation of a
healthcare provider, researcher, or fitness instructor.22,23 It is
often referred to as home exercise program or home-based
exercise. Supervised exercise is defined as dosed therapeutic
exercise that is completed with the direct observation of a
healthcare provider, researcher, or fitness instructor.22,24,25

Operationally, we included both facility-based visits and tele-
health visits that included video and audio.

Eligibility criteria

Randomized clinical trials were included if they consisted of
adults 18 years or older with a diagnosis of knee OA where
the primary intervention was supervised exercise therapy
that also included a structured unsupervised exercise pro-
gram (not simply instructions to exercise more or be physi-
cally active). Studies were excluded if they were not
written or translated in English or included participants with
a history of knee arthroplasty because surgery may influence
exercise application (i.e., excluded revision surgeries).

Search strategy

Searches includedMeSH terms and keywords related to the knee
using the Boolean operator “OR” including, but not limited to,
variations of the terms tibiofemoral or patellofemoral. These
were combined using the Boolean operator “AND” with MeSH
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terms and keywords for OA variations. Lastly, we combined
these using “AND”with keywords related to physical therapy or
MeSH terms and keywords for exercise (including specific types
of exercise such as walking, stretching, or tai chi). Supplemen-
tary Material A provides detailed search strategies.

The searches and full-text studies were organized within
Covidence (Veritas Health Innovation, Melbourne, Australia,
www.covidence.org), a review management software,
where all study screening, data extraction and risk of bias
assessments were conducted.

Selection and data collection process

Titles and abstracts and full-text studies were screened by
two reviewers (KS and BM), with discrepancies resolved
through consensus. If no consensus could be reached, a third
reviewer would arbitrate (JY). Data were extracted from
the final full text studies by one reviewer (KS or BM) and the
other confirmed accuracy (unblinded).

Data items

The following data elements were extracted: the presence
of unsupervised exercise adherence reports and the method
for monitoring adherence. While adherence and compliance
have different operational definitions, they are used inter-
changeably in research reports, and trials using either term
were included as long as the intent of tracking fidelity of the
unsupervised exercise program was present. For the intent
of this review, adherence was defined as “the degree behav-
ior corresponds with an agreed on recommendation.”10

Compliance was defined as yielding to or obeying clinician
instructions.26 These usually occur on a spectrum or scale
and are rarely dichotomous endstates. See Supplementary
Material B for all operational definitions.

Study risk of bias and reporting bias assessment

Methodological quality and bias was extracted from the Physio-
therapy Evidence Database (PEDro). For 21 studies, there was
no score in the PEDro database and were therefore scored by
the reviewers (KS and BM) with consensus reached for all 21
studies (no third reviewer required).27�47 The PEDro scale is
considered a valid and reliable measure of bias.48 PEDro scoring
includes 11 criteria regarding eligibility, randomization, blind-
ing, baseline statistics, outcome data, missing values and inten-
tion to treat, between-group comparisons, and reporting of
statistical data. The first item is not used as part of the final
scoring because it does not affect internal validity; therefore,
the final score is between 0 and 10. A score of five or greater is
considered adequate quality.49

Synthesis methods

A synthesis of adherence tracking approaches was con-
ducted. Extracted data were sub-grouped both by collection
method and reporting properties. Based on similar system-
atic reviews, six broad categories of tools for tracking adher-
ence were created and included: single-item self-report
questionnaires, multi-item self-report questionnaires, home
(unsupervised) exercise diaries, accelerometer-based direct
monitoring devices including fitness watches, app/

computer-assisted, and researcher check-in.10,19,50 Single-
item self-report questionnaires consist of a single question
that allows subjects to qualify adherence to exercise param-
eters for the particular study, whereas multi-item self-
report questionnaires accomplish this with the inclusion of
more than one question.10,19,50 Multi-item questionnaires
were uniquely generated for a particular study or used previ-
ously established measures.10,19,50 Generally, home (unsu-
pervised) exercise diaries track adherence with the use of
ongoing record keeping of exercise performance throughout
the course of a study.10,19,50 Accelerometer-based direct
monitoring devices track and record a subject’s physical
activity with the use of electronic devices that are sensitive
to positional change in space. App/computer-assisted meas-
ures are electronic interfaces that promote adherence with
the use of electronic reminders and adherence reporting.
Researcher check-in utilizes ongoing monitoring of adher-
ence through verbal or written report by the subjects at pre-
determined intervals.

As data were extracted, it became apparent that, in
addition to different methods for tracking adherence, stud-
ies could also be grouped by the various methods for report-
ing adherence. These included categories such as
percentage of exercises completed (mean by group) and per-
centage of individuals meeting a threshold predetermined
by the researchers (repetitions per day, days exercised per
week etc.). Observed commonalities allowed for eight dif-
ferent categories of methods for reporting adherence.

Effect measures

If the data could be homogenized adequately, a meta-analysis
was planned to assess the influence of unsupervised exercise
program adherence on exercise therapy treatment effect.

Certainty assessment

Certainty assessments were not conducted because the het-
erogeneity and lack of adherence reporting did not allow for
effect estimates.

Results

From 3622 abstracts screened once duplicates were
removed, 442 full-texts were reviewed, and 176 met the
final eligibility criteria (Fig. 1). Mean PEDro scores are
reported in Table 1. Individual item and total PEDro score
are presented for each study in Supplementary Material C.
The mean and median PEDro score for all studies was 6.3
and 7 respectively, with scores ranging from 2 to 9.

The mean exercise adherence rate was 67.9% and ranged
from 3.7% to 100% but was only reported in 72 (40.9%) of the tri-
als. Another 26 (14.8%) trials reported that they collected adher-
encedata but did not report any values. Specific adherence rates
for each study are shown in SupplementaryMaterial D.

Measures of adherence were highly variable across studies.
Forty-three (43.9%)22,35,42,51�90 studies used an unsupervised
exercise diary, 23 (23.5%)38,46,91�111 used multiple collection
methods, 12 (12.2%)29,112�122 used researcher check-in, 6
(6.1%)40,123�127 used a single-item questionnaire, 5
(5.1%)128�132 used a multi-item questionnaire, and 2 (2.0%)133
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used an accelerometer or fitness watch. Another 7 (7.1%)134�140

studies used a method that did not fit into these categories or
the collection method was unclear. All but one of the studies
that used multiple collection methods used at minimum an
unsupervised exercise diary as one of the
methods.38,46,91�96,98�111 The most common combination of
methods used in 13 studies (13.3%) was both an unsupervised
exercise diary and researcher check-
in.38,46,99�101,103�107,109�111 Pedometers were used by 3 (3.1%)
studies that usedmultiple collectionmethods and 1 (1.0%) study
as the sole collection method.108,111,139 Refer to Table 2 for a
listing of studies bymethod of collecting data.

Methods for monitoring and reporting unsupervised exercise
adherence were grouped into eight categories determined by
reporting properties. The most commonly used reporting
method was the mean percentage of prescribed exercises com-
pleted by each group (n = 24, 33.3% of reporting
studies).42,52�57,64,66,69,70,75,76,87,92�94,96,103,107,117,118,124,137,141

Other reporting methods included Likert scales or percentage
of individuals who completed all exercises. Nine (12.5% of
reporting studies) studies were included in a “unique” category
because only one study used each method.59,83,105,119,126,
129,133,135,140 One study used both adherence to home exercise
three times weekly using a numeric-rating scale and Exercise
Adherence Rating Scale (EARS) Section B.129 Park et al.119 used
the number of subjects who did regular practice at home. In
another study, authors reported the number of days exercised
per week (mean for group(s)).105 Chaipinyo et al.59 reported
the total number of days exercised as a reporting method. Farr
et al.133 reported the percentage of physical activity increased
per accelerometry data. Foster et al.126 reported the number
of individuals who responded according to each value of Likert
scale. Knoop et al.135 reported the percentage of subjects who
exercised without further specification of any additional adher-
ence parameters. Mikesky et al.140 reported group average for
number of weeks participants completed a predetermined
threshold, and volume of lower extremity exercises per week
(Fig. 2) Because such few studies reported adherence and the
few that did hadwide heterogeneity in theirmethods for assess-
ing adherence, a meta-analysis for treatment effect was not
possible.

A predetermined threshold for adequate adherence was
reported in 18 trials (10.2%). In five of the trials the thresh-
old definition was unspecified, 2 were unclear, five others

Fig. 1 Search History.

Table 1 Pooled descriptive data across studies that col-

lected and reported adherence data (n = 72 studies).

Descriptive data Pooled results

Total number of participants

(mean per study)

9492 (132)

Pooled mean age

of participants [range]

64.0 [38.8�75.3]

Pooled mean proportion

of participants by sex

Male: 30.6%

Female: 69.4%

Pooled mean duration

of studies [range]

33.5 weeks

[4 weeks - 128 weeks]

Pooled mean PEDro

scale score [range]

6.7 [2�9]

Pooled mean adherence

rate [range]

67.9% [3.7% - 100%]
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were based on a percent completion, and the rest met a
minimum threshold of exercise (Table 3).

Discussion

Of 98 trials (55.7% of all studies) making a claim that adher-
ence was measured, actual rates were reported in only 72
trials (40.9%). The mean adherence rate was 67.9% across
these trials (range from 3.7% to 100%). Only 18 trials (10.2%)
reported a predetermined threshold of acceptable adher-
ence and based on these studies, there was no clear indica-
tion that adherence improved outcomes, although large
heterogeneity in methodology limits any conclusions. The
most commonly used tools to measure adherence were exer-
cise diaries followed by researcher check-in. Multiple meth-
ods were used in 23 studies, in which authors used a

combination of assessments. There was also high variability
in the approaches taken to report adherence across studies,
with eight distinct categories identified. It is notable that
although we grouped adherence into eight categories based
on similar characteristics, there was further variability
within some of those categories. For example, there was
wide variation among studies as to what researchers consid-
ered to represent being adherent. Overall, poorly measured
adherence and/or reported adherence further confounds
our understanding of treatment effects for exercise inter-
ventions for knee OA.

Comparison to recent literature

A recent systematic review studied adherence to many types
of knee OA interventions and found that treatment fre-
quency was the most commonly reported measure but few

Table 2 Methods for reporting adherence to unsupervised home exercise programs.

Method Number of studies (% of 98 studies that collected adherence data)

Percentage of prescribed exercises completed

- mean for group(s)

24 (24.5%)42,52�57,64,66,69,70,75,76,87,92�94,96,103,107,117,118,124,137,141

Percentage of prescribed exercises completed

- median for group(s)

1 (1.0%)82

Percentage of individuals meeting thresholds

of acceptable adherence predetermined by

researchers (reps/day and days exercised/

week, daily steps, etc.)

18 (18.4%)46,51,58,62,63,68,77,79,81,85,101,102,108,109,122,134,138,152

Likert or numeric rating scales 10 (10.2%)40,78,95,97,123,125,127,130�132

Unique methods 9 (9.2%)59,83,105,119,126,129,133,135,140

Percentage value without description of how

value was calculated

4 (4.1%)72,80,86,113

Percentage of individuals who completed all

exercises

4 (4.1%)61,98,120,136

Percentage of individuals crudely qualified

into categories (e.g. good, moderate, etc.)

2 (2.0%)88,114

No reporting method but indicated that col-

lected adherence

26 (26.5%)22,29,35,38,60,65,67,71,73,74,84,89�91,99,100,104,106,110�112,115,116,121,128,139

Fig. 2 Method for collecting adherence data from studies that collected data.
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studies quantified what an acceptable frequency was (i.e.
level of adherence).142 In 2017, a systematic review report-
ing on adherence measures for unsupervised exercise pro-
grams used with musculoskeletal disorders found that out of
234 ways to measure exercise adherence, only 49 were

reproducible and only seven had any validity and reliability
metrics to support them.143 All seven of these were multi-
item questionnaires, but only one, the Community Health
Activities Model Program for Seniors (CHAMPS), has been val-
idated and even this was of questionable quality for research

Table 3 Details of studies reporting predetermined thresholds of acceptable adherence.

Study Met-predetermined

measure of adequate

adherence (Rate -%)*

Positive outcome favoring

exercise therapy with

respect to comparator

Description of adequate

adherence rate

1. Abbott et al. 201351 42.8 Yes Unspecified

2. Brosseau et al. 201258 80.2, 65.2 Both groups had exercise; No

difference in primary out-

comes between groups.

Unspecified

3. Christensen et al. 201562 3.7 No Unspecified

4. Crossley et al. 201563 77 Yes Unspecified

5. de Rooij et al. 2017134 86 Yes Completed 2/3 of exercise

sessions

6. Fitzgerald et al. 2011101 52, 47 Both groups had exercise; no

difference in primary out-

comes between groups

Completed >80% of sessions

7. Hinman et al. 200768 84 Yes Unclear -% of participants who

completed unsupervised exer-

cised in any amount

8. Kloek et al. 2018152 81.1y Both groups had exercise; no

difference in primary out-

comes between groups

Completed 2/3 of modules

9. Liao et al. 202146 82.6, 84.3 Both groups had exercise;

group with higher adherence

rate had better primary out-

comes.

Used indicated color band for at

least 1 session

10. Loew et al. 2017102 62, 35.44, 38.44, 56.1,

43.1, 37.9, 76.4, 54.9,

43.4

All groups had exercise;

adherence was the primary

outcome measure. Prefer-

ence for exercise appears to

affect adherence.

Completed >66% of sessions

11. Osteras et al. 201977 67, 45 Both groups had exercise;

group with higher adherence

rate had better primary out-

comes.

Had specific exercise for inter-

vention but measured adher-

ence as those who met physical

activity guidelines over trial

period

12. Rattanachaiyanont and

Kuptniratsaikul 200879
57.4, 22 Both groups had exercise; no

difference in outcomes

between groups

At least 50 repetitions per day

for at least 5 days per week

13. Schlenk et al. 202181 77.4, 81.1 Yes Completed >75% of exercises

14. Sharma M, Singh A, Dhil-

lon MS, Kaur S 2018122
60z Both groups had exercise; no

difference in outcomes

between groups

Unclear - “Completed exercises

correctly”

15. Stensrud et al. 201585 62.2 Yes unspecified

16. Talbot et al. 2003108 56, 35 Yes Met-or exceed weekly step goal

17. Wallis et al. 2017109 70 No Completed 70 +/- 10 min of

weekly exercise

18. Xiao et al. 2021138 70.59, 35 Yes Completing exercises 3 times

per week for one group; “con-

tinuing to walk” for comparator

* The multiple percentages per study are data points for different groups OR different time periods.
y Only tracked adherence in the intervention group.
z Only reported one value across both groups.
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purposes.144 A more recent tool that has been validated in
patients with chronic low back pain and appears to be useful
for both clinical and research is the EARS.145 This is also cur-
rently being studied in patients with knee OA.146 In our
review, only three studies used these validated tools (one
used CHAMPS; two used EARS).95,128,129

Data collection methods for adherence

The majority of studies that collected adherence data (n = 56;
57.1%) used self-reported exercise diaries, either alone or in
combination with other collection methods. This is consistent
with the findings by Duong et al.142 where 66.4% of studies used
an unsupervised exercise diary. We found high variability for
when and how these were filled out by patients. Some studies
expected the exercise diary to be completed daily and others
weekly.54,147 There was also variance in what variables were
logged, such as simply whether a session was done or if more
complex details were required, including reporting the number
of minutes completed or exact number of repetitions.56,57,79

There were alsomany different strategies that researchers used
to calculate percentage values representing adherence across
studies. While this may appear to be the most feasible strategy,
there does not appear to be extensive research on the validity
and reliability of exercise diaries for this purpose. Findings from
a cohort study not in this review simultaneously using acceler-
ometers and exercise diaries found that self-reported exercise
adherence over a 12-week period was overestimated in the
diary and had only a moderate correlation with accelerometer
data.148 One study in our review used both exercise diaries and
an accelerometer but did not correlate the data between the
two methods.94 Another study concluded that the design of the
diary likely does not matter, but that individualized data from
the diaries were highly variable and lacked validity.149 However,
in another systematic review on the use of home-based rehabili-
tation interventions, the conclusion was that exercise diaries
may be valid in certain populations.150 Therefore, due to con-
flicting conclusions, the adherence rates from exercise diaries
may not be useful.

Clinical implications

What is known about the efficacy of exercise interventions
for people with knee OA could be adversely affected by the
limited number of studies that collect and report exercise
adherence data. Reporting of exercise dosing in this popula-
tion is not held to the standards applied in drug trials.151

Almost half of the studies (n = 78; 44.3%) did not monitor
exercise adherence, limiting conclusions that can be made
about its efficacy. Based on this information, it is difficult to
fully understand exercise treatment effects reported in tri-
als and make recommendations for exercise prescription in
clinical care. While an individual patient data (IPD) meta-
analysis could potentially show greater promise for answer-
ing this research question, it would likely still be of limited
value until adherence measures are better harmonized and
reported across exercise trials for knee OA.

This review highlights a critical research gap: the lack of
standardization with collecting and reporting of exercise
adherence and the consideration of adherence when analyz-
ing treatment effect in exercise therapy trials. The inability
to establish superiority between different types of exercise

for knee OA could be influenced by a poor understanding of
adherence rates.23 Further research to define optimal
method(s) for collecting and reporting exercise adherence is
an important need. These data are necessary to understand
how adherence rates influence treatment effects for knee
OA trials. Until this research is completed, researchers are
most likely best served by using multiple methods for collec-
tion of data adherence including a home diary, a multi-item
questionnaire (possibly the EARS), and an accelerometer.

Limitations

There are some limitations to discuss. Diagnostic criteria for
kneeOA could not be verified or validated, and therefore assess-
ing heterogeneity and phenotypes of participants across the dis-
ease spectrum was not possible (e.g., low versus high severity).
Exercise may have been used but was not the primary interven-
tion in some trials, and therefore was missed by our search
terms. Also, several studies in this review assessed “adherence”
to the entire intervention, of which unsupervised exercise was
only one part. Poor adherence in these cases might not have
been specific to the exercise components.

Conclusion

Data regarding adherence to unsupervised exercise programs
are not consistently collected (or reported) among studies inves-
tigating exercise interventions for knee OA. Approximately half
of the studies (n = 98; 55.7%) claimed to collect these data, but
there was no consistent method for collecting or reporting
across studies. Clinical trials should adequately collect and
report adherence to unsupervised exercise, as this factor is
essential to developing a better understanding of treatment
effect. A more consistent and validated approach would
improve the ability to compare results across trials.
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