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Abstract
Objective - To explore determinants of adherence to recommended home
exercises and/or activities within and after the period of treatment in
therapeutic exercise therapy in patients with osteoarthritis (OA) of the hip
and/or knee.
Methods - Data were obtained from a single blind randomized trial
comparing behavioral graded activity (BGA) and usual exercise therapy (UC)
according to the Dutch guideline for physiotherapy in patients with OA of
the knee or hip. Assessments took place at baseline, 3, and 15 months followup. Adherence was defined as the extent to which a person’s behavior –
doing home exercises (exercise adherence), or home activities (activity
adherence) – corresponds with agreed recommendations from the patient’s
physical therapist. The association between adherence and potential
individual, psychological, intervention-related, and illness-related factors
was investigated using univariate and multivariate logistic regression
analyses.

Results - A more active coping strategy and a lower level of social support
was associated with exercise adherence within the period of treatment.
Exercise adherence after the treatment period was found to be associated
with being adherent within the period of treatment. No significant predictors
for activity adherence within the period of treatment were found. Activity
adherence after the treatment period was associated with the prior
experience with exercise therapy, a more passive pain coping strategy, and a
higher improvement in physical functioning within the period of treatment.
Conclusion - Psychological and treatment-related factors were found to be
associated with adherence within and after the treatment period. However,
no consistent results were found for these factors across the different phases
(within and after the treatment period) and between the different forms of
adherence measured (exercise and activity adherence). Adherence to
recommended exercises and activities seems not to depend on individual and
illness related factors, both within and after the treatment period.
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Background
Osteoarthritis (OA) of the hip and/or knee is a relatively common
musculoskeletal disorder, with a high prevalence increasing with age.1 OA
causes impairments in body functions and/or structures and has a major
impact on physical functioning in daily life.2-4 Several treatment guidelines
recommend therapeutic exercise therapy in patients with OA of the hip or
knee.5-9 This recommendation is based on several high quality randomized
controlled trials which demonstrated beneficial short-term effectiveness of
therapeutic exercise therapy on pain, physical function and patients selfperceived effect.10-12 However, after discharge from exercise therapy, the
positive treatment effects seem to decline over time and finally disappear in
the long-term.13
An explanation for the decline in effectiveness after discharge of exercise
therapy is that patients stop doing the recommended home exercises and fall
back in a less active lifestyle. This was confirmed in earlier research showing
that the success of therapeutic exercise therapy within the period of
treatment and after the treatment period largely depends on the degree of
adherence.14 Adherence can be defined as the extent to which a person’s
behavior corresponds with agreed recommendations from their physical
therapist15, such as adherence to recommended home exercises (e.g. muscle
strengthening exercises (exercise adherence)), and/or home activities (e.g.
walking, or cycling, etc (activity adherence)). A distinction needs to be made
between adherence within the period of treatment (short-term exercise
adherence) and adherence after the treatment period (long-term exercise
adherence). Within the period of treatment the physical therapist has more
or less a direct perception, influence and control over the level of adherence
to the recommended exercises and/or activities. After the treatment period
(after discharge), direct influence of the physical therapist is minimal or
absent and exercise behavior must literally be self-regulatory in nature in
order to be maintained. Since earlier research has shown that adherence
declines over time, stimulation of the maintenance of exercise behavior after
discharge is one of the biggest challenges for sustaining the beneficial posttreatment effects of exercise therapy in the long-term. This implies in
particular for patients with OA, because it is a progressive disease and
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patients have to cope with their disease and its functional consequences for
the rest of their life. To improve adherence and develop strategies directed at
stimulation of exercise behavior after discharge from exercise therapy,
insight in predictors of exercise adherence is important.
Although it is well documented in the context of other chronic conditions,
research specifically focused on identifying predictors of adherence in
physical therapy exercise interventions among patients with OA remains
limited.16-18 Marks et al. suggested that four domains of potential
determinants might be important for predicting patients’ adherence, namely
individual, psychological, intervention-related and illness-related factors.17
Earlier research19-25 demonstrated that psychological factors such as lower
social support and a lack of willingness were associated with lower adherence
within the treatment period. Intervention related factors such as no prior
exercise behavior, no initial motivation for long-term treatment goals, no
active involvement of patients during the treatment process, a low level of
information provided and no ability to fit exercise within the everyday
schedule were found to be associated with lower adherence within the
treatment period. Furthermore, illness related factors such as a higher disease
severity, a higher perceived symptom severity and more co-morbidities were
associated with lower adherence within the period of treatment.
A limitation of the existing evidence is that these studies focused on
determinants of exercise adherence within the period of treatment.16-18 To
prevent decline in the effectiveness of exercise therapy after discharge,
identification of predictors of adherence after the treatment period is
important. Especially since exercise adherence after the treatment period was
found to be an important predictor of the long-term effectiveness of exercise
therapy14 Recently we have demonstrated that the content of exercise
programs is an important predictor of exercise adherence, namely integration
of operant behavioral graded activity principles and booster sessions within
exercise therapy improved adherence within and after the treatment period
compared to usual exercise therapy.26 However, more information about
potential predictors of exercise adherence within and after the period of
treatment is needed. Therefore, the objective of the current study is to
explore predictors of adherence to recommended exercises and/or activities
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within and after the period of treatment in therapeutic exercise therapy in
patients with OA of the hip and/or knee.

Methods
Study sample
For this observational study in which determinants of adherence were
explored, data were obtained from a single blind randomized clinical trial
comparing two different exercise programs in patients with OA, namely an
operant behavioral graded activity program and usual exercise therapy
according to the Dutch physical therapy guideline in patients with OA of the
hip or knee.27 The main inclusion criterion was that patients had OA of hip
or knee according the clinical criteria of the American College of
Rheumatology.28;29 Two hundred patients participated in the study. For the
present study, patients who underwent a joint replacement surgery during
the study period were considered as lost to follow-up from the operation
date. Assessments took place at baseline, 3 and 15 months follow-up, by a
research assistant blinded for the allocated treatment. More information
about the sampling, recruitment, and data-collection have been reported in
detail elsewhere.27;30 The study was approved by the medical ethics
committee of the VU University Medical Center, Amsterdam.

Adherence
Adherence was defined as the extent to which a person’s behavior - doing
home exercises and/or home activities - corresponds with agreed
recommendations from the patient’s physical therapist.15 Adherence was
measured with a self-report questionnaire, asking patients whether they
performed the instructed home exercises (e.g. muscle strengthening
exercises) or activities (e.g. walking, or cycling) as recommended by their
physical therapist, assessed on a 5-point scale (1 = almost never; 5 = very
often).31 Patients were asked separately about their adherence to the
instructed home exercises (exercise adherence) and home activities (activity
adherence). The ratings on exercise adherence and activity adherence were
dichotomized as ‘adherent’ (often adherent and very often adherent) versus
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non-adherent (regularly adherent, occasionally adherent, almost never
adherent).

Predictors of adherence
Individual factors
Demographic information was collected for each patient including age,
gender, body mass index (BMI), presence of co-morbidities, and the level of
education.

Psychological factors
Coping was assessed by the Pain Coping Inventory (PCI32;33). The PCI
contains 33 questions, which can be pooled into 6 domains of cognitive and
behavioral strategies for dealing with chronic pain: pain transformation,
distraction, reducing demands, retreating, worrying, and resting. These
domains can be grouped into active (transformation, distraction, reducing
demands) and passive (retreating, worrying, resting) pain coping dimensions.
Locus of control was measured by the Multidimensional Health Locus of
Control (MHLC), reflecting three dimensions of health locus of control
beliefs: internality (IHLC), powerful others (PHLC) and chance (CHLC)
externality.34;35 Patients with a high internal health locus of control (IHLC)
believe that their health is influenced by their own efforts and skills, they are
more likely to engage in health-promoting and sustaining activities. In
contrast, individuals with a more external health locus of control are less
likely to engage in positive health practices, as they believe that their health
is beyond their control ad determined by powerful others, fate or change
(PHLC or CHLC). Patients rated their social support on the Social Support
Scale (SOS).36

Intervention-related factors
Intervention related factors were prior experience with physiotherapy
treatment for their complaints of OA and satisfaction with the treatment.
Satisfaction with the treatment was measured by asking patients if they
would recommend the treatment to family or friend. Furthermore, the effect
of the treatment (change in pain and limitations in physical function within
the treatment period compared to baseline) and adherence within the period
of treatment were used as potential determinants of adherence after the
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treatment phase. Pain and physical function was assessed with the pain
subscale of the Western Ontario and McMaster universities osteoarthritis
index (WOMAC).37;38

Illness-related factors
Clinical data were collected for each patient including location of
osteoarthritis, duration of complaints, radiological evidence of OA, and
disease severity. X-rays of the hip and/or knee were scored by a
rheumatologist following a standardized procedure according to the Kellgren
and Lawrence scale.39;40 The Kellgren and Lawrence scale consists of five
degrees: 0: no OA, 1: doubtful OA, 2: minimal OA, 3: moderate OA and, 4:
severe OA. Disease severity was operationalized as the amount of pain and
limitations in activities patients’ experienced at baseline. Pain and physical
function was assessed with the pain subscale of the Western Ontario and
McMaster universities osteoarthritis index (WOMAC).37;38
Statistical analyses
Descriptive statistics were used to describe the main characteristics of the
study population. To explore predictors of adherence univariate logistic
regression analyses were used, with potential predictors of adherence as
independent variables and adherence (exercise adherence, or activity
adherence) as dependent variable. Determinants with a univariate p-value
that was less than or equal to 0.15 were entered into the multivariate model,
after which backward elimination of predictors was used to remove nonsignificant predictors (p to remove ≥ 0.10). In an earlier study we have
demonstrated that the type of exercise therapy has a large influence on
exercise adherence. Because the objective of the current study is to
determine other individual, psychological, disease specific and treatment
related determinants of exercise adherence, the type of intervention
(behavioral graded activity or usual exercise therapy) was included as
independent variable in all analyses to control for the influence of the kind
of exercise treatment received within the framework of the trial in which
patients participated. All analyses were performed using Stata 10.0.
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Predictive accuracy of the models
To get insight in the predictive accuracy the calibration and discrimination of
the final models was explored. Calibration of the models, which refers to the
extent of bias, was assessed by comparing the predicted probabilities of being
adherent against the observed frequencies by means of the Hosmer Lemeshow (HL) statistic.41 Discrimination measures a predictor’s ability to
separate patients with different responses.42 Discrimination was studied by
calculating the area under the receiver operating characteristic curve, which
illustrates the ability of the models to discriminate between adherent and
non-adherent patients at subsequent cutoff points along the range of
predicted probabilities. An area under the curve (AUC) of 0.5 indicates no
discrimination above chance, whereas an AUC of 1.0 indicates perfect
discrimination.

Results
From the 200 patients included in the study, 4.0% (n=8) and 10.5% (n=21) of
the participants were lost to follow-up at 3 and 15 months follow-up,
respectively. For the present study, patients who underwent a joint
replacement surgery during the study period were considered as lost to
follow-up at the operation date. Therefore, the total number of patients who
were considered as lost to follow-up was 5% (n = 10) and 17.5% (n = 35) at 3
and 15 months follow-up, respectively. Patients who were considered as lost
to follow-up did not differ significantly from those who remained in the
study on most of the baseline characteristics: gender, age, duration of OA,
radiological evidence, baseline pain and baseline physical function. However,
patient who were lost to follow-up tended to have more often hip OA or
both hip and knee OA.
The self-report questionnaire on exercise adherence was filled in by 147
patients (77.4%) in week 13 and 155 patients (93.9%) in week 65. In week 13,
more missing data on exercise adherence occurred due to the erroneous use
of an incomplete questionnaire for a short period during the data-collection.
The majority of patients were adherent to recommended exercises at 3
months follow-up (57.8 %). At 15 months follow-up 44.1% of the patients
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still performed the recommended exercises. Adherence to the recommended
activities was found to be lower, but showed a similar pattern. Namely, at 3
and 15 months follow-up activity adherence was 53.8% and 29.5%
respectively.

Determinants of exercise adherence
Within the period of treatment
Univariate analyses showed that a lower body mass index, a higher pain
transformation coping strategy, lower social support, and lower physical
performance at baseline were associated with adherence to recommended
exercises (see table 6.1). The results of the multivariate analyses are shown in
table 6.3. In the multivariate model, a higher pain transformation coping
strategy and lower social support were significantly associated with exercise
adherence within the period of treatment.
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After the treatment period
Univariate analyses showed that a lower body mass index, being adherent to
the recommended exercises within the period of treatment, disease severity
(physical function at baseline) and the duration of complaints were
associated with exercise adherence (see table 6.1). The multivariate analyses
showed that only being adherent to the recommended exercises within the
period of treatment was significantly associated with exercise adherence after
the treatment period (see table 6.3).

Determinants of activity adherence
Within the period of treatment
Univariate analyses showed that a higher pain transformation coping
strategy, lower radiological evidence for OA, and lower physical
performance at baseline were associated (p < 0.15) with adherence to
recommended activities (see table 6.2). The results of the multivariate
analyses are shown in table 6.3. No significant predictors of activity
adherence within the period of treatment were found.
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After the treatment period
Univariate analyses showed that a lower educational level, a higher
distraction coping strategy, a higher worrying coping strategy, prior
experience with therapeutic exercise therapy for the complaints due to OA,
and less improvement in self-reported physical function and physical
performance within the period of treatment were associated with activity
adherence after the treatment period (see table 6.2). The multivariate
analyses showed that a higher worrying coping strategy, prior experience
with therapeutic exercise therapy for the complaints due to OA, and a higher
improvement in self-reported physical function within the period of
treatment were significantly associated with activity adherence after the
treatment period (see table 6.3).
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Predictive performance of the models
Table 6.3 shows that the calibration of the models was good (HL test:
P > 0.05). Calibration of the model predicting activity adherence within the
period of treatment could not be assessed, because no significant predictors of
activity adherence within the period of treatment were identified.
Discrimination of the models was considered moderate, with AUCs ranging
from 0.67 to 0.72 (see table 6.3).

Discussion
The aim of the current study was to explore determinants of adherence to
recommended exercises and/or activities within and after the period of
treatment in therapeutic exercise therapy in patients with OA of the hip
and/or knee. Although several psychological and intervention-related factors
were found to be associated with adherence within and after the treatment
period, no consistent results were found for these factors across the different
phases (within and after the treatment period) and between the different
types of adherence measured (exercise and activity adherence).
Within the period of treatment only psychological factors were found to be
associated with adherence. Namely, a more active coping strategy (higher
pain transformation; diverting attention from pain) and lower social support
were significantly associated with adherence to the recommended exercises.
This is in contrast with earlier research which found that a higher level of
social support was associated with adherence.17 No determinants were found
for activity adherence within the period of treatment. Based on earlier
research it was expected that factors such as disease severity, morbidity
count, experience and satisfaction with the treatment would be associated
with adherence within the period of treatment. However, the results of our
study suggest that adherence to recommended exercises and activities within
the period of treatment does not depend on individual, intervention related
factors (such prior experience and satisfaction with the physiotherapy
treatment) and illness related factors.
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Being adherent to the recommended exercises within the period of treatment
was found to be an important predictor of exercise adherence after the
treatment period. Determinants of activity adherence after the treatment
period were a higher worrying coping strategy, prior experience with
therapeutic exercise therapy for the complaints due to OA, and more
improvement in self-reported physical function within the period of
treatment. Maddux et al. espoused the position that once individuals
approach or reach a stage of behavioral maintenance, the habit of exercise is
the strongest predictor of future behavior.43 This statement was confirmed by
the results of the study of Rejeski et al., in which was demonstrated that
prior exercise behavior is the strongest predictor of exercise adherence
within the period of treatment.23 The results of our study show that prior
experience with exercise therapy was only associated with activity adherence
after the treatment period. Furthermore, being adherent to the
recommended exercises within the period of treatment was a significant
predictor of exercise adherence after the treatment period. These findings
underline the importance of behavioral maintenance as predictor of future
behavior. Integration of strategies directed at stimulation of exercise behavior
within and after the treatment period seem therefore important.
There are a few limitations to this study that need to mentioned. First of all, a
gold standard in measuring exercise adherence does not exist.44 In this study
exercise adherence was measured with a self-report questionnaire. Although
widely used, the quality of self-report questionnaires to measure exercise
adherence is debatable. They are known to overestimate adherence and
susceptible to bias caused by patients memory, social desirability and social
approval.44 A self-report questionnaire has the advantage that it is a simple
method to evaluate exercise adherence. Other possible measures include
diaries, interviewing, or more objectively monitoring with an accelerometer.
Compliance to diaries over time is poor and diary data have shown to be
vulnerable to patient deceit and inaccuracies. Interviews increase the risk for
socially desirable answers, while accelerometers or pedometers are
reasonably accurate for measuring walking activities, but can not evaluate
other types of movement. For these reasons we decided to use a self-report
questionnaire. A second limitation of our study that self-efficacy was not
considered as a potential determinant. Namely, self efficacy has been
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identified as a potentially important determinant of adherence in patients
with other chronic conditions.45-48
Since earlier research has demonstrated that the content of exercise therapy
(integration of operant behavioral graded activity principles and additional
booster sessions) is an important predictor of adherence within and after the
treatment period and the current study demonstrates the importance of
psychological factors and treatment related factors, it seems reasonable that
the most profit can be gained from integration of strategies within exercise
therapy directed at changing patients’ health behavior. As demonstrated in
earlier research, also active involvement of patients in decision making (e.g.
goal setting) and integration of strategies directed exercise maintenance (e.g.
booster sessions) seems to be important for improving adherence to
recommended exercises and activities within and after the treatment period.
Although several psychological and intervention-related factors were found
to be associated with adherence within and after the treatment period, no
consistent results were found for these factors across the different phases
(within and after the treatment period) and between the different forms of
adherence measured (exercise and activity adherence). These findings
indicate that the importance of determinants of adherence depend on the
treatment phase (within or after the treatment period) and depend on which
kind of health behavior is recommended by physiotherapists (exercises or
activities).

Conclusion
Psychological and treatment-related factors were found to be associated with
adherence within and after the treatment period. However, no consistent
results were found for these factors across the different phases (within and
after the treatment period) and between the different forms of adherence
measured (exercise and activity adherence). Adherence to recommended
exercises and activities seems not depend on individual and illness related
factors, both within and after the treatment period.
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