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Abstract 
 
Objective - To determine if behavioral graded activity (BGA) results in better 
long-term effectiveness (5 years after inclusion) than usual exercise therapy 
(UC; usual care) in patients with OA of the hip or knee 
 
Method - Long-term follow-up study of a single blind cluster randomized 
trial comparing BGA and UC. One hundred and forty-nine patients out of 
the 200 included were followed until 60 months follow-up. Primary outcome 
measures were pain, physical function, and patient global assessment. 
Furthermore, patient oriented physical function, physical performance, 
health care utilization and the number of joint replacement surgeries were 
assessed. Assessments took place at 3, 9, 15 and 60 months follow-up. Data 
were analyzed according to intent-to-treat principle. 
 
Results - Both treatments showed beneficial within-groups effects in the 
long-term. In patients with knee OA no differences between treatments were 
found on the short-, mid-long and long-term. In patients with hip OA 
significant differences in favor of BGA were found at 3 months (pain and 
physical performance) and 9 months follow-up (pain, physical function, 
patients global assessment and patient oriented physical function). 
Furthermore, UC resulted in patients with hip OA in more joint replacement 
surgeries compared to BGA (Hazard ratio[HR], 2.87; 95% confidence interval 
[CI], 1.1; 7.3). 
 
Conclusion - No differences between treatment groups were found in the 
long-term on the primary outcome measures. Although more research is 
needed to confirm the study findings, the results indicate that BGA reduces 
the risk for joint replacement surgeries compared to UC in patients with hip 
OA, which probably can be explained by better outcome in favor of BGA in 
the short and mid-long-term. 
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Introduction 
 
Osteoarthritis (OA) of the hip or knee is a common chronic and degenerative 
musculoskeletal disorder with a high prevalence increasing with age.1 OA 
causes impairments in body functions and physical functioning, which often 
leads to moderate to severe limitations in participation and a decreased 
quality of life.2-4 In several guidelines for the medical management of 
osteoarthritis of the hip or knee the use of pharmacologic agents (e.g. simple 
analgesic or anti-inflammatory drugs) and non-pharmacologic modalities 
(e.g. patient education and exercise therapy) are recommended.5-7 In 
advanced disease, partial or total replacement of joints often becomes 
unavoidable. In earlier stages of disease patients are often referred for 
physical therapy treatment to reduce impairments and improve overall 
physical function, so that individuals can meet the demands of daily living as 
long as possible. 
 
Several studies have demonstrated beneficial short-term effect of exercise 
therapy on pain, physical functioning and patients’ self perceived effect.8-10 
So far, only a few studies investigated the long-term effectiveness of exercise 
therapy and the studies that do exist used relatively short follow-up periods, 
varying from 6 to 15 months after discharge. The positive effects of exercise 
therapy seem to decline over time after discharge and finally disappear in the 
long term 11. Low exercise adherence rates after discharge is seen as one of 
the main reasons to explain poor long-term effectiveness of exercise 
therapy.12;13 Furthermore, stimulation of a physically active lifestyle seems 
important, because a lack of regular physical activity is an important risk 
factor for functional decline in patients with OA.14 In most existing studies 
investigating the effectiveness of exercise therapy, the exercise programs 
consisted primarily of muscle strengthening exercises. To stimulate exercise 
adherence and a more physically active lifestyle post-treatment, it is 
suggested that exercise programs should become more functional and task-
oriented, including additional booster sessions and strategies to improve 
exercise behavior and self-regulation skills.15 
Veenhof et al. developed and evaluated an exercise program integrating 
operant behavioral principles, self-regulation principles and additional 
booster sessions called the ‘behavioral graded activity’ (BGA) program.16 The 
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BGA treatment is an individually tailored exercise program in which 
patients’ most problematic physical activities are gradually increased in a 
time contingent way. Furthermore, the intervention includes individually 
tailored exercises to improve impairments limiting the performance of these 
activities. The ultimate goal is integration of these exercises and activities in 
patients’ daily living, so that patients get a more physically active lifestyle. In 
additional booster sessions patients are supported and stimulated to sustain 
their physically active lifestyle and integrate exercises and activities in their 
daily life. Earlier research has shown no significant differences between BGA 
and usual exercise therapy according to the Dutch guideline (usual care; UC) 
on pain, self-reported physical function and patient global assessment. 
However, significant differences in favor of behavioral graded activity were 
found on physical performance, patient-oriented physical functioning, and 
patients’ physical activity level 17. Furthermore, patients treated with BGA 
were significantly more adherent to advised exercises compared to patients 
treated with usual exercise therapy, namely 75 % versus 44 % in the short-
term and 59% versus 34% in the mid-long-term.18 Because of the better 
results in patients treated with BGA on exercise adherence and patients’ 
physical activity level, it is expected that BGA results in better long-term 
effectiveness than UC. Therefore, the objective of the current study was to 
compare the long-term effectiveness (5 years after inclusion) between UC 
and BGA in patients with osteoarthritis on the hip and/or knee. 
 
 
Methods 
 
This article reports a follow-up study (5-years after inclusion) of a single 
blind cluster randomized trial comparing BGA and UC in 200 patients with 
hip or knee OA.16;19 The study was approved by the medical ethics committee 
of the VU University Medical Center, Amsterdam and performed in 
compliance with the Declaration of Helsinki. Full details of the trial protocol 
(in Dutch) is available on request from the authors. 
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Setting and participants 
Eighty seven physiotherapists (working in 72 practices) from the region of 
Utrecht were willing to participate in the study. Patients with osteoarthritis 
of the hip or knee were recruited (November 2001 – May 2003) by 
participating physiotherapist and by articles about the study in local 
newspapers.20 Inclusion criteria were osteoarthritis of hip or knee according 
to the clinical criteria of the American College of Rheumatology.21;22 
Exclusion criteria were: other pathology explaining the complaints; 
complaints in less than 10 out of 30 days; treatment for these complaints with 
exercise therapy in the preceding six months; under 50 or over 80 years of 
age; indication for hip or knee replacement within one year; contraindication 
for exercise; inability to understand the Dutch language; and a low level of 
limitations in activities, defined as: a score <2 on the sections walking ability 
and physical function of the Algofunctional index.23;24 All patients completed 
written informed consent. 
 
Randomization 
To avoid contamination of interventions, cluster randomization was 
performed at the level of the participating physiotherapy practices. The 
participating practices were randomly assigned to one of the two treatment 
groups by means of a computer generated random sequence table. Allocation 
was concealed.  
 
Interventions 
Behavioral Graded Activity (BGA) 
BGA is a behavioral treatment integrating the concepts of operant 
conditioning with exercise therapy comprising booster sessions. BGA was 
based on the time-contingency-management as described by Fordyce25 and 
applied by Lindström.26 In this individually tailored treatment patients’ most 
problematic activities were gradually increased in a time-contingent way. 
Furthermore, the intervention included individually tailored exercises to 
improve impairments limiting the performance of these activities. The 
treatment consisted of a 12-week period with a maximum of 18 sessions, 
followed by five pre-set booster moments with a maximum of seven sessions 
(respectively in week 18, 25, 34, 42, and 55). After the 12-week treatment 
period physiotherapists advised patients to maintain exercising and 
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performing the activities at home. The additional booster sessions consisted 
of evaluating, motivating (stimulating exercise adherence) and repeating the 
main treatment message.  
 
Usual care 
The physical therapists in the usual care group were requested to treat the 
patients according to the Dutch physical therapy guideline for patients with 
hip and/or knee OA.27 This guideline consists of general recommendations, 
emphasizing provision of information and advice, exercise therapy, and 
encouragement of a positive coping with the complaints. Furthermore, it is 
recommended to advise patients to maintain exercising at home after 
discharge. The treatment consisted of a maximum of 18 sessions within a 
period of 12 weeks.  
 
More specific information on the interventions has been published 
elsewhere.16;28 Both BGA and usual care were given individually by physical 
therapists in primary care. To avoid contamination of interventions, 
participating practices were randomly assigned to one of the two treatment 
groups by means of a computer generated random sequence table. Physical 
therapists in both treatment groups received a training on the allocated 
treatment. 
 
Outcome Measures 
Demographics and clinical data 
Demographic and clinical data were collected for each patient including age, 
gender, height, weight, location of complaints, and duration of complaints. 
X-rays of the hip and/or knee were scored by a rheumatologist following a 
standardized procedure according to the Kellgren and Lawrence scale; 
consisting of five degrees: 0. no OA, 1. doubtful OA, 2. minimal OA, 3. 
moderate OA and, 4. severe OA.29;30 
 
Primary outcome measures 
Pain in the last 48 hours and physical function was assessed with the 
WOMAC questionnaire.31;32 Patient global assessment (PGA) was assessed by 
patients on a 8-point scale (1=vastly worsened; 8=completely recovered).33 
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Secondary outcome measures 
Patient-oriented physical functioning was assessed with the MACTAR 
Questionnaire.34. This functional index measures change in impaired 
activities selected by each patient in a baseline interview (patients’ priority). 
Physical performance was measured with the 5-meter walking test. Patients’ 
health care utilization for complaints related to osteoarthritis of the hip 
and/or knee was assessed, by asking if patients visited health care 
professionals (general practitioner, medical specialist, physical therapist, 
occupational therapist or complementary/alternative therapist) in the period 
from discharge to 60 months follow-up. Furthermore, patients were asked if 
they underwent a joint replacement surgery during the study period. If so, 
the operated joint and operation date were registered. 
 
All primary and secondary outcome measures were obtained at baseline, 3 
months, 9, 15 and 60 months follow-up, with the exception of physical 
performance which was not obtained at 9 months follow-up. All assessments 
were performed on a test location, in the presence of a research assistant, 
who was blinded for the assigned treatment. The exception was the 
assessment at 9 months follow-up, consisting of only questionnaires, which 
were sent by mail. Patients were repeatedly instructed not to give 
information about the allocated treatment to the research assistants. The 
research assistants were asked to guess the assigned treatment immediately 
after the measurements at 3, 15 and 60 months follow-up. 
 
Statistical Analyses 
The target sample size was 200 patients. This number yields to a power of 
80% to detect a 25% difference in patient global assessment (PGA) and small 
to medium-sized effects (effect-size=0.2-0.4) in the outcome measures pain 
and physical functioning, at two-sided significance level of 0.05 given a 
maximum loss to follow-up of 20%.35 
The analyses were performed using SPSS 14.0. Descriptive statistics were 
used to describe the main characteristics of the study population and to 
explore baseline comparability. The statistical analyses were carried out 
according to the intention-to-treat principle. Change scores were calculated 
by subtracting the baseline scores from the post-treatment scores (3, 9, 15 
and 60 months respectively) and were compared for the two intervention 
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groups using Student’s t-test. The ratings of PGA were dichotomized as 
improved (“completely recovered”, “very much improved” and “much 
improved”) versus not improved (“slightly improved”, “not changed”, slightly 
worsened”, “much worsened” and “vastly worsened”). Odds ratios with their 
95% confidence intervals were calculated to test differences between 
intervention groups. In order to adjust for differences in patients’ condition, 
multiple linear or logistic regression analyses were performed with the 
change scores as dependent variable and type of intervention as independent 
variable. The following characteristics were used as covariates in the adjusted 
analyses: the baseline scores of each outcome measure, duration of 
symptoms, location of OA (hip, knee, or both), age, sex, and recruitment 
method (physical therapist or newspaper). To investigate the risk for joint 
replacement surgery Cox proportional hazard statistics were used with time 
at risk in months as underlying time variable. Hazard ratio’s (HR) and 95% 
confidence intervals (95% CIs) were calculated to test the difference between 
treatment groups. Using Kaplan-Meier plots the risk for joint replacement 
surgery over the 5 years follow-up period for each treatment was illustrated. 
In all analyses p values less than 0.05 were considered statistically significant. 
In addition, all analyses were also performed on a multilevel basis (using 
MLwiN) to correct for dependency of observations within subjects and 
taking into account variation between physiotherapists.36, 37 Furthermore, an 
exploratory per-protocol analysis (not preplanned in research protocol) was 
performed in which patients who underwent a joint replacement surgery 
during the study were considered as lost to follow-up from operation date.  
 
 
Results 
 
A total of 200 patients were included in the trial: 97 patients in the BGA 
group and 103 patients in the UC group. The BGA group and UC group had 
similar baseline characteristics and baseline values of outcome measures, as 
presented in table 3.1. The 60 months follow-up (5 year after inclusion) 
assessment was completed by 76 BGA patients and 73 UC patients. A non-
response analysis was performed in which the baseline characteristics of 
patients who were lost to follow-up were compared with characteristics of 
patients assessed at 60 months follow-up. No statistical significant differences 
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were found. Fifty-five physical therapists treated the patients included in this 
study. Information about the patient flow through the trial is presented in 
Figure 3.1. One patient of the BGA group reported adverse effects (increase 
of pain) and withdrew at the end of the therapy (after 3 booster sessions). At 
60 months follow-up 35 % UC patients and 28% BGA patients were still 
adherent to the recommended home exercises [OR = 0.69 [0.3; 1.4]. 
 
 
Table 3.1: Baseline characteristics of both intervention groups 
 
Characteristics BGA (n = 97) UC (n = 103) 
Female, n (%) 73 (75) 81 (79) 
Age, mean (sd) 65.1 (7.4) 64.5 (8.3) 
Location of OA, n (%) 
- knee 
- hip 
- both 

 
67 (69) 
22 (23) 

8 (8) 

 
63 (61) 
28 (27) 
12 (12) 

Duration of complaints, n (%) 
- < 1 year 
- 1 – 5 years 
- > 5 years 

 
23 (24) 
39 (41) 
33 (35) 

 
24 (23) 
33 (32) 
46 (45) 

Radiological evidence OA (K&L† ≥ 2) 
- knee, n (%) 
- hip, n (%) 

 
26 (52) 
18 (86) 

 
31 (61) 
29 (97) 

Body Mass Index, mean (sd) 28.2 (4.2) 28.8 (4.6) 
 
† K&L: Kellgren & Lawrence score. 
* Significant difference between groups (p < 0.05). 
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Figure 3.1: Flow diagram through the study 
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In the long-term (60 months follow-up), patients in both treatment groups 
improved on all primary outcome measures. The differences between 
treatment groups in pain (-0.18 [-1.7; 1.4]), physical function (-1.92 [-6.5; 
2.6]) and PGA (OR = 0.67 [0.3; 1.4]) were small and not statistically 
significant. Similar results were found on most secondary outcome measures 
at 60 months follow-up, namely patient-oriented physical functioning, 
physical performance and health care utilization after discharge. The only 
significant difference between treatment groups was found in the number of 
patients that underwent a joint replacement surgery during the study period. 
Namely, in the BGA treatment group 14 patients (14.4%) underwent a joint 
replacement surgery during the study period compared to 25 patients (24.3%) 
in the UC treatment group. Cox-proportional hazard analysis showed that 
the risk for joint replacement surgery was significantly higher for patients 
treated with UC compared to BGA (hazard ratio [95%CI] = 2.10 [1.1; 4.1]). As 
indicated by a significant interaction term, the location of OA (hip, knee or 
both) was a modifier of the relationship between treatment group and the 
risk for joint replacement surgery. Although it was not preplanned in our 
research protocol, the data on the long-term effectiveness of BGA and UC 
were also analyzed separately for patients with hip OA and patients with 
knee OA, since the location of OA was found to be a significant interaction 
term. Because Veenhof et al.16 only presented the results for the total group 
of patients with OA (after 3, 9, and 15 months follow-up), we also include 
the results on the short- and mid-long-term for patients with hip and knee 
OA separately. 
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Patients with hip osteoarthritis 
In total 70 patients with hip OA were included in the trial: 30 patients in the 
BGA group and 40 patients in the UC group. In the long term (60 months 
follow-up) no significant differences were found between treatment groups 
on the primary and most secondary outcomes (patient oriented physical 
function and physical performance), see table 3.2. However, in the BGA 
treatment group only 6 patients with hip OA (20.0%) underwent a joint 
replacement surgery during the study period compared to 18 patients with 
hip OA (45.0%) in the UC treatment group. Cox-proportional hazard analysis 
showed that the risk for joint replacement surgery was significantly higher 
for patients treated with UC compared to BGA (HR = 2.87 [1.1; 7.3]), see 
figure 3.2. 
 
Table 3.2 also presents the differences between treatment groups on the 
short-term (3 months follow-up) and mid-long-term (9 and 15 months 
follow-up) for patients with hip OA. At the short-term the differences 
between treatment groups were mostly not statistically significant. Only on 
pain and physical performance a significant difference in favor of BGA was 
found. However, the differences between treatment groups in favor of BGA 
increased at the mid-long-term (9 months follow-up) and were statistically 
significant for pain, physical function, patient global assessment and patient 
oriented physical function. At 15 and 60 months no significant differences 
between treatment groups were found (see table 3.2). Only on physical 
performance a significant difference between treatment groups in favor of 
BGA was found at 15 months follow-up. 
 
Patients with knee osteoarthritis 
Table 3.3 presents the results for patients with knee OA on the primary 
outcome measures. In total 150 patients with knee OA were included in the 
trial: 75 patients in the BGA group and 75 patients in the UC group. 
Although the results were mostly in favor of BGA, the differences between 
treatment groups on the primary and secondary outcome measures were 
small and not statistically significant, as well at the short-term, mid-long-
term and long-term. Also no differences were found in the risk for joint 
replacement surgery between treatment groups in patients with knee OA 
(hazard ratio [95%CI] = 1.11 [0.4; 2.8]). In both treatment groups 9 patients 
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with knee OA (12.0%) underwent a joint replacement surgery during the 
study period. 
 
 
Figure 3.2: Kaplan-Meier Survival Curve for patients with hip OA 
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Blinding 
The research assistants were asked to guess the assigned treatment 
immediately after the measurements at 3, 15 and 60 months follow-up. The 
research assistants guessed the assigned treatment in 57% of the cases at 3 
months follow-up (Cohen’s kappa = 0.14), 46% of the cases at 15 months 
follow-up (Cohen’s kappa = -0.09), and 51% of the cases at 60 months follow-
up (Cohen’s kappa = 0.03). 
 
Additional analyses 
In order to correct for dependency of observations within subjects and taking 
into account variation between physiotherapists all analyses were 
additionally also performed on a multilevel basis (level: time, patient, and 
physical therapist). The multilevel analysis yielded similar results (data not 
presented). To investigate if the differences between treatment groups in the 
mid-long-term and long term on primary and secondary outcome measures 
were biased by the difference in the number of joint replacement surgeries 
between treatments a exploratory per protocol analysis (not preplanned in 
research protocol) was performed. In this per-protocol analysis all patients 
who underwent a joint replacement surgery during the study period were 
considered as lost to follow-up from operation date. The differences between 
treatment groups in patients with hip OA increased considerably in favor of 
BGA on all outcome measures at 15 months and 60 months follow-up. For 
instance, the differences between treatment groups on physical function in 
patients with hip OA at 15 and 60 months follow-up increased respectively 
from -1.75[-7.8; 4.3] and -3.26[-11.0; 4.4] (patients with arthroplasty 
included) to -3.67[-9.8; 2.4] and -7.92[-17.7; 1.9] (patients with arthroplasty 
considered as lost to follow-up from operation date) (see figure 3.3). 
However, these differences were not statistically significant. In patients with 
knee OA the per-protocol analysis yielded similar results compared to the 
intention-to-treat analyses.  
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Figure 3.3: Change in physical function (WOMAC) in patients with hip 
OA¹, differences between intention to treat and per-protocol 
analysis (all patients who underwent a joint replacement surgery 
during the study period were considered lost to follow-up from 
operation date) 
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¹ Negative signs indicate improvement. 
 
 
Discussion 
 
This follow-up study was designed to evaluate whether a BGA results in 
better long-term effectiveness than UC in patients with OA of the hip and/or 
knee. Both treatment groups showed beneficial effects in the long-term. No 
significant differences between treatment groups were found on the primary 
outcome measures at 5 years follow-up, as well in patients with hip OA as in 
patients with knee OA. However, in patients with hip OA behavioral graded 
activity (BGA) resulted in the long-term in less joint replacement surgeries 
than UC. 
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In the literature it is often suggested that low exercise adherence rates and a 
lack of regular physical activity post-treatment are important reasons for 
poor long-term effectiveness of exercise therapy12;13. Since BGA results in 
better exercise adherence and a more physically active lifestyle in the short- 
and mid-long-term28, the hypothesis was that BGA would result in better 
long-term effectiveness than UC. Surprisingly, both BGA and UC resulted in 
beneficial within-groups effects on pain and physical function in the long-
term (5 year after inclusion). No significant differences were found between 
treatment groups. It was expected that UC would only result in short-term 
effects, because several studies have demonstrated that the beneficial effect of 
exercise therapy in patients with osteoarthritis decline after discharge and 
finally disappear in the mid-long-term 11;38. In patients with hip OA it is 
likely that the results of UC on pain and physical function at 15 and 60 
months follow-up were biased by patients who underwent joint replacement 
surgery during the study period. This was confirmed in exploratory per-
protocol-analysis, in which patients who underwent a joint replacement 
surgery during the study period were considered as lost to follow-up from 
operation date. Namely, the exploratory per-protocol-analysis demonstrated 
that the differences increased considerably in favor of BGA on all outcome 
measures, due to a decline in effectiveness in patients treated with UC in the 
mid-long-term and long-term. However, these differences between 
treatment groups at 15 and 60 months follow-up were not statistically 
significant, which is probably due to a lack of power. 
 
The reduced risk for joint replacement surgery in BGA patients with hip OA 
may be due to the beneficial effects of BGA in the short-term and mid-long-
term on pain and physical function. In the short-term (3 months follow-up) a 
significant difference in favor of BGA was found on pain and physical 
performance in patients with hip OA. In the mid-long-term (9 months 
follow-up) on almost all outcome measures a significant difference was found 
in favor of BGA in patients with hip OA, namely pain, physical function, 
patient global assessment, and patient oriented physical function. 
Apparently, the beneficial effects of BGA in the short- and mid-long-term 
are large enough to postpone joint replacement surgery. Comparable results 
were found in patients with knee OA by Deyle et al., in which was 
demonstrated that a combination of manual physical therapy and supervised 
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exercise yields functional benefits and may delay or prevent the need for 
surgical intervention.39 However, since our study was not specifically 
designed to investigate the effect of exercise therapy on the risk for joint 
replacement surgery and the possibility exist that the found difference in the 
risk for joint replacement surgery was due to a type-1 error (false positive 
outcome), further research to confirm our findings is needed. 
 
Several studies in which the effectiveness of exercise therapy in patients with 
osteoarthritis was investigated found similar results for patients with hip OA 
and patients with knee OA.38;40 Surprisingly, the results of our study showed 
differently. In patients with hip OA the results were in favor of BGA and in 
patients with knee OA both treatments were equally effective. A possible 
explanation could be that the biomechanical, psychological or clinical 
prognostic or risk factors for functional decline are different for patients with 
hip and knee OA. Because existing studies on prognostic or risk factors are 
mainly done in patients with knee OA41, this possibility can not be fully 
evaluated. The main goal of exercise therapy is to eliminate potential risk 
factors for functional decline and improve overall physical function, so that 
individuals can meet as long as possible the demands of daily living.42 Due to 
the positive results in favor of BGA in patients with hip OA, it can be 
concluded that integrating more functional and task-oriented exercises and 
strategies directed at behavioral change are in particularly important for 
patients with hip OA.  
 
There are a few limitations to this study that need to be mentioned. First of 
all, the lost to follow-up rate at 5 years follow-up (26%) was higher than 
expected (20%). The sample of 149 patients which were followed until 5 
years follow-up was smaller than the sample size required by our power 
analysis. To detect a small to medium effect-size (0.2-0.4) in the outcome 
measures pain and physical functioning (with a two-sided significance level 
of 0.05 and power of 80%) in the long term, the sample size needed to be at 
least 80 per group. The power calculation was done based on the assumption 
that both treatments would show similar results in patients with knee and 
hip OA. Surprisingly, the location of OA seemed to be a modifier of the 
relationship between the allocated treatment and outcome. For this reason 
the data needed to be analyzed separately for patients with knee OA and 
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patients with hip OA. Consequently, our study was theoretically 
underpowered to detect any between-group differences. However, although 
there was a lack of power, significant and clinically relevant effects were 
found in patients with hip OA. Secondly, results of our study could be biased 
by the number of patients which were lost to follow-up, which was 26% at 
the long-term follow-up (5 years after inclusion). However, the non-response 
analysis showed similar baseline characteristics for responders and non-
responders. 
 
In conclusion, both treatment groups show beneficial within-groups results 
in the long term. No significant differences between treatment groups were 
found in the long-term on pain, physical function and patient global 
assessment, both in patients with knee and hip OA. Although more research 
is needed to confirm the study findings, the results indicate that BGA reduces 
the risk for joint replacement surgeries compared to UC in patients with hip 
OA, which probably can be explained by better outcome in favor of BGA in 
the short and mid-long-term.  
 

76 



Behavioural graded activity versus usual physiotherapy care 

References 
 
(1) Miedema HS. Reuma in Nederlands: De cijfers (Rheumatic diseases in the 

Netherlands: the facts). 1997. Leiden; The Netherlands, TNO Prevention and 
Health.  

(2) Dekker J, Boot B, van der Woude LH, Bijlsma JW. Pain and disability in 
osteoarthritis: a review of biobehavioral mechanisms. J Behav Med 
1992;15:189-214. 

(3) Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM et al. 
Osteoarthritis: new insights. Part 1: the disease and its risk factors. 
Ann.Intern.Med. 2000;133:635-46. 

(4) McAlindon TE, Cooper C, Kirwan JR, Dieppe PA. Determinants of disability in 
osteoarthritis of the knee. Ann Rheum Dis 1993;52:258-62. 

(5) Hochberg MC, Altman RD, Brandt KD, Clark BM, Dieppe PA, Griffin MR et al. 
Guidelines for the medical management of osteoarthritis. Part II. Osteoarthritis 
of the knee.American College of Rheumatology. Arthritis Rheum. 
1995;38:1541-6. 

(6) Jordan KM, Arden NK, Doherty M, Bannwarth B, Bijlsma JW, Dieppe P et al. 
EULAR Recommendations 2003: an evidence based approach to the 
management of knee osteoarthritis: Report of a Task Force of the Standing 
Committee for International Clinical Studies Including Therapeutic Trials 
(ESCISIT). Ann.Rheum.Dis. 2003;62:1145-55. 

(7) Zhang W, Doherty M, Arden N, Bannwarth B, Bijlsma J, Gunther KP et al. 
EULAR evidence based recommendations for the management of hip 
osteoarthritis: report of a task force of the EULAR Standing Committee for 
International Clinical Studies Including Therapeutics (ESCISIT). 
Ann.Rheum.Dis. 2005;64:669-81. 

(8) Fransen M,.McConnell S. Exercise for osteoarthritis of the knee. 
Cochrane.Database.Syst.Rev. 2008;CD004376. 

(9) Fransen M, McConnell S, Hernandez-Molina G, Reichenbach S. Exercise for 
osteoarthritis of the hip. Cochrane.Database.Syst.Rev. 2009;CD007912. 

(10) van Baar ME, Assendelft WJ, Dekker J, Oostendorp RA, Bijlsma JW. 
Effectiveness of exercise therapy in patients with osteoarthritis of the hip or 
knee: a systematic review of randomized clinical trials. Arthritis Rheum. 
1999;42:1361-9. 

(11) Pisters MF, Veenhof C, van Meeteren NLU, Ostelo RW, de Bakker DH, 
Schellevis FG et al. Long-term effectiveness of exercise therapy in patients with 
osteoarthritis of hip or knee: A systematic review. Arthritis Rheum 
2007;57:1245-53. 

77 



Chapter 3 

(12) Marks R,.Allegrante JP. Chronic osteoarthritis and adherence to exercise: A 
review of the literature. Journal of Aging and Physical Activity 2005;13:434-60. 

(13) Roddy E, Zhang M, Doherty N, et al. Evidence-based recommendations for the 
role of exercise in the management of osteoarthritis of the hip or knee: The 
MOVE consensus. J.Rheumatol. 2005;44:67-73. 

(14) Dunlop DD, Semanik P, Song J, Mancheim M, Shih V, Chang RW. Risk factors 
for functional decline in older adults with arthritis. Arthritis Rheum 
2005;52:1274-82. 

(15) Veenhof C, Van den Ende E. GRADIT: een graded-activityprogramma voor 
patienten met artrose van heup of knie. In Dijkstra PU, van Burken P, Marinus 
J, Nijs J, van Wilgen CP, eds. Jaarboek Fysiotherapie [in Dutch], Houten: Bohn 
Stafleu Van Loghum, 2005. 

(16) Veenhof C, Koke A, Dekker J, Oostendorp RA, Bijlsma JW, van Tulder M et al. 
Effectiveness of behavioral graded activity in patients with osteoarthritis of hip 
and/or knee: a rondomized controlled trial. Arthritis Rheum 2006;55:925-34. 

(17) Veenhof C, Koke A, Dekker J, Oostendorp RA, Bijlsma JW, van Tulder M et al. 
Effectiveness of behavioral graded activity in patients with osteoarthritis of hip 
and/or knee: a randomized controlled trial. Arthritis Rheum 2006;55:925-34. 

(18) Pisters MF, Veenhof C, de Bakker DH, Schellevis FG, Dekker J. Exercise 
adherence and physical activity in patients with osteoarthritis of hip or knee: a 
randomized clinical trial comparing behavioral graded activity and usual 
exercise therapy. Journal of Physiotherapy 2010;56:41-7. 

(19) Veenhof C, Dekker J, Bijlsma JW, Van den Ende CHM. Infleunce of various 
recruitment strategies on the study population and outcome of a randomized 
controlled trial involving patients with osteoarthritis of the hip or knee. 
Arthritis Rheum 2005;53:375-82. 

(20) Veenhof C, Dekker J, Bijlsma JW, Van den Ende CHM. Influence of various 
recruitment strategies on the study population and outcome of a randomized 
controlled trial involving patients with osteoarthritis of the hip or knee. 
Arthritis Rheum 2005;53:375-82. 

(21) Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K et al. Development 
of criteria for the classification and reporting of osteoarthritis. Classification of 
osteoarthritis of the knee. Diagnostic and Therapeutic Criteria Committee of 
the American Rheumatism Association. Arthritis and Rheumatism 
1986;29:1039-49. 

(22) Altman R, Alarcon G, Appelrouth D, Bloch D, Borenstein D, Brandt K et al. The 
American College of Rheumatology criteria for the classification and reporting 
of osteoarthritis of the hip. Arthritis and Rheumatism 1991;34:505-14. 

(23) Faucher M, Poiraudeau S, Lefevre-Colau MM, Rannou F, Fermanian J, Revel M. 
Assessment of the test-retest reliability and construct validity of a modified 
Lequesne index in knee osteoarthritis. Joint Bone Spine 2003;70:521-5. 

78 



Behavioural graded activity versus usual physiotherapy care 

(24) Lequesne MG, Mery C, Samson M, Gerard P. Indexes of severity for 
osteoarthritis of the hip or knee. Validation-value in comparison with other 
assessment tests. Scand J Rheumatol Suppl 1987;65:89. 

(25) Fordyce WE, Fowler RS, Lehmann JF, Delateur BJ, Sand PL, Trieschmann RB. 
Operant conditioning in the treatment of chronic pain. Arch Phys Med Rehabil 
1973;54:339-408. 

(26) Lindstrom I, Olhund C, Eek C, Wallin L, Petterson LE, Fordyce WE et al. The 
effect of graded activity on patients with subacute low back pain: a randomized 
prospective clinical study with an operant-conditioning behavioral approach. 
Phys Ther 1992;72:279-90. 

(27) Vogels, E. M. H. M., Hendriks, H. J. M., van Baar, M. E., Dekker J, Hopman-
Rock, M., Oostendorp RA, Hullegie, W. A. M. M., Bloo, H., Hilberdink, W. K. 
H. A., Munnekke, M., and Verhoef, J. Clinical practice guidelines for physical 
therapy in patients with osteoarthritis of the hip or knee. 2001. Amersfoort, 
KNGF.  

(28) Pisters MF, Veenhof C, de Bakker DH, Schellevis FG, Dekker J. Exercise 
adherence and physical activity in patients with osteoarthritis of hip or knee: a 
randomized clinical trial comparing behavioral graded activity and usual 
exercise therapy. submitted 2008. 

(29) KELLGREN JH,.LAWRENCE JS. Radiological assessment of osteoarthrtis. Ann 
Rheum.Dis. 1957;16:494-502. 

(30) Ravaud P,.Dougados M. Radiographic assessment in osteoarthritis. J.Rheumatol. 
1997;24:786-91. 

(31) Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation of 
WOMAC: a health status instrument for measuring clinically important patient 
relevant outcome to antirheumatic drugs therapy in patients with osteoarthritis 
of the hip or knee. J Rheumatol 1988;15:1833-40. 

(32) Roorda LD, Jones CA, Waltz M, Lankhorst GJ, Bouter LM, van der Eijken JW et 
al. Satisfactory cross cultural equivalence of the Dutch WOMAC in patients 
with hip osteoarthritis waiting for arthroplasty. Ann.Rheum.Dis. 2004;63:36-42. 

(33) van der Heijden, G. J. M. G. Shoulder disorder treatment: Efficacy of 
ultrasoundtherapy and electrotherapy. 1996. Maastricht, The Netherlands, 
University Press Maastricht.  

(34) Tugwell P, Bombardier C, Buchanan WW, Goldsmith CH, Grace E, Hanna B. 
The MACTAR patient preference disability questionnaire - an individualized 
functional priority approach for assessing improvement in physical disability in 
clinical trials in rheumatiod arthritis. J.of Rheum 1987;14:446-51. 

(35) Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale: 
Lawrence Erlbaum Associates, 1988. 

(36) Bryk, A. S. and Raudenbusch, S. W. Hierarchical lineair models: Application 
and data management methods. 1992. Newbury Park, Sage Publications.  

79 



Chapter 3 

(37) Goldstein, H. Multilevel statistical models. 1995. New York, Halsted Press.  
(38) van Baar ME, Dekker J, Oostendorp RA, Bijl D, Voorn TB, Bijlsma JW. 

Effectiveness of exercise in patients with osteoarthritis of hip or knee: nine 
months' follow up. Ann Rheum Dis 2001;60:1123-30. 

(39) Deyle GD, Henderson NE, Matekel RL, Ryder MG, Garber MB, Allison SC. 
Effectiveness of manual physical therapy and exercise in osteoarthritis of the 
knee. A randomized, controlled trial. Ann Intern Med 2000;132:173-81. 

(40) Fransen M, McConnell S, Bell M. Therapeutic exercise for people with 
osteoarthritis of the hip or knee. A systematic review. J.Rheumatol. 
2002;29:1737-45. 

(41) Van Dijk GM, Dekker J, Veenhof C, van den Ende CH. Course of functional 
status and pain in osteoarthritis of the hip or knee: a systematic review of the 
literature. Arthritis Rheum. 2006;55:779-85. 

(42) Tan JC and Horn SE. Practical manual of Physical Medicine and Rehabilitation: 
Diagnoses, Therapeutic and Basic Problems. 156-177. 1998. St. Louis Mosby. 

 
 

80 


