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Abstract
Objective: Compare the long-term effects of two different individualised physical activity interventions in

hip or knee osteoarthritis patients.

Design: Randomised, assessor-blinded, controlled trial.

Setting: Primary care.

Subjects: Patients with clinically verified hip or knee osteoarthritis, <150 min/week with moderate or

vigorous physical activity, aged 40–74.
Intervention: The advice group (n= 69) received a 1-h information and goalsetting session for individua-

lised physical activity. The prescription group (n= 72) received information, goalsetting, individualised writ-

ten prescription, self-monitoring, and four follow-ups.

Main measures: Physical activity, physical function, pain and quality of life at baseline, 6, 12 and 24

months.

Results: There were only minor differences in outcomes between the two groups. For self-reported physical

activity, the advice group had improved from a mean of 102 (95% CI 74–130) minutes/week at baseline to 214

(95% CI 183–245) minutes/week at 24 months, while the prescription group had improved from 130 (95% CI

103–157) to 176 (95% CI 145–207) minutes/week (p=0.01 between groups). Number of steps/day decreased

by −514 (95% CI −567–462) steps from baseline to 24 months in the advice group, and the decrease in the

prescription group was −852 (95% CI −900–804) steps (p=0.415 between groups). Pain (HOOS/KOOS) in

the advice group had improved by 7.9 points (95% CI 7.5–8.2) and in the prescription group by 14.7 points

(95% CI 14.3–15.1) from baseline to 24 months (p=0.024 between groups).
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Conclusions: There is no evidence that individualised physical activity on prescription differs from indi-

vidualised advice in improving long-term effects in patients with hip or knee osteoarthritis.
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activity on prescription
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Introduction

The level of physical activity is low in people with
hip or knee osteoarthritis compared to the general
population.1 It has been shown that if no treatment
is offered, depression and worsening of radio-
graphic osteoarthritis were correlated to a decline
in physical activity (steps per day) 2 years later in
individuals with or at risk of knee osteoarthritis
and that those who were obese or had comorbidities
walked significantly less at baseline.2 It is well
known that physical activity interventions benefit
osteoarthritis symptoms and general health. There
is evidence of reduced pain, improved function
and improved quality of life for 2 to 6 months
after various physical activity interventions.3,4

According to systematic reviews with meta-ana-
lyses, the effects of physical activity interventions
decline over time and sustained long-term effects
are rare.5,6 However, comprehensive interventions
individualised to the patient may increase long-term
physical activity.7,8 In the Fit & Strong study,7 par-
ticipants with improved physical activity at 12 and
18 months had received education combined with
aerobic walking and resistance training for 22 ses-
sions and a total of 36 h. All participants also devel-
oped individualised plans for long-termmaintenance
of physical activity.7 Another study by Pister et al.
found that physical activity had improved after 15
months when the participants were offered 18 ses-
sions with behaviour-graded activities, along with
seven booster sessions over the following year.8

Other less comprehensive studies, which were
individualised to the patient and included behav-
iour change techniques, had improved physical
activity after 12 to 18 months.9,10 However,
overall there are few published long-term studies

based on behaviour change techniques in patients
with lower limb osteoarthritis.11 In meta-analyses,
if behaviour change techniques were used, benefi-
cial long-term effects (≥12 months) have been
found in adults with overweight and obesity12 and
in adults at risk of chronic disease.13 International
recommendations for patients with hip or knee
osteoarthritis promote an individualised, patient-
centred approach to improve physical activity.14,15

There is currently limited evidence of whether this
intervention is beneficial in the long-term.5,6

The aim of this study was to compare the long-
term effects (12 and 24 months from baseline) on
physical activity level, physical function, pain and
quality of life of two different, individualised,
physical activity interventions in patients with
osteoarthritis in the hip or knee.

Method

In a parallel group with an assessor-blinded, rando-
mised controlled trial, a 6-month intervention with
physical activity on prescription (prescription
group) was evaluated 6, 12 and 24 months after
baseline compared to a 1-h advice session on phys-
ical activity (advice group). The study took place
between June 2010 and December 2016. The
Regional Ethical Review Board in Uppsala
approved the study (DNR2010/001), which was
conducted in accordance with the CONSORT
guidelines for randomised controlled trials and
registered at ClinicalTrial.gov (NCT02387034).

The sample size required was estimated in order
to ensure sufficient statistical power for the analysis
of the effects of physical activity measured as steps
per day with an accelerometer. Based on a previous
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similar study,16 we assumed a mean difference of
600 steps per day between the prescription group
and the advice group in the treatment effect, a
standard within-group deviation of 1200 steps and
a correlation of 0.75 between assessments in the
same person before and after the interventions. A
two-tailed t-test on the difference in effect
between the two groups had the aim of achieving
a desired power of 80% (p= 0.05) if the sample
size was approximately 70 patients per group.

Randomisation was carried out by an assessor
not involved in the study. Sealed and opaque envel-
opes in groups of 10, five for the prescription group
and five for the advice group, were distributed to
the health care centres. The physiotherapist who
carried out the intervention opened the envelope
to see the group to which the patient would
belong. The physiotherapist was consequently not
blinded to the group to which the patient was
assigned. The assessor who measured the partici-
pants before allocation and at 6, 12 and 24
months was blinded for the allocation.

This study evaluated the patients at 12 and 24
months. Results from baseline to 6 months have
been presented elsewhere,17 but will be presented
in this study as comparison.

Patients with hip or knee osteoarthritis were
recruited between 2010 and 2014 from a primary
care in a town in central Sweden. Inclusion criteria
were age, 40–74 years old, a verified clinical diag-
nosis of osteoarthritis in the hip or knee and a low
level of self-reported physical activity (<150 min at
moderate intensity or <75 min at vigorous intensity
per week) at the time of screening.18 Exclusion cri-
teria were hip fracture or a history of hip or knee
replacement, meniscal injury, cruciate ligament
injury, neuropathic pain in the leg, rheumatoid arth-
ritis, severe cardiovascular disease or cancer and
those who could not communicate in Swedish.
Full details concerning the randomisation and the
interventions have been described previously.17

The physiotherapists at the health care centres
delivered the interventions. The contents of the
two interventions are described in brief below:

Patients in the advice group received a 1-h
session with comprehensive oral and printed infor-
mation based on the book Physical Activity in the

Prevention and Treatment of Disease,19 including
the importance of daily activity for long-term health;
and were also informed that physical activity is an
effective way to cope with osteoarthritis and that phys-
ical activity is not associated with a higher risk of joint
damage and flare ups. The individually tailored phys-
ical activity included advice to undertake aerobic
activities (e.g. walking or cycling) three times per
week for at least 30 min, as well as
muscle-strengthening activities in daily life (e.g. to
use stairs and focus on the legs when rising from a
chair). Each patient could choose the preferred type
of activities and the intensity of those activities.

The advice group was based on the behaviour
change techniques information about health conse-
quences and goalsetting.20 A discussion was held on
potential harm and benefits associated with physical
activity to enable the patient to make smart choices
based on facts and not fears (information about
health consequences). In addition, aerobic activities
three times per week for 30 min and
muscle-strengthening activities in daily life were the
outcomes they were supposed to achieve (goalsetting).

Patients in the prescription group received the
same 1-h of information and an additional, individua-
lised, written physical activity prescription and subse-
quently four follow-up appointments for 6 months.
The Swedish method of ‘Physical Activity on
Prescription’ (S-PAP) was used.21 The prescription
was based on what had been discussed and mutually
decided on in the individual patient-centred dialogue.
The written prescription spelled out the type, fre-
quency and dose of physical activity and provided a
form for self-monitoring of activities. Additional
behaviour change techniques used in the prescription
group were action-planning, self-monitoring of behav-
iour, review of behaviour goals and graded tasks.20

The prescription group was supported in formulating
a goal, for example, play with my grandchildren on
the floor, or be able to go up and down the stairs.
Together with the physiotherapist, the patient dis-
cussed and decided how to act to achieve the goal
and planned when, where and how the physical activ-
ities should be performed (action-planning). They
were also instructed to self-monitor their behaviour
by writing down their daily activities (self-monitoring
of behaviour) until the next follow-up. At the

772 Clinical Rehabilitation 38(6)



individual follow-ups, the patient and physiotherapist
evaluated the physical activity behaviour and new
goals and activities were planned or adjusted
(review of behaviour goals, graded tasks).

In addition, the patients in both groups also
received feedback on the results of the performance-
based tests of function at baseline, 6, 12 and 24
months. They became aware of their capacity when
they saw how far they walked during the 6-min
walk test, how many times they got up from the
chair in the 30-s chair-stand test and whether one
leg was weaker in the maximal step-up test.

Participant characteristics were assessed as part
of the baseline questionnaire. Weight and height
were measured and radiologic assessment of osteo-
arthritis was performed at baseline.22 Primary end-
point was 24 months, but outcomes were also
assessed at 6 and 12 months (Figure 1). Primary
outcomes were physical activity and secondary
outcomes were physical function, pain and
quality of life.

Primary outcomes

• Self-reported physical activity: Activity
minutes were assessed with two questions
about exercise and everyday activity during
a typical week. ‘How much time do you
spend during a typical week on physical
training that makes you feel short of
breath, for instance, running, jogging or
ball games?’ and ‘How much time do you
spend during a typical week on daily phys-
ical activities such as walking, cycling or
gardening?’ Both questions have five to
seven categorical answer alternatives, and
the answers were added up to produce total
activity minutes. This was obtained by
multiplying exercise by two to account for
a proposed higher intensity (minutes in exer-
cise × 2) and adding time in daily physical
activity (minutes in everyday activity ×
1).23 A clinically meaningful outcome
could not be assessed, but the number of par-
ticipants achieving at least 150 activity
minutes per week was evaluated.18

• Accelerometer-assessed physical activity:
Steps per day and moderate and vigorous
intensity physical activity (MVPA) defined as
≥3 metabolic equivalent of tasks (MET)
were assessed with a three-axis accelerometer
with health sensors, the SenseWear Armband
Mini MF-SW (Body Media, Pittsburgh,
Pennsylvania, USA). The SenseWear
Armband software 9 was used.24,25 Full
details of the SenseWear Armband have been
described previously.17 Patients wore the
sensor on the upper triceps 24 h a day for
seven consecutive days. A valid day was
counted as a day with 90% of 24 h as wear
time. Accelerometer data were eligible if the
patient had worn the sensor on at least four
valid days. A clinically meaningful outcome
could not be assessed.

Secondary outcomes

• Physical function. Six-min walk test was
used,26 and a clinically meaningful change
of ≥ 14.0m was evaluated.27 A 30-s chair-
stand test was used,26 and a clinically mean-
ingful change of ≥ 2.0 repetitions was eval-
uated.28 A maximal step-up test was used.29

A clinically meaningful change could not be
assessed. The number of participants achiev-
ing at least a step-up height of 24 cm was
evaluated. It has been shown that less than
24 cm correlated to limitations in common
daily activities such as climbing stairs,
kneeling and walking more than 2000m.30

• Pain and quality of life: Osteoarthritis-related
pain and quality of life were assessed with
the Hip disability and Osteoarthritis
Outcome Score (HOOS)31 and Knee injury
and Osteoarthritis Outcome Score (KOOS),32

which is reported on a scale from 0 (worst)
to 100 (best). A clinically meaningful change
of≥10 points was evaluated.32

Statistical analyses

Baseline comparisons between groups are pre-
sented descriptively in Table 1. The outcomes
were analysed with the intention to treat method
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and all participants including those with missing data
and those who were not fully protocol compliant
were included. To account for repeated measures, the
following outcomes were analysed using linear
mixed model33: activity minutes per week, steps per

day, 6-min walk distance, repetitions in the 30-s chair-
stand test, maximal step-up height, pain and quality of
life. The model included time (baseline, 6, 12 and 24
months) and group (physical activity on prescription
or advice) as categorical fixed factors, interactions

Figure 1. Enrolment, randomisation, dropout and follow-up at 6, 12 and 24 months.
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Table 1. Participant characteristics at baseline.

Characteristics

Randomised (n= 141)

Prescription group

(n= 72)

Advice group

(n= 69)

Women, n (%) 56 (78) 46 (67)

Age (years), mean (SD) 59.7 (8.6) 60.9 (7.9)

Body mass index (kg/m²), median (Q1, Q3) 31.0 (27.7, 33.5) 30.2 (26.8, 33.4)

Location osteoarthritis

Hip, n (%) 19 (26) 18 (26)

Knee, n (%) 53 (74) 51 (74)

Radiographic OA severity, Kellgren–Lawrence scorea, n (%), n= 137

Score 0–2 58 (83) 55 (82)

Score 3–4 12 (17) 12 (18)

Comorbidity

Depression, n (%) 6 (8) 5 (7)

Heart diseaseb, n (%) 11 (15) 12 (17)

Asthma/COPD, n (%) 5 (7) 7 (10)

Severe obesity (body mass index (kg/m²) > 35), n (%) 10 (14) 12 (17)

Severe pain (not due to knee or hip), n (%) 4 (6) 3 (4)

Diabetes mellitus, n (%) 3 (4) 4 (6)

Lifestyle self-reported

Current smoker, n (%) 6 (9) 7 (10)

Alcoholc, risky consumption, n (%) 6 (8) 6 (9)

Eating habitsd, unhealthy eating, n (%) 7 (10) 9 (13)

Education

Elementary school, n (%) 22 (31) 23 (33)

High school, n (%) 34 (47) 33 (48)

College/university, n (%) 16 (22) 13 (19)

Not meeting recommendations for physical activitye, n (%) 52 (72) 55 (80)

Activity minutes per weekf self-reported, median (Q1, Q3) 104 (45, 206) 75 (45, 120)

Accelerometer-assessed physical activity (n= 70 respective n= 67)

Steps, number/median (q1, q3) 7531 (5319,9749) 7041 (5175, 9111)

MVPA, total minutes per day, median (q1, q3) 71 (32, 117) 64 (42, 119)

MVPA, minutes per day in bouts of 10 min, median (q1, q3) 31 (12, 61) 30 (11, 71)

Six-min walk test, (m), mean (SD) 501 (78.1) 510 (72.6)

30-s chair-stand test, (n), mean (SD) 11.3 (4.0) 11.4 (3.0)

Maximal step-up test (affected leg), (cm), mean (SD) 22.1 (6.6) 23.7 (6.9)

HOOS7/KOOSh, mean (SD)

Pain 52 (16.7) 55 (16.7)

Quality of life 39 (17.8) 39 (15.7)

aScores on the Kellgren–Lawrence scale range from 1 to 4, higher scores indicate more severe disease.
bHeart disease: myocardial infarction, angina pectoris or heart failure.
cAlcohol, female risky consumption defined as ≥ 9 standard glasses/week or ≥4 standard glasses on one occasion one or more times

per month. For men defined as ≥ 14 standard glasses/week or ≥5 standard glasses on one occasion one or more times per month. A

standard glass corresponds to 33 cl of beer, 12–15 cl of wine or just under 4 cl of hard liquor.
dEating habits, unhealthy eating habits defined from a questionnaire index as low consumption of fruits, vegetables and fish and high

consumption of sweets, chips, buns and cakes and soft drinks.
eSelf-reported <150 min/week of moderate physical activity or <75 min/week of vigorous physical activity.
fActivity minutes are (minutes in exercise× 2)+ (minutes in every-day physical activity× 1).
gHOOS=Hip disability and Osteoarthritis Outcome Score, ranges from 0 (worst) to 100 (best).
hKOOS=Knee injury and Osteoarthritis Outcome Score, ranges from 0 (worst) to 100 (best).
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between time and group, random intercepts and an
unstructured covariance matrix. Missing data were
largely due to participant attrition and appear to be
either missing completely at random (not related to
missing or observed data) or missing at random (not
related to missing data). Marginal means were com-
puted based on the estimated coefficients in the
linear mixed models and presented with a 95% confi-
dence interval (95% CI). Due to a high level (30%) of
missing data in the accelerometer-assessed outcomes
at 24months, moderate and vigorous intensity physical
activity in total minutes per day and moderate and vig-
orous intensity physical activity in 10-min bouts per
day are presented separately, and steps per day were
only included in the linear model for comparison.
Missing data in moderate and vigorous intensity phys-
ical activity, total per day and in 10-min bouts per day,
were imputed with the last case carried forward and
analysed by Wilcoxon’s signed-rank test within
groups (from baseline to 6, 12 and 24 months) and
by the Mann–Whitney U-test of change between the
groups. A two-sided P-value of less than 0.05 was
set for statistical significance. Results are presented
as between-group differences withmean and 95% con-
fidence interval (95% CI) or median and quartiles. All
analyses were performed with the use of Jamovi
version 1.6 15.0 (IBM, New York, USA).

Results

A total of 141 patients were included (Figure 1);
111 patients (79%) were followed up at 12
months and 107 patients (76%) at 24 months.
Baseline characteristics are presented in Table 1.
Knee osteoarthritis was presented by 74% and
mean age was 60.3 (8.3) in the patients included.

For self-reported physical activity, the advice
group had a mean of 66 (95% CI 65–67) more
activity minutes per week compared to the prescrip-
tion group from baseline to 24 months (p= 0.01
between groups) (Table 2, Figure 2).

Accelerometer-assessed physical activity mea-
sured as steps per day was about 7500 at baseline
in both groups and stayed stable from baseline to
12 months, but decreased to about 6800 in both
groups at 24 months (p= 0.415 between groups)
(Table 2, Figure 2). Changes in moderate and

vigorous intensity physical activity in total and in
10-min bouts per day showed no differences,
neither between nor within groups from baseline
to 24 months (p > 0.05) (Table 3).

Results from the 6-min walk test, the 30-s chair-
stand test, the maximal step-up test and the quality
of life questionnaires displayed no between-group
differences from baseline to 24 months (p> 0.05
between groups) (Table 2, Figure 2). For pain, the
prescription group improved by a mean of 6.9
points (95% CI 6.8–6.9) more than the advice
group, from baseline to 24 months (p= 0.024
between groups) (Table 2 and Figure 2).

At 24 months, 40 to 42% of the patients in both
groups displayed a clinicallymeaningful improvement
in physical function as measured by the 6-min walk
test and the 30-s chair-stand test. About 30% in both
groups displayed a clinicallymeaningful improvement
in pain and quality of life (Table 4). In addition, at 24
months, the number of patients achieving self-reported
physical activity at a level of 150 min per week of
moderate or vigorous intensity (activity minutes) had
increased from 20 to 54% in the advice group and
from 28 to 43% in the prescription group (Table 4).

Discussion

The findings show that there are only minor differ-
ences between the two physical activity interventions,
individualised physical activity on prescription and
individualised advice, when comparing the physical
activity level and clinical outcomes at 12 and
24 months. Clinically meaningful improvements
in physical function, pain and quality of life were
displayed in 29 to 42% of the participants at
24 months.

Both groups improved self-reported physical
activity from baseline to 24 months, whereas
there were small decreases in accelerometer-
assessed physical activity. The results are consist-
ent with a meta-analysis evaluating 57 studies
with at least 100 participants, which showed a
low correlation between accelerometer-assessed
and self-reported physical activity in healthy
adults and individuals with diseases.34 This study
is also in accordance with a meta-analysis
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evaluating individuals with osteoarthritis, which
showed none or only a small increase in
accelerometer-assessed physical activity after phys-
ical activity interventions.35,36 In a recent study evalu-
ating individuals with knee osteoarthritis, the

intervention group increased self-reported physical
activity by 84 more minutes per week compared to
the control group, whereas in accelerometer-assessed
physical activity, none of the groups had improved,
and there were no between-group differences.10

Figure 2. Estimated marginal means from a linear mixed effects model in patients with hip or knee osteoarthritis at

baseline, 6, 12 and 24 months (n= 141 at baseline, n= 120 at 6 months, n= 111 at 12 months, n= 107 at 24 months).

*p<0.05 between groups from baseline.
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Table 3. Accelerometer-assessed MVPA (≥3 METs), measured in total minutes and in bouts of 10 min per day in the

prescription and advice groups, intention to treat, median (q1, q3).

Prescription

group n= 72 Advice group n= 69

Between-group

difference, p-value

MVPA minutes per day, total minutes

Baselinea 70 (29, 77) 62 (32, 70)

6 months 69 (29, 78) 60 (31, 71) 0–6 m 0.821

12 months 72 (40, 121) 71 (42, 127) 0–12 m 0.920

24 months 67 (37, 99) 68 (44, 113) 0–24 m 0.517

MVPA minutes per day in 10-min bouts

Baselinea 31 (22, 43) 31 (26, 37)

6 months 35 (27, 36) 30 (30, 40) 0–6 m 0.253

12 months 30 (13, 62) 32 (10, 74) 0–12 m 0.333

24 months 25 (11, 51) 30 (11, 55) 0–24 m 0.390

MVPA: moderate and vigorous physical activity; MET: metabolic equivalent of tasks.
ap < 0.05 in group from baseline was not showed at any timepoints.

Table 4. Number of patients who reached healthy levels or a clinically meaningful improvement, n (%)a.

Variables Prescription group n= 72 Advice group n= 69

Activity minutes per week, reached ≥150 min/week

0 months 20 (28) 14 (20)

12 months 37 (51) 34 (49)

24 months 31 (43) 37 (54)

Maximal step-up test, reached ≥24 cm

0 months 36 (50) 35 (51)

12 months 40 (56) 48 (70)

24 months 46 (64) 48 (70)

Six-min walk test, ≥ 14 m improvement

0–6 months 34 (47) 29 (42)

0–12 months 36 (50) 34 (49)

0–24 months 29 (40) 28 (41)

30-s chair-stand test, ≥ 2 numbers improvement

0–6 months 24 (33) 24 (35)

0–12 months 23 (32) 24 (35)

0–24 months 30 (42) 28 (41)

HOOSb/KOOSc pain,≥ 10 points improvement

0–6 months 34 (47) 25 (36)

0–12 months 25 (35) 17 (25)

0–24 months 25 (35) 20 (29)

HOOSb/KOOSc quality of life,≥ 10 points improvement

0–6 months 29 (40) 30 (43)

0–12 months 29 (40) 25 (36)

0–24 months 24 (33) 21 (30)

aIf participant was missing at 6, 12 or 24 months, the result was scored as having not improved at all.
bHOOS=Hip disability and Osteoarthritis Outcome Score, ranges from 0 (worst) to 100 (best).
cKOOS=Knee injury and Osteoarthritis Outcome Score, ranges from 0 (worst) to 100 (best).
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One important reason why the results differ
between self-reported and accelerometer-
assessed physical activities is that the accelerom-
eter assesses absolute physical activity, while the
self-reported activity depicts a relative intensity.
Another reason is that the accelerometer has lim-
itations in detecting all types of physical activity,
for example, strength training and cycling.34 Our
patients may have improved small incidental
activities in daily life, such as standing up from
a chair and walking up the stairs, which were
probably not captured by the accelerometer. As
self-reported questionnaires and accelerometers
measure different aspects of physical activity,
they complement each other and both are valu-
able.34 In addition to measures of physical activ-
ity, performance-based tests of function should
also be used in the evaluation of patients with
hip or knee osteoarthritis.26

We found only minor differences in outcomes
between the two interventions, which may
depend partly on a comparison between two very
similar interventions. The similarities were an
individualised intervention based on the behav-
iour change techniques information about health
consequences, goalsetting and feedback. In add-
ition, the patients from both groups could choose
their own physical activities. Although the phys-
ical activity on prescription intervention was
more extensive, including four follow-ups and
use of multiple behaviour change techniques, we
did not find any increased physical activity in
this group. The fact that our 1-h patient-centred
counselling with a physiotherapist might be
enough to increase physical activity in the long-
term needs further investigation, as previous
research has shown that extensive efforts are
needed.7,8,10 We believe that considering patients’
preferences for physical activity and involving the
patient in treatment decisions are core components
of individualised patient-centred counselling.37 In
addition, the information about health conse-
quences behavioural change technique should be
combined with a physical activity intervention.38

Feedback was mainly obtained from the results
of the performance-based tests of function,
which resemble daily activities and are easy to

understand, and probably motivated the patients
to continue with their chosen activities.26,29

Feedback was in a meta-analysis reported to be
the most important behaviour change technique
for maintaining long-term physical activity (≥12
months) in adults.13 Goalsetting has also been
shown to be effective in increasing long-term
physical activity (≥12 months).11,12

The strengths of the study were the patient-
centred individualised physical activity interven-
tions based on behaviour change techniques, phys-
ical activities that could be performed in daily life,
the performance-based tests of function and the
long-term follow-up of patients from a regular
primary care setting. One important limitation
was the lack of a proper control group. A control
group with no intervention for 24 months would
have been unethical with these patients. We
should perhaps only have used the performance-
based tests of function at baseline and 24 months
so as to reduce the effect of feedback. Another limi-
tation was the attrition rate and low adherence to
the accelerometers. A type-2 error might have
emerged as only 70% of the participants in
accelerometer-assessed outcomes at 24 months
were followed up. Although one inclusion criteria
was <150 min of moderate or vigorous physical
activity per week, the patients were quite physically
active at baseline, with little room for major
improvements. We believe that the results of this
study are generalisable to current clinical practice
even though the study was conducted some years
ago. This approach may be beneficial in other set-
tings, but the results would have to be confirmed
by further studies.

Future research should use a proper control
group to evaluate whether individualised phys-
ical activity interventions including behavioural
change techniques can increase physical activity
in the long term. However, the regression to
the mean effect must be taken into account as
it was shown that this was at least 10% when
pain was assessed in individuals with knee
osteoarthritis.39

In conclusion, this study demonstrated that indi-
vidualised physical activity on prescription includ-
ing four follow-ups does not offer long-term
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benefits in increasing physical activity over and
above individualised advice given once.

Clinical messages

• There is still lack of evidence for any
effective physical activity interventions
that increase physical activity in osteoarth-
ritis patients in the long term.

• Individual counselling with support to
choose preferred physical activities that are
easy to perform in daily life may be a bene-
ficial approach for long-term maintenance.

Author contributions
RB, LK and ME: Study conception and design together
with KB. RB: Did the analyses and interpretation of data
and wrote the first draft together with LK, ME and KB.
RB, LK, ME and KB: Participated in the discussions and
revisions of the manuscript and approved the final version.

Declaration of conflicting interests
The authors declared no potential conflicts of interest
with respect to the research, authorship, and/or publica-
tion of this article.

Funding
The authors disclosed receipt of the following financial
support for the research, authorship, and/or publication
of this article: The project received fundings from the
Uppsala-Örebro Regional Research Council three times
(RFR-81931, RFR-154901, RFR-213801) and from the
Centre for Research and Development Uppsala
University/Region Gävleborg two times
(CFUG-158521, CFUG-572551). Financiers have not
been part of the project design, collection, analyses or
interpretation of data or in writing the manuscript and
not the decision to submit the manuscript for publication.

ORCID iDs
Regina Bendrik https://orcid.org/0000-0001-6708-0787
Kristina Bröms https://orcid.org/0000-0002-0080-5023

References
1. Wallis JA, Webster KE, Levinger P, et al. What proportion

of people with hip and knee osteoarthritis meet physical

activity guidelines? A systematic review and meta-analysis.
Osteoarthritis Cartil 2013; 21: 1648–1659.

2. White DK, Tudor-Locke C, Zhang Y, et al. Prospective
change in daily walking over 2 years in older adults with
or at risk of knee osteoarthritis: the MOST study.
Osteoarthritis Cartil 2016; 24: 246–253.

3. Fransen M, McConnell S, Hernandez-Molina G, et al.
Exercise for osteoarthritis of the hip. The Cochrane
Library Syst Rev 2014; 4: 1–45.

4. Fransen M, McConnell S, Harmer AR, et al. Exercise for
osteoarthritis of the knee. The Cochrane Libr Syst Rev
2015; 1: 1–126.

5. Williamson W, Kluzek S, Roberts N, et al. Behavioural
physical activity interventions in participants with lower-
limb osteoarthritis: a systematic review with meta-analysis.
BMJ Open 2015; 5: e007642.

6. Bell E, Wallis J, Goff A, et al. Does land-based
exercise-therapy improve physical activity in people with
knee osteoarthritis? A systematic review with meta-analyses.
Osteoarthritis Cartil 2022; 30: 1420–1433.

7. Hughes SL, Seymour RB, Campbell RT, et al. Long-term
impact of fit and strong! on older adults with osteoarthritis.
Gerontologist 2006; 46: 801–814.

8. Pisters MF, Veenhof C, de Bakker DH, et al. Behavioural
graded activity results in better exercise adherence and
more physical activity than usual care in people with osteo-
arthritis: a cluster-randomised trial. J Physiother 2010; 56:
41–47.

9. Bossen D, Veenhof C, Van Beek KE, et al. Effectiveness of
a web-based physical activity intervention in patients with
knee and/or hip osteoarthritis: randomized controlled trial.
J Med Internet Res 2013; 15: e257.

10. Schlenk EA, Fitzgerald GK, Rogers JC, et al. Promoting
physical activity in older adults with knee osteoarthritis
and hypertension: a randomized controlled trial. J Aging
Phys Act 2020; 1: 1–12.

11. Willett M, Duda J, Fenton S, et al. Effectiveness of behav-
iour change techniques in physiotherapy interventions to
promote physical activity adherence in lower limb osteo-
arthritis patients: a systematic review. PLoS One 2019; 14:
e0219482.

12. Samdal GB, Eide GE, Barth T, et al. Effective behaviour change
techniques for physical activity and healthy eating in overweight
and obese adults; systematic review and meta-regression ana-
lyses. Int J Behav Nutr Phys Act 2017; 14: 1–14.

13. O’Brien N, McDonald S, Araújo-Soares V, et al. The fea-
tures of interventions associated with long-term effective-
ness of physical activity interventions in adults aged 55–
70 years: a systematic review and meta-analysis. Health
Psychol Rev 2015; 9: 417–433.

14. Rausch Osthoff AK, Niedermann K, Braun J, et al. 2018
EULAR recommendations for physical activity in people
with inflammatory arthritis and osteoarthritis. Ann Rheum
Dis 2018; 77: 1251–1260.

15. Holden MA, Metcalf B, Lawford BJ, et al. Recommendations
for the delivery of therapeutic exercise for people with knee

Bendrik et al. 781

https://orcid.org/0000-0001-6708-0787
https://orcid.org/0000-0001-6708-0787
https://orcid.org/0000-0002-0080-5023
https://orcid.org/0000-0002-0080-5023


and/or hip osteoarthritis. An international consensus study from
the OARSI Rehabilitation Discussion Group. Osteoarthritis
Cartil 2023; 31: 386–396.

16. Harris T, Kerry SM, Victor CR, et al. A primary care nurse-
delivered walking intervention in older adults: PACE (ped-
ometer accelerometer consultation evaluation)-lift cluster
randomised controlled trial. PLoS Med 2015; 12: e1001783.

17. Bendrik R, Kallings LV, Bröms K, et al. Physical activity on
prescription in patients with hip or knee osteoarthritis: a rando-
mized controlled trial. Clin Rehabil 2021; 35: 1465–1477.

18. World Health Organization. Global recommendations on
physical activity for health. 2010.

19. Roos EM. Physical activity in the prevention and treatment
of disease (popular version). kapitel 10. Artros. In Physical
activity in the prevention and treatment of disease (popular
version). Västerås: Apoteket AB; 2004:54–59.

20. Michie S, Richardson M, Johnston M, et al. The behavior
change technique taxonomy (v1) of 93 hierarchically clus-
tered techniques: building an international consensus for
the reporting of behavior change interventions. Ann Behav
Med 2013; 46: 81–95.

21. Kallings LV. The Swedish approach on physical activity on
prescription. Clin Health Promot 2016; 6: 31–33.

22. Kellgren JH and Lawrence JS. Radiological assessment of
osteo-arthrosis. Ann Rheum Dis 1957; 16: 494–502.

23. Olsson SJ, Ekblom O, Andersson E, et al. Categorical
answer modes provide superior validity to open answers
when asking for level of physical activity: A cross-sectional
study. Scand J Public Health 2016; 44: 70–76.

24. Johannsen DL, Calabro MA, Stewart J, et al. Accuracy of
armband monitors for measuring daily energy expend-
iture in healthy adults. Med Sci Sports Exerc 2010; 42:
2134–2140.

25. Calabro MA, Lee JM, Saint-Maurice PF, et al. Validity of
physical activity monitors for assessing lower intensity
activity in adults. Int J Behav Nutr Phys Act 2014; 11: 119.

26. Dobson F, Hinman RS, Roos EM, et al. OARSI
Recommended performance-based tests to assess physical
function in people diagnosed with hip or knee osteoarthritis.
Osteoarthritis Cartilage 2013; 21: 1042–1052.

27. Bohannon RW and Crouch R. Minimal clinically important
difference for change in 6-min walk test distance of adults
with pathology: a systematic review. J Eval Clin Pract
2017; 23: 377–381.

28. Wright AA, Cook CE, Baxter GD, et al. A comparison of 3
methodological approaches to defining major clinically

important improvement of 4 performance measures in
patients with hip osteoarthritis. J Orthop Sports Phys Ther
2011; 41: 319–327.

29. Nyberg LA, Hellenius ML, Kowalski J, et al. Repeatability
and validity of a standardised maximal step-up test for leg
function–a diagnostic accuracy study. BMC Musculoskelet
Disord 2011; 12: 191.

30. Nyberg LA, Hellénius M-L, Wändell P, et al. Maximal
step-up height as a simple and relevant health indicator: a
study of leg muscle strength and the associations to age,
anthropometric variables, aerobic fitness and physical func-
tion. Br J Sports Med 2013; 47: 992–997.

31. Klassbo M, Larsson E and Mannevik E. Hip disability and
osteoarthritis outcome score. An extension of the western
Ontario and McMaster universities osteoarthritis Index.
Scand J Rheumatol 2003; 32: 46–51.

32. Roos EM and Lohmander LS. The knee injury and osteoarth-
ritis outcome score (KOOS): from joint injury to osteoarthritis.
Health Qual Life Outcomes 2003; 1: 64.

33. Brown VA. An introduction to linear mixed-effects model-
ing in R. Adv Methods Pract Psychological Sci 2021; 4:
2515245920960351.

34. Skender S, Ose J, Chang-Claude J, et al. Accelerometry and
physical activity questionnaires - a systematic review. BMC
Public Health 2016; 1: 1–10.

35. Oliveira CB, Franco MR, Maher CG, et al. Physical activity
interventions for increasing objectively measured physical
activity levels in patients with chronic musculoskeletal
pain: a systematic review. Arthritis Care Res (Hoboken)
2016; 68: 1832–1842.

36. Marley J, Tully MA, Porter-Armstrong A, et al. The effect-
iveness of interventions aimed at increasing physical activ-
ity in adults with persistent musculoskeletal pain: a
systematic review and meta-analysis. BMC Musculoskelet
Disord 2017; 18: 1–20.

37. Nicolson PJ and Holden MA. Patient preferences and osteoarth-
ritis care: what dowe know about what patients want from osteo-
arthritis treatment? Curr Treatm Opt Rheumatol 2023; 9: 120–
131.

38. Sasaki R, Honda Y, Oga S, et al. Effect of exercise and/or
educational interventions on physical activity and pain in
patients with hip/knee osteoarthritis: a systematic review
with meta-analysis. Plos One 2022; 17: e0275591.

39. EnglundM and Turkiewicz A. Pain in clinical trials for knee
osteoarthritis: estimation of regression to the mean. The
Lancet Rheumatol 2023; 5: e309–e311.

782 Clinical Rehabilitation 38(6)


	 Introduction
	 Method
	 Primary outcomes
	 Secondary outcomes
	 Statistical analyses

	 Results
	 Discussion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


