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ABSTRACT
Background Exercise treatment is recommended for all
patients with hip osteoarthritis (OA), but its effect on the
long-term need for total hip replacement (THR) is
unknown.
Methods We conducted a long-term follow-up of a
randomised trial investigating the efﬁcacy of exercise
therapy and patient education versus patient education
only on the 6-year cumulative survival of the native hip
to THR in 109 patients with symptomatic and
radiographic hip OA. Results regarding the primary
outcome measure of the trial, self-reported pain at
16 months follow-up, have been reported previously.
Results There were no group differences at baseline.
The response rate at follow-up was 94%. 22 patients in
the group receiving both exercise therapy and patient
education and 31 patients in the group receiving patient
education only underwent THR during the follow-up
period, giving a 6-year cumulative survival of the native
hip of 41% and 25%, respectively ( p=0.034). The HR
for survival of the native hip was 0.56 (CI 0.32 to 0.96)
for the exercise therapy group compared with the control
group. Median time to THR was 5.4 and 3.5 years,
respectively. The exercise therapy group had better selfreported hip function prior to THR or end of study, but
no signiﬁcant differences were found for pain and
stiffness.
Conclusions Our ﬁndings in this explanatory study
suggest that exercise therapy in addition to patient
education can reduce the need for THR by 44% in patients
with hip OA. ClinicalTrials.gov number NCT00319423
(original project protocol) and NCT01338532 (additional
protocol for long-term follow-up).
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Physical activity and patient information is recommended for all patients with osteoarthritis (OA) of
the hip and knee as ﬁrst-line treatment. Total joint
replacement surgery is to be considered in cases of
advanced disease with severe pain and functional limitations where other treatment options have failed.1 2
Exercise therapy is found to be beneﬁcial in reducing
pain and improving function in lower limb OA,3–6
but evidence for this is primarily based on studies
including patients with knee OA. In hip OA, exercise
interventions have shown promising results,7–9 but
the need for high-quality clinical trials with sufﬁcient
follow-up time is emphasised.3 4 6 Based on the
general consensus that total joint replacement surgery
is appropriate only in advanced stages of the disease,
joint replacement surgery may be used as an endpoint

to evaluate disease progression.10–14 It is unknown
whether exercise therapy can inﬂuence the progression of OA and thereby reduce the need for total
joint replacement.
The main objective of this study was therefore to
evaluate the long-term effect of exercise therapy in
addition to patient education on the patient’s need
for total hip replacement (THR). Our null hypothesis was that there would be no difference in cumulative survival of the native hip to THR in patients
with hip OA going through exercise therapy and
patient education compared with patient education
only.

METHODS
Study design and patients
This is a long-term follow-up of a randomised, controlled trial evaluating the effect of exercise therapy
and patient education in patients with hip OA.9
Inclusion criteria were age between 40 and
80 years, hip pain for at least 3 months, radiographically veriﬁed minimum joint space according
to Danielsson’s criterion15 (<4 mm for patients
<70 years, <3 mm for patients >70 years) and
Harris Hip Score between 60 and 95 points.16 In
patients with bilateral hip OA, the most painful hip
was deﬁned as the index joint. Night pain and
Harris Hip Score below 60 are used as criteria for
THR at our institution.9 Thus, the patients
included in the study were not candidates for THR
at the time of inclusion, and none of them were on
waiting lists for THR. Exclusion criteria were THR
in the index joint, knee pain or knee OA, low back
pain, rheumatoid arthritis, osteoporosis, cancer,
cardiovascular disease unable to tolerate exercise,
dysfunction in lower extremities due to accident or
disease, pregnancy and not understanding
Norwegian. Patient recruitment and screening for
inclusion has been described previously, together
with the results of the primary outcome measure
for this trial.9

Randomisation and treatment groups
All included patients were given three group sessions of a patient education programme developed
for patients with hip OA.17 Thereafter they were
randomised to either an exercise therapy group or
a control group.9 A computer-generated randomisation list (block length 10, allocation ratio 1:1) was
conducted by a statistician prior to inclusion.
Sequentially numbered, sealed envelopes were used
to assign treatment for patients consecutively by a
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research coordinator not involved in the patient assessment or
interventions. Allocation concealment was maintained until
written informed consent was obtained, and baseline assessments and patient education sessions were completed. The randomisation sequence was concealed from the study
collaborators until treatment was assigned. The exercise therapy
programme was speciﬁcally designed for patients with hip OA18
and consisted of strengthening, ﬂexibility and functional exercises. Patients in the exercise therapy group performed the exercise programme two to three times per week for 12 weeks,
supervised by a physical therapist at least once weekly.
Compliance was based on training diaries ﬁlled in weekly by the
patients in the exercise therapy group during the 12-week intervention period. Attending at least 20 of a total of 24 sessions
was deﬁned as satisfactory adherence. Patients in the control
group attended a 2-month follow-up visit at the physiotherapy
clinic as part of the patient education programme. They did not
have access to the exercise therapy programme during the intervention period.

Outcome measures and follow-up
Characteristics of the patients’ included age, gender, height,
weight, work status, education level, unilateral or bilateral hip
pain, pain duration, minimum joint space and Harris Hip Score.
The main outcome measure for this long-term follow-up was
survival of the native hip to THR in the index joint. At inclusion all
patients were instructed to report if and when they went through
THR surgery during the project period. Additionally, data on THR
were recorded at follow-ups 4, 10, 16 and 29 months after inclusion and by contacting all patients by telephone in April and May
2011 (ﬁgure 1). The outcome assessor was blinded to group allocation. The mean time from inclusion till the end of study at 15 May
2011 was 4.8 years, ranging from 3.6 to 6.1 years.
The Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC)19 and the Physical Activity
Scale for the Elderly (PASE)20 were ﬁlled in at baseline and at
the 4-, 10-, 16- and 29-month follow-up. In this long-term
follow-up study, WOMAC was used to assess symptoms and
functional limitations prior to THR surgery or end of study.
PASE is a brief, self-administered, 7-day recall questionnaire to
assess physical activity in older adults. The Norwegian version
was used, which consisted of 24 questions giving a total score
ranging from 0 to 315.21 Data on training sessions per week
were collected at baseline and at 4 months, data on engagement
in strength training and ﬂexibility training were collected at 16
and 29 months, and data on physical therapy treatment were
collected at 10, 16 and 29 months.

Statistical analysis
Patients were followed until time of THR in the index joint or
until death, drop-out or end of study. A Kaplan–Meier survival
analysis was constructed to evaluate cumulative 6-year survival,
and group difference was tested by the log rank test. THR in the
index joint was deﬁned as event, while patients who were lost to
follow-up, were dead or were followed until the end of study
were treated as censored in the analysis. Time to THR is reported
as median and 95% CI. A Cox proportional hazard model was
used to calculate HR and 95% CI between groups. No adjusted
analysis was conducted due to equality of groups at baseline.
Baseline comparisons were performed with Student t tests and χ2
tests. A linear mixed model (variance component model), with
time and the interaction of time and group as ﬁxed effects and
time as random effect intercept and slope, was used to compare
WOMAC scores between the exercise therapy group and the

control group over the 29-month follow-up period. A linear
mixed model was also applied to compare WOMAC scores prior
to THR surgery or end of study between patients who went
through THR and patients who did not. The analyses were based
on the intention to treat principle. For the outcome measures of
physical activity and exercise, mean (SD) or number was calculated, and a linear mixed model was used to compare PASE
scores between the exercise therapy group and the control group.
p Values below 0.05 were considered statistically signiﬁcant.
Analyses were performed by IBM SPSS Statistics, V.19.0 (IBM
Corp., Somers, New York, USA).

RESULTS
Characteristics of the patients
Two hundred and twenty patients were screened for eligibility
between April 2005 and October 2007. One hundred and nine
patients were included in the trial and randomised to the exercise therapy group or the control group (ﬁgure 1). Baseline data
were similar in the two intervention groups (table 1). The
patients completed a median of 20 (IQR 16–24) exercise sessions over the 12-week period, with 53% completing ≥20 exercise sessions. One patient discontinued exercise after three
sessions due to increasing hip pain. No other adverse events
were registered.
Data on whether THR had been performed were obtained
from 102 patients. One patient died and was treated as censored
at the time of death. The remaining six patients were treated as
censored at the time of last follow-up or contact during the
follow-up period. Patients who were censored before the end of
study did not differ at baseline from those attending the longterm follow-up.
A total of 41 patients in the exercise therapy group and 30
patients in the control group completed WOMAC at the
29-month follow-up (ﬁgure 1). Also, 27 patients had gone
through THR prior to the 29-month follow-up and 11 patients
were lost to follow-up at the 29-month follow-up.

THRs and cumulative survival of native hip
A total of –22 patients in the exercise therapy group and 31
patients in the control group went through THR within the 3.6–
6.1 years follow-up period. Estimated median time to THR was
5.4 (CI 4.5 to 6.2) years in the exercise therapy group and 3.5 (CI
2.3 to 4.6) years in the control group. The Kaplan–Maier analysis
showed that the cumulative 6-year survival of the native hip to
THR was 0.41 in the exercise therapy group compared with 0.25
in the control group ( p=0.034) (ﬁgure 2). Cox proportional
hazard analysis showed that participating in both exercise therapy
and patient education had a protective effect against THR compared with patient education only (HR=0.56, CI 0.32 to 0.96,
p=0.036). Thirty-ﬁve per cent of the patients went through THR
surgery at the Oslo University Hospital, and the remaining 65%
went through surgery at 1 of 11 other hospitals in the southern
parts of Norway. None of the non-operated patients reported to
be on waiting list for THR at the end of study.

Self-reported pain, stiffness and function
Over the 29-month WOMAC follow-up period, the exercise
therapy group had signiﬁcantly better WOMAC physical function scores compared with the control group ( p=0.004), but
the between-group differences in the WOMAC pain ( p=0.083)
and WOMAC stiffness (p=0.112) scores did not reach statistical
signiﬁcance (table 2).
Mean minimum joint space at baseline was 1.5±0.9 mm in
patients who went through THR compared with 2.5±1.0 mm
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Figure 1 Enrolment, randomisation and follow-up of patients.

in the patients who did not ( p<0.01). At baseline there were no
signiﬁcant differences between patients who went through THR
and patients who did not in neither WOMAC pain ( p=0.967),
WOMAC stiffness ( p=0.333) nor WOMAC physical function
( p=0.092). The 53 patients who underwent THR before the
end of study had worse preoperative score in all WOMAC subscales over the 29-month WOMAC follow-up period compared
166

with the patients who did not go through THR or were censored at the end of study ( p<0.01) (table 2).

Self-reported physical activity and exercise
The number of self-reported exercise sessions per week was
similar in the two groups. At the 16-month follow-up, 75
patients replied to the questions on exercise and physical
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Table 1 Baseline characteristics of the study patients*

Age (years)
Female sex, no. (%)
Body mass index (kg/m2)
Minimum joint space in target
joint† (mm)
Pain duration (months)
Harris Hip Score‡
Bilateral radiographic hip OA,
no. (%)
THR in contralateral hip at
inclusion, no. (%)
Hereditary OA/known OA in
family, no. (%)
>12 years of education, no. (%)
Work status
Employed, no. (%)
Sick leave, no. (%)
Retired, no. (%)
WOMAC score§
Pain subscale
Stiffness subscale
Physical function subscale

Exercise therapy
group (n=55)

Control group
(n=54)

58.4±10.0
31 (56.4)
24.6±3.2
2.1±1.0

57.2±9.8
28 (51.9)
24.9±3.8
1.9±1.1

47.3±53.3
79.6±7.7
38 (69.1)

49.5±50.9
76.9±8.2
38 (70.3)

4 (7.3)

2 (3.7)

17 (33.3)

21 (38.9)

43 (78.2)

35 (67.3)

35 (63.6)
8 (14.5)
12 (21.8)

36 (66.7)
5 (9.3)
9 (16.7)

26.0±16.1
34.8±23.7
21.1±15.3

27.3±17.9
34.3±20.5
23.6±15.7

*Plus-minus values are mean±SD. The body mass index is the weight in kilograms
divided by the square of the height in metres.
†The minimum joint space in the hip joint was assessed according to Danielsson’s
criterion.15 For patients older than 70 years, a minimum joint space below 3 mm was
characterised as radiographic hip OA. For patients younger than 70 years, a minimum
joint space below 4 mm was characterised as radiographic hip OA.
‡The Harris Hip Score is a clinician-administered tool to evaluate hip pain, hip
function and hip range of motion.16 An overall score is calculated ranging from 0 to
100, with a lower score indicating more severe disease.
§The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
comprise three subscales (pain, stiffness and physical function) composed of 24
questions. Scores range from 0 to 100, with a higher score indicating more severe
disease.19
OA, osteoarthritis; THR, total hip replacement.

therapy, and at the 29-month follow-up 70 patients replied
(table 3). There was no signiﬁcant difference in PASE scores
between the exercise therapy group and the control group over
the 29-month follow-up period ( p=0.397).

DISCUSSION
Participating in both exercise therapy and patient education
resulted in signiﬁcantly higher 6-year cumulative survival of the
native hip to THR compared with patient education only. Thus,
the null hypothesis was rejected. The cumulative survival of the
native hip was higher in the exercise therapy group from 1 year
and throughout the follow-up period.
This is the ﬁrst study to evaluate whether exercise therapy
affects the need for THR in patients with isolated hip OA. One
previous study has used total joint replacement as an outcome
to compare the effect of individually tailored exercises and
usual care in knee and/or hip OA.22 They found that 20%
underwent THR in the individually tailored exercise therapy
group compared with 45% in the usual care group for those
with hip OA. The probability for THR within 5 years was 2.87
(95% CI 1.1 to 7.3) times higher in the usual care group.22 In
our study, 40% in the exercise therapy group and 57% in the
control group underwent THR, with the control group having
1.80 times higher probability of THR. The somewhat smaller
protective effect of exercise in our study may be due to the
patients having both symptomatic and radiographic hip OA.

Figure 2 Kaplan–Meier survival estimates over the 6-year follow-up
period. The black line represents the exercise therapy group, and the
grey line represents the control group. Censored data are marked at
each line. The number of patients at risk is given for each year for each
group.
Pisters et al22 based inclusion on the clinical criteria of the
American College of Rheumatology alone, which does not
include radiographic evidence of OA.
Previous studies have reported that 24–53% of patients with
symptomatic and radiographic hip OA undergo THR during
follow-up ranging from 14 months to 10 years.15 23 24 THR
rates have increased steadily during the past four decades,25
which in turn has enlarged healthcare costs substantially.26 Our
ﬁnding, that exercise therapy enhances the survival of the native
hip to THR, is therefore important for healthcare consumption
and for patients who may avoid surgery and its potential complications. Some studies have recommended and used total joint
replacement as a hard endpoint in OA,10 27–29 but it is debatable
whether it can be interpreted as an expression for OA progression. Attempts are requested26 and have been made,30 but still
no clearly deﬁned criteria for THR exist. Worse self-reported
pain and functional limitations are associated with a higher
THR rate,31 but cannot be used to discriminate between
patients who are or are not in need of a THR as clinical severity
varies widely.30 32 In our study, the patients who went through
THR had poorer scores in the WOMAC subscales for pain, stiffness and physical function prior to THR compared with the
patients who did not undergo THR. This supports the assumption that the patients who undergo THR surgery have more
severe symptoms and functional limitations. Also, the patients
who went through THR had smaller minimum joint space at
baseline. Abadie et al13 stated that THR is probably the most
relevant clinical endpoint for evaluating effect of diseasemodifying treatment, but it is potentially biased by
non-disease-related factors such as economic factors, availability
and geographical differences, comorbidities and contraindications for surgery, and willingness to undergo surgery.12 13
However, in a randomised design study, equal distribution of
potential confounding factors is assumed.
Other studies have found beneﬁcial short-term effects of exercise therapy.7 8 No signiﬁcant difference in self-reported pain
was demonstrated in the 16-month follow-up of our trial, but
the patients in the exercise therapy group had better selfreported physical function compared with the control group.9
This was supported by the ﬁndings in our study, with the exercise therapy group demonstrating better results in WOMAC
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Table 2 Difference in self-reported pain, stiffness and function at baseline and at the 4-, 10-, 16- and 29-month follow-up between the
exercise therapy group and the control group, and between the patients who went through THR surgery and the patients who did not*
Baseline

4 months

10 months

Mean difference (95% CI) between the exercise therapy group and the control group
WOMAC†
Pain
−1.3 (−8.0 to 5.3)
−4.7 (−11.4 to 1.9)
Stiffness
0.5 (−8.0 to 9.1)
−3.5 (−12.0 to 5.0)
Physical function
−2.5 (−8.7 to 3.7)
−4.6 (−10.7 to 1.6)
Mean difference (95% CI) between the patients who underwent THR‡ (n=53) and the
WOMAC†
Pain
0.1 (−6.4 to 6.7)
5.6 (−0.9 to 12.1)
Stiffness
4.1 (−4.3 to 12.5)
9.5 (1.1 to 17.8)
Physical function
5.0 (−0.9 to 11.0)
8.9 (2.9 to 14.8)

−6.6 (−13.9 to 0.8)
−6.3 (−15.8 to 3.2)
−8.4 (−15.2 to −1.6)
patients who did not (n=56)
11.9 (4.7 to 19.1)
10.6 (1.3 to 19.9)
11.9 (5.3 to 18.4)

16 months

29 months

−6.5 (−14.3 to 1.3)
−12.5 (−22.5 to −2.5)
−9.2 (−16.5 to −1.9)

−5.9 (−14.2 to 2.4)
−3.9 (−14.6 to 6.7)
−6.4 (−14.1 to −1.3)

9.3 (1.5 to 17.1)
15.2 (5.2 to 25.2)
13.3 (6.2 to 20.4)

13.2 (4.6 to 21.8)
12.7 (1.7 to 23.8)
15.1 (7.3 to 23.0)

*Plus-minus values are mean±SD.
†The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) comprise three subscales (pain, stiffness and physical function) composed of 24 questions. Scores range
from 0 to 100, with a higher score indicating more severe disease.19
‡Results for patients who went through THR are preoperative results up until time of surgery.
THR, total hip replacement.

physical function compared with the control group over the
complete 29-month follow-up period ( p=0.004), The differences in WOMAC pain ( p=0.083) and WOMAC stiffness
( p=0.112) did not reach statistical signiﬁcance. This may indicate that the lower rate and longer time to THR in the exercise
therapy group are due to better hip function, with or without
the presence of pain. Ten patients in the exercise therapy group
and 17 patients in the control group had gone through THR
surgery prior to the 29-month follow-up, and it is not unlikely
that this uneven distribution of performed THRs has biased the
WOMAC results, giving an underestimation of the treatment
effect of exercise therapy. Pisters et al22 found no long-term differences in pain and function when comparing individually tailored exercises and usual care, but suggested that patients who
underwent THR may have biased the results. Fifty-three per
cent of the patients in the exercise therapy group completed
≥20 exercise sessions and were thus regarded as compliant.
Data on continuation of the exercise therapy programme after
the 12-week intervention period were not obtained, and this
must be regarded as a limitation of the study. However, the data
on physical activity, exercise and physical therapy treatment
suggest that no major between-group differences were present.
Self-reported outcome measures lack validity for measuring

physical activity and exercise due to recall bias and overestimation of time, frequency and intensity,33 and these data should
therefore be interpreted with caution. Better adherence to exercises has been shown to improve long-term results,34 and higher
leisure time physical activity may have a protective effect against
THR.35
Our study had some limitations. The criteria for when THR
surgery was indicated were not speciﬁed prior to the start of the
study. The criteria used for THR at our institution (night pain and
Harris Hip Score below 60 points) are not necessarily used at other
hospitals, and the symptom state may differ at time of surgery.
Preoperative assessment was not conducted, but pain and physical
function were assessed with a mean time of 0.7±0.8 years prior to
THR. Calculation of statistical power for this study was not based
on survival of the native hip to THR, but rather the WOMAC pain
subscale, which was the primary outcome measure of this trial.9
Some caution should be taken when interpreting these results.
Our ﬁndings are applicable for patients with symptomatic and
radiographic hip OA, with mild to moderate symptoms. Patients
with severe symptoms and patients with knee or back pain were
excluded. Patients recruited to non-surgical treatment trials may
have a stronger desire to avoid surgery compared with the
general OA population.12 It is debatable whether postponing

Table 3 Self-reported physical activity in the exercise therapy group and the control group at baseline and at the 4-, 10-, 16- and 29-month
follow-up*

Exercise therapy group
PASE score†
Exercise sessions per week
Engaged in strength training—no
Engaged in flexibility training—no
Physical therapy treatment—no
Control group
PASE score†
Exercise sessions per week
Engaged in strength training—no
Engaged in flexibility training—no
Physical therapy treatment—no

Baseline

4 months

10 months

16 months

29 months

114±43.5
3.2±2.0

115±52.9
3.7±1.9

118±48.6

123±50.7

120±46.8

14

22
29
16

21
27
14

126±57.3

133±57.3

139±59.2

18

24
25
13

18
22
20

123±50.6
3.2±2.1

121±45.4
3.7±2.0

*Plus-minus values are mean±SD.
†The Physical Activity Scale for the Elderly (PASE) consists of 24 questions on physical activity and the total score expresses the overall physical activity level. Scores range from 0 to
315, with 0 indicating complete inactivity and 315 indicating extremely high level of activity.20 21
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surgery is beneﬁcial for the patients in the long term.36 37 We
argue that for patients with tolerable pain who are able to maintain their desired activity level and who are relatively young
postponing surgery is appropriate and may reduce the future
need for THR or repetitive THR revision surgery.

CONCLUSIONS
Our ﬁndings in this explanatory study show that participating in
a 12-week exercise therapy programme in addition to patient
education can reduce the need for THR or postpone surgery in
patients with hip OA. This supports the recommendations
stating that exercise therapy should be offered to patients with
hip OA as ﬁrst-line treatment.
Correction notice This article has been corrected since it was published Online
First. The afﬁliation of the last author has been corrected.
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