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SUMMARY
Background: Roughly one in ten persons in the industrialized world suffers 
from hip osteoarthritis, a disease for which there is no cure. The goal of conser-
vative therapy is to relieve symptoms, preferably with methods that let patients 
assume responsibility for their own treatment, e.g., physical training. 

Methods: In a randomized controlled trial, we studied the effectiveness of 
twelve weeks of exercise therapy in patients with hip osteoarthritis (THüKo), 
compared to no treatment (control group) and placebo ultrasound treatment of 
the hip (placebo ultrasound group). The primary endpoint was a comparison of 
the pain scores of the intervention versus control groups on the generic SF-36 
health questionnaire. Secondary endpoints included comparisons across all 
three study groups of scores on the 7 other scales of the SF-36 and on the 
pain, physical function, and stiffness scales of the osteoarthritis-specific 
WOMAC Index. The statistical analysis was performed with  ANCOVA, with base-
line values as a covariate. Between-group effects were subsequently tested 
pairwise (two-tailed t-tests, alpha = 0.05). 

Results: As for the primary endpoint, pain reduction was significantly greater in 
the intervention than in the control group (mean difference 5.7 points, 95% 
confidence interval [CI] 0.4–11.1 points, p = 0.034). The comparisons across all 
three study groups (i.e., secondary endpoints, with 71 subjects in the interven-
tion group, 68 in the control group, and 70 in the placebo group) revealed no 
significant between-group effects with respect to the SF-36. On the WOMAC 
Index, however, statistically significant differences were found for pain reduc-
tion between the intervention and control group (mean difference 7.4 points, 
95% CI 3.0–11.8, p = 0.001) and between the intervention and placebo group 
(mean difference 5.1 points, 95% CI 0.7–9.4, p = 0.024). Comparable mean 
 differences were also found for functional improvement.

Conclusion: Twelve weeks of exercise therapy in hip osteoarthritis patients of 
normal vitality reduced pain and improved physical function. No significant 
 improvement was found in these patients’ general health-related quality of life. 

►Cite this as: 
Krauss I, Steinhilber B, Haupt G, Miller R, Martus P, Janssen P:  
Exercise therapy in hip osteoarthritis—a randomized controlled trial.  
Dtsch Arztebl Int 2014; 111: 592–9.  DOI: 10.3238/arztebl.2014.0592

O steoarthritis of the hip is a progressive, degener-
ative disorder that affects the musculoskeletal 

system in adults; its estimated prevalence is 11% (1). 
The early stages are characterized by pain after intense 
joint loading; the later stages feature “start-up” pain in 
the morning and, later still, symptoms during periods of 
rest and at nighttime. Relieving postures result in a 
 decrease in joint mobility, pathological load distribu-
tions, and evasive movements (2). The resulting restric-
tions on everyday activities and participation in social 
life are accompanied by a reduction in health-related 
quality of life (1, 3).

To date, hip osteoarthritis remains incurable (4). At 
an advanced stage of the disease, surgical intervention 
is often required in view of the increasingly high degree 
of suffering experienced by patients (5, 6). Up to that 
point, however, the conservative therapeutic measures 
for symptomatic treatment of hip osteoarthritis should 
be exhaustively utilized. Therapy furthermore aims to 
restrict the progress of the disease and the degeneration 
of the joint, as well as to educate patients about hip 
 osteoarthritis and how to deal with it (6, 7). 

Conservative therapy entails a combination of 
 pharmacological and non-pharmacological forms of 
treatment. Measures that can be conducted by the pa-
tients themselves, for which they take responsibility, 
should be given priority (6). These measures include 
physical exercise, whose possible mechanisms of 
 action are thought to be an improvement to the mechan-
ical environment of the hip joint and an accompanying 
reduction in the stress put on the joint (8). Further to 
strengthening the muscles and improving joint mobil-
ity, physical exercise also improves proprioception (9). 
In patients with knee osteoarthritis this has been proven 
to lead to pain reduction and functional improvements 
(10).

However, the assumption has to be that the thera-
peutic effects do not affect every arthritically changed 
joint in the same way. A separate proof of efficacy of 
exercise-based interventions in patients with hip joint 
disorders by means of studies with adequate sample 
sizes has been explicitly called for (11, 12). This proof 
of efficacy was provided only this year (2014) in an 
 updated meta-analysis (8), which also found that exer-
cise therapy in hip osteoarthritis was effective in terms 
of pain relief and functional improvement. However, 
the study did not identify any positive effect on general 
health-related quality of life.
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FIGURE

Included and excluded patients during the course of the study
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therapy, class-based therapy, …; n=81)
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– Interested only in exercise therapy or functional diagnostic 

 evaluation (n=7)
– No impaired mobility or pain (n=34)
– No reason/other reasons (n=17)

Not suitable for inclusion in the study (n=85)
– ACR criteria not met (n=38)
– Cancellation/no show (n=18)
– Orthopedic/internal medical exclusion criteria (n=19)
– Lack of compliance for a randomized study (n=10)

Exclusion between initial diagnosis at study entry and t0 (n=6)
– Surgery/severe hip problems (n=3)
– Course of injections started (n=1)
– Injured before t0 (n=1)
– Already doing hip exercises (n=1)

Entry examination (baseline)
– SF-36: generic questionnaire to measure subjects’ general health-related quality of life
– WOMAC score (The Western Ontario and McMaster Universities Arthritis Index):  

arthritis-specific score to measure pain, physical functioning, and stiffness

Follow-up examination after the end of the intervention (final measurements)
– SF-36
– WOMAC score
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Telephone recruitment interview
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– Diagnosis of hip osteoarthritis according to the clinical criteria of the American College 

of Rheumatology (ACR criteria)
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approach (THüKo) 

n=71 (29 female/42 male)
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A more differentiated look at the studies included in 
the meta-analysis, with 549 subjects, shows that only 
five of the total of 10 studies recruited explicitly pa-
tients with hip osteoarthritis and that only two studies 
had minimum case numbers of 50 subjects or more per 
study arm. The studies investigated different interven-
tion programs that differed substantially in terms of 
 application frequency, content, dosage, duration, time 
period, and treatment frequency. The pooled standard-
ized mean differences (SMD) for pain reduction and 
functional improvement were SMD = 0.38 (8). This 
value is comparable to the placebo effect of 0.36 that 
has been described for hip osteoarthritis (13). In addi-
tion to the proof of efficacy of hip-specific exercise 
therapy in hip osteoarthritis in general, the evaluation 
of different programs and dose–response relations in 
studies with sufficiently large sample sizes that include 
a placebo intervention is crucially needed.

The present study aimed to evaluate the effective-
ness of a standardized, hip-specific exercise interven-
tion in patients with hip osteoarthritis compared with an 
untreated control group and a placebo intervention.

Methods
Study design and study arms
In order to answer the research question we conducted 
a prospective randomized controlled trial (evidence 
level 1B). A 12-week exercise therapy intervention 

(Tübinger Hüftkonzept THüKo, the Tübingen exercise 
therapy approach) was compared with one control 
group receiving no intervention (control group) and one 
group that received once-weekly, 15-minute placebo 
ultrasound treatment of the hips (placebo ultrasound 
group). An additional intervention group received 
 active ultrasound treatment. The placebo and active 
ultrasound groups were single-blinded for participants. 
Ultrasound was given to only a partial cohort, with a 
randomization ratio of 1:10 compared with the respec -
tive other groups.

The THüKo exercise therapy approach entails a 
once-weekly group intervention (60–90 minutes) in ad-
dition to a twice-weekly home exercise program 
(30–40 minutes each) (14). The therapeutic program 
entailed education and social interaction, as well as 
 exercises to strengthen the muscles and to improve pro-
prioception, balance and flexibility. Training and pain 
were documented. The study protocol includes a 
 detailed description of the therapeutic methods, as does 
the book on the THüKo exercise therapy approach (14, 
15).

Patients were recruited via sports orthopedics 
 outpatient clinics and via the press. Recruitment and 
randomization were done in four sequential blocks. On 
the basis of a telephone interview assessing eligibility, 
suitable patients were invited for an orthopedic examin-
ation. Their final inclusion in the study was decided on 

TABLE 1

Baseline values at t0; mean values (standard deviations) reported 

*1 100 points in SF-36 = best possible quality of life
*2 100 points in WOMAC = maximum impairment
*3 P value refers to the between-group effects of the baseline values per column
BMI, body mass index

Control group

Placebo ultrasound 
group

Exercise therapy 
(THüKo)

Total

P value*3

German normative 
 population sample
(51–60 years)

German normative 
 population sample  
(61–70 years)

General

68

70

71

218

27.5 
(3.2)

27.2 
(4.3)

26.9 
(3.7)

27.1 
(3.8)

0.63

60 
(9)

58 
(10)

58 
(10)

59 
(10)

0.34

SF-36 (0–100)*1

57 
(18)

53 
(18)

57 
(19)

56 
(18)

0.36

73 
(27)

71 
(27)

65 
(20)

62 
(20)

66 
(20)

64 
(20)

0.41

84 
(20)

76 
(23)

74 
(33)

72 
(35)

79 
(34)

76 
(34)

0.46

81 
(32)

73 
(35)

68 
(14)

63 
(17)

65 
(16)

65 
(16)

0.16

61 
(19)

59 
(18)

63 
(17)

62 
(16)

64 
(17)

63 
(17)

0.65

61 
(17)

61 
(18)

87 
(18)

87 
(20)

91 
(14)

88 
(18)

0.35

87 
(18)

87 
(18)

93 
(20)

87 
(29)

91 
(24)

90 
(24)

0.38

89 
(27)

89 
(26)

80 
(13)

78 
(13)

80 
(13)

79 
(13)

0.72

72 
(16)

76 
(17)

WOMAC (0–100)*2

27 
(15)

29 
(16)

27 
(18)

28 
(16)

0.55

28 
(17)

29 
(17)

28 
(17)

28 
(17)

0.90

38 
(22)

38 
(22)

32 
(20)

36 
(21)

0.24
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the basis of unilateral or bilateral hip osteoarthritis, 
 according to the criteria of the American College of 
Rheumatology (16). Subjects were also included in the 
study if they had unilateral hip osteoarthritis and a hip 
endoprosthesis in the contralateral joint. The eBox lists 
further inclusion and exclusion criteria. 

Included subjects were invited to attend an introduc-
tory examination (t0), during which the baseline 
measurements of the target variables were documented 
for the first time and participants were randomized to 
one of the four study arms. Randomization was done 
stratified by sex. Allocation concealment was guaran-
teed by using a sealed opaque envelope that neither the 
investigators nor the participants were able to view. The 
subsequent intervention period was 12 weeks, the 
 target variables were documented again on the second 
measurement day (t1), shortly after the end of the inter-
vention period (Figure).

A detailed description of the study protocol has been 
published (15). The study was registered with the 
 German Clinical Trials Register (DRKS, Deutsches 
Register für Klinische Studien), No DRKS00000651. 
University Hospital Tubingen’s ethics committee 
 approved the study. 

Target variables and sample size calculation
The primary endpoint of the study is the comparison of 
the Bodily Pain subscale of the SF-36 between the 
 control group and the group that received the THüKo 
intervention. According to the study protocol, n = 70 
subjects were needed for each study arm, taking into 
account a dropout rate of n = 10 per study arm, in order 
to prove the superiority of the THüKo concept over no 
therapy, for the time period from t0 to t1 (power = 0.8, 
alpha = 0.05). The comparison of the placebo ultra-
sound group with the THüKo and control group was 

TABLE 2

SF-36 subscale Bodily Pain; analyzed by intention to treat; primary end point in pairwise comparison THüKo versus control group; 
complementary analysis of variance with THüKo, placebo ultrasound group and control group; ŋ2 =  adjusted effect estimate of model

THüKo: exercise therapy, CI: confidence interval
*1Mean (standard deviation), unless described otherwise
*2One subject (THüKo) was excluded because of an extreme score (flu in the week preceding t0: t0 = 10 and t1 = 100).
*3Differences between t0 and t1 without baseline adjustment
*4Analysis of covariance: final scores adjusted to baseline scores. Reported as means and standard errors.
*5P value of the primary analysis

SF-36 Bodily Pain: 

Baseline scores

Final scores

Change scores 
t1–t0*3

ANCOVA*4

P value 
ANCOVA

p = 0.061

Control 
group

(n = 68) 

56.6 
(17.5)

56.4 
(19.5)

–0.1 
(17.3)

56.0 
(1.9)*3

Placebo 
 ultrasound 

group
(n = 70) 

 *1

53.1 
(18.2)

54.7 
(19.0)

1.6 
(15.9)

56.5 
(1.9)*3

THüKo 
(n = 70)

 
 *1 *2

57.9 
(18.4)

63.1 
(20.1)

5.2 
(17.6)

61.8 
(1.9) *3

ŋ *2

0.37

Mean difference 
ThüKo vs control 

group 
(95-%-CI) 

5.7 
(0.4–11.1)

P value

p = 0.034*5

Mean difference 
THüKo vs placebo 
 ultrasound group

(95-%-CI) 

5.3 
(-0.1–10.6)

P value

p = 0.049

TABLE 3

SF-36 subscales: changes in scores between t0 and t1; mean (standard deviation) | median, rounded to whole numbers

 *1NPar: Analysis of non-adjusted changed scores between t0 and t1 by Kruskal-Wallis test 
*2Analysis of covariance: final scores adjusted to baseline scores

Control group

Placebo ultrasound group

Exercise therapy (THüKo)

P value NPar*1 
P value ANCOVA*2

Physical 
Functioning

2 (18) | 0

1 (12) | 0

2 (14) | 0

0.83 
0.72

Role- 
Physical

3 (33) | 0

6 (27) | 0

2 (35) | 0

0.72 
0.94

General 
 Health 

0 (16) | 0

2 (15) | 0

3 (14) | 0

0.47 
0.66

Vitality

0 (12) | 0

1 (15) | 0

–1 (15) | 0

0.50 
0.76

Social  
 Functioning

–2 (15) | 0

–1 (16) | 0

–2 (13) | 0

0.80 
0.86

Role- 
Emotional

2 (14) | 0

0 (26) | 0

1 (27) | 0

0.91 
0.45

Mental Health

–2 (10) | 0

0 (12) | 0

–1 (11) | 0

0.29 
0.78
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populations as well as comparisons with a German 
 normative population sample. 

The WOMAC index was another secondary end 
point under study. This index considers three subscales 
that relate to the symptoms of patients with osteo -
arthritis of the knee and/or hip. Five items relating to 
pain are measured, and, additionally, 17 items relating 
to physical functioning and two items about joint 
 stiffness.

The questionnaires were completed by the study par-
ticipants themselves. All data were entered twice into a 
database and subsequently checked for consistency. 
Missing values, re-coding, and transformation of the 
values were done in accordance with the questionnaire 
manual’s provisions (17, 18). WOMAC and SF-36 
were transformed to a 0–100 scale. In WOMAC, higher 

not part of our primary research question; instead they 
were the subject of secondary analyses (15). For the 
ultrasound group, which had an exploratory design, the 
target case number was n = 7. The complementary sec-
ondary target variables of the SF-36 are the comparison 
of the subscales of all study arms with regard to  
● Physical Functioning;
● Role-Physical;
● Role-Emotional;
● Social Functioning;
● Vitality;
● General Health;
● Mental Health. 
The SF-36 is a generic instrument for the purposes of 

measuring health-related quality of life, which allows 
comparisons with intervention studies and with other 

TABLE 4

WOMAC index; analysis by intention to treat; analysis of variance with THüKo, placebo ultrasound group, and control group; η2= adjusted effect 
estimate of model used

THüKo: exercise therapy, CI: confidence interval; 
*1Mean (standard deviation), unless described otherwise 
*2Differences between t0 und t1 without baseline adjustment
*3Analysis of covariance: final scores adjusted to baseline scores; reported as means and standard errors
*4Positive mean differences illustrate greater positive changes for THüKo compared with the control group
*5Positive mean differences illustrate greater positive changes for THüKo compared with the placebo ultrasound group

Subscale Pain

Baseline scores

Final scores

Change scores  
t1–t0*2

ANCOVA*3

Subscale  physical function

Baseline scores

Final scores

Change scores  
t1–t0*2

ANCOVA *3

Subscale stiffness

Baseline scores

Final scores

Change scores  
t1–t0*2

ANCOVA *3

P value 
ANCOVA

p = 0.004

p = 0.002

p = 0.204

Control 
group 

(n = 68) *1

28.3 
(16.9)

27.0 
(18.4)

–1.3 
(15.3)

26.9 
(1.6)

26.7 
(15.5)

24.7 
(15.8)

–2.1 
(12.9)

25.1 
(1.4)

37.8 
(21.9)

30.1 
(20.8)

–7.7 
(17.5)

29.0 
(1.9)

Placebo 
 ultrasound 

group  
 (n = 70) *1

28.8 
(17.2)

25.0 
(16.2)

–3.9 
(14.3)

24.6 
(1.6)

29.3 
(16.5)

25.3 
(15.8)

–3.9 
(12.4)

24.2 
(1.4)

37.6 
(21.7)

30.9 
(20.0)

–6.6 
(17.0)

30.0 
(1.9)

THüKo 
(n = 71)*1

27.5 
(16.7)

19.1 
(16.5)

–8.5 
(13.9)

19.5 
(1.6)

26.5 
(17.5)

18.1 
(16.1)

–8.4 
(13.4)

18.7 
(1.4)

32.4 
(20.2)

23.4 
(19.3)

–9.0 
(20.2)

25.4 
(1.9)

ŋ2

0.42

0.48

0.38

Mean difference 
control group vs 

ThüKo*4  
(95-%-CI) 

7.4 
(3.0–11.8)

6.4 
(2.5–10.3)

3.6 
(-1.8–9.0)

P value

p = 0.001

p = 0.001

p = 0.186

Mean difference  
placebo ultrasound 
group vsTHüKo*5

(95-%-CI) 

5.1 
(0.7–9.4)

5.5 
(1.6–9.3)

4.9 
(-0.7–9.9)

P value

p = 0.024

p = 0.006

p = 0.090
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values represent a higher degree of impairment, 
 whereas in the SF-36, higher values are associated with 
a better general health-related quality of life.

Statistical analysis
We assessed the distributions on the basis of the 
 histograms and their skewness and kurtosis (19). At 
the  suggestion of a reviewer, and taking into account 
the recommendations for the analysis of randomized 
controlled trials (20), we did not follow the study 
protocol's requirement for a simple analysis of 
 variance (ANOVA) (15) but conducted an analysis of 
covariance in order to review the target criteria. To 
this end, the final measurements (t1) of the target 
variables were  adjusted to their respective baseline 
measurements (t0). Interaction terms from baseline 
values and study arms did not reach significance and 
were not included in the model. Because of the 
 definition of the primary analysis (comparison of 
THüKo with control group), the confirmatory test, 
in the strict sense of the word, was restricted to this 
particular comparison. 

The secondary analysis focused on the between-
group effects (analysis of covariance) and pair-wise 
comparisons of the remaining study groups (two-sided, 
alpha = 0.05). For the subscales of the SF-36 a non 
parametric test (Kruskal Wallis test) was used in 
 addition to ANCOVA to account for violations of the 
normal distribution assumption. The data evaluation 
was done by intention-to-treat analysis with the last ob-
servation carried forward (21). For reasons of clarity 
and comprehensibility we did not explain nor analyze 
the results from the ultrasound group (n = 8).

Results
Out of 607 interested parties, 225 patients with hip os-
teoarthritis were included in our study. All patients 
gave their written consent to participating. 43 subjects 
had bilateral symptoms. At study entry, 16 persons al-
ready had a hip endoprosthesis in the contralateral side, 
and one person had a knee endoprosthesis. 218 patients 
took part in the baseline examinations. The figure 
shows the allocation of the subjects to the study arms 
and the numbers of participants across the different 
time points of the study. The first study participant was 
recruited in September 2010. The last follow-up exam-
ination after the 12-week intervention period was done 
in April 2012.

One control group subject out of 218 could not be in-
cluded in the analysis owing to missing measurements 
for t0. Without the 8 patients of the exploratory study 
arm ultrasound, the study population whose data were 
available for analysis therefore came to n = 209. The 
baseline measurements regarding age, sex, body mass 
index (BMI), and the collected target variables are 
shown in Table 1. No statistically significant differ-
ences to time point t0 were seen. Table 1 also shows for 
the SF-36 the comparison measurements of the German 
normative population sample in the age groups 51–60 
and 61–70 (18).

Sixty-five of the 71 ThüKo participants completed 
the  exercise program successfully (92%). The com-
pliance of these subjects was 93% for group therapy; 
self- reported compliance with the exercise-at-home ac-
tivities reached 95%. No subject had to leave the inter-
vention because of therapy-related adverse effects. 64 
of the 70 subjects in the placebo group participated in 
the placebo ultrasound treatment up to the end (92%). 
Of these 64 persons, one was not able to participate in 
t1 for reasons of illness.

For the evaluation of the target variable Bodily Pain 
of the SF-36, the data of one patient (THüKo) were 
 excluded since the patient had severe flu in the weeks 
before t0 and reported severe bodily pain at t0, which 
had ceased by the time of t1. The evaluation of the 
 primary target criterion showed statistically significant 
differences between the control group and the THüKo 
group. The secondary analysis (ANCOVA considering 
all groups: THüKo, placebo, control) did not yield re-
sults of statistical significance (alpha = 0.05) (Table 2), 
in spite of significant results in pair-wise comparisons.

For all other subscales of the SF-36, no between-
group effects were found, The mean differences are be-
tween 0 and 6 points, the median of the differences for 
all scales and all groups is 0 (Table 3). The subscales 
Role-Emotional, Role-Physical, and Social Function-
ing show ceiling effects, since more than half of the 
subjects in the named scales had the maximum number 
of 100 points at t0, and positive improvements at t1 
were therefore not possible. 

For the disease-specific WOMAC, significant 
 between-group effects were seen for the subscales 
Physical Functioning and Pain. For both scales, the 
THüKo group showed significantly greater effects than 
the control group and the placebo ultrasound group. No 
between-group effects were seen for the Stiffness 
 subscale (Table 4). 

Discussion
The present study aimed to measure the effectiveness 
of exercise therapy for general (primary end point) and 
hip-specific pain symptoms, physical function, joint 
stiffness, and diverse areas of general health-related 
quality of life.

For the general pain symptoms (SF-36), positive 
treatment effects were seen for the THüKo group com-
pared with the control group. The same was true for 
disease-specific pain and physical function, which were 
statistically significantly improved by exercise therapy 
compared with the control group and the placebo 
group. In terms of the WOMAC index, the extent of 
pain reduction and functional improvement resulting 
from the THüKo exercise therapy approach were com-
parable with the results of a recent meta-analyses on the 
effectiveness of exercised-based interventions in hip 
osteoarthritis: patients who underwent exercise therapy 
reported a pain score of 21 points (scale 0–100), where-
as the non-exercising control group reported a pain 
score of 29 points. For physical function, the end re-
sults of the exercise therapy group were 22 points and 

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2014; 111: 592–9 597



M E D I C I N E

those of the control group, 29 points. The comparison 
figures relate to randomized controlled studies with a 
land-based intervention. Water-based exercise therapies 
were not included (8, 10, 22). Not only the change 
scores between exercise group and control group for 
pain and function are comparable, but also the baseline 
measurements and end result measurements of both 
samples. The population of the meta-analysis and the 
present study are therefore similar in terms of the 
 pain-related and function-related impairment due to hip 
osteoarthritis.

An important insight gained from the present study 
is the confirmation that the intervention is effective 
compared with a placebo intervention, as the effect 
sizes described, of 0.36, are comparable to effect sizes 
described in the literature for exercise therapy com-
pared with a control group (8, 13). The available results 
of the WOMAC index show that exercise therapy is 
 superior to a mere placebo intervention in terms of pain 
reduction as well as improved physical function.

No significant between-group effects were seen for 
joint stiffness; with the exception of the SF-36 subscale 
Bodily Pain; the same is the case for the assessment of 
health-related quality of life, for which so far no other 
studies have found a positive mechanism of action for 
exercise therapy either (8).

What remains unclear is the extent to which our re-
sults are generalizable to the treatment of all patients 
with osteoarthritis of the hip. The sample under study 
showed moderate disease-related impairments as com-
pared to the average baseline measurements of the 
WOMAC. In this setting, the SF-36 measurements il-
lustrate that the subjects score higher even than the 
German normative population sample on the vitality 
scale and that they have a better perception of their gen-
eral health. This study is therefore inevitably subject to 
recruitment bias. The effectiveness of the intervention 
in worse-affected persons in a generally poorer state of 
health will need to be investigated in future studies. The 
same is the case for a differentiated analysis of different 
forms of intervention in terms of content, dosage, 
  sustainability, and cost effectiveness (1, 12, 23, 24). 

The effects of the Tübingen exercise therapy 
 approach (THüKo) as shown in this study relate to the 
12-week intervention period and do not allow any con-
clusions regarding long-term treatment effects. In the 
present study, follow-up examinations were conducted 
after three months and nine months. In this time period, 
subjects were, however, at liberty to seek out further 
therapeutic options that they had not used previously. 
This was in order to avoid early dropout by study par-
ticipants because of non-compliance. This means that 
the randomized allocation to the treatment arms was 
 effective exclusively for the time period t0 to t1. In 
 addition to the complementary evaluation of the 
 follow-up examinations, therapeutic effects over the 
long term should be studied in routine clinical practice.

The next important objective will be to integrate the 
THüKo intervention comprehensively into everyday 
healthcare provision. Concrete recommendations for 

exercise therapy in hip osteoarthritis can be given on 
the basis of our study. In Germany, implementation into 
everyday healthcare could be done in the context of 
functional training or rehabilitation exercise in accord-
ance with the social security statutes. Alternatively, the 
treating physician could prescribe exercise therapy or 
physiotherapeutic treatment. For the diagnosis of 
 arthritis, the German catalogue of non-physician practi-
tioner services recommends instructing patients in how 
to undertake their individual independent exercise pro-
gram and provides information on how best to deal 
with the injured joint in the sense of a “hip school” 
(24). The home training program conducted in our 
study may provide helpful orientation in this setting 
(14).
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KEY MESSAGES

● The Tübingen exercise therapy approach (THüKo) is a 
12 week exercise intervention for the treatment of pa-
tients with hip osteoarthritis, which aims to reduce pain 
and improve function.

● THüKo is based on a combination of a class-based 
 program and instruction for a training program at home. 
It includes imparting of knowledge, social interaction, 
and—in particular—exercises aiming to strengthen 
muscles, improve proprioception, and provide balance 
training and improve flexibility. 

● Positive treatment effects for the general health-related 
quality of life have thus far not been ascertained for the 
THüKo approach.

● The implementation of the THüKo approach into routine 
healthcare provision can be undertaken, for example, 
by qualified instructors in the context of rehabilitation 
exercises or functional training or professional instruc-
tion by exercise therapists or physiotherapists.

● Future research activities should evaluate the long-term 
effectiveness of the therapeutic regimen and investigate 
whether the intervention is also effective for patients 
with more pronounced impairments in terms of health-
related quality of life.
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eBOX

Inclusion and exclusion criteria for the study
● Inclusion criteria

– Age between 18 and 85 years
– Osteoarthritis (OA) of one or both hip joint(s) (clinical criteria of the American College of Rheumatology)
– The subject gives voluntary consent to study participation after receiving oral and written information about study  content 

and objectives
– The subject has the time available to undertake the exercises and attend the measurings
– The subject is physically fit for the intervention measure (as ascertained during the examination conducted by the princi-

pal investigator). “Fitness” in this setting relates to the physical as well as the psychological condition of the subject. (Sub-
jects will not be excluded if they have one hip endoprosthesis, as long as the contralateral hip is affected by osteoarthritis 
according to the listed criteria.)

– The subject has capacity to consent

● Exclusion criteria
– Unstable anchoring of endoprosthetic hip joint
– Hip dislocation after endoprosthetic joint replacement
– Further disorders affecting the lower extremities or lower back that require treatment by a physician/therapist and which 

are not connected to the OA and are currently being treated.
– The presence of osteoarthritis in several joints (for example, hip and knee) is NOT an exclusion criterion.
– Medication or alcohol misuse
– Participation in a clinical study in the preceding 4 weeks
– Lack of compliance
– Acute illness
– Use of walking aids
– Previous trauma in the hip and pelvis area with accompanying development of secondary osteoarthritis
– Known endocrinological causes of hip osteoarthritis
– Confirmed metabolic causes of hip osteoarthritis
– State after aseptic bone necrosis (Perthes’ disease)
– Cardiocirculatory disorders or other comorbidities that result in severely restricted everyday physical capacity and that are 

contraindications to physical exertion (for example, heart failure NYHA III–IV, terminal renal failure stage IV)
– Medical exercise therapy, physiotherapy on resistance machines in the preceding 3 months, with a total treatment 

 frequency of more than 6 units
– Systematic group or individual therapy to treat the osteoarthritis (systematic in the sense of a minimum of 1x/week for 30 

minutes or more) in the preceding 3 months
– Physical therapy to treat the osteoarthritis (systematic in the sense of regular, prescribed application at least 1x/week) in 

the preceding 3 months
– Newly initiated exercise/movement therapy in the preceding 3 months (sports and movement therapy defined as taking 

place a minimum of 1x/week, getting out of breath, minimum duration 30 minutes)
– Corticosteroid injection into the hip joint in the preceding 12 months
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