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Background: Patients undergoing periacetabular osteotomy (PAO) for symptomatic developmental dysplasia of the hip are usu-
ally young and active with high functional demands. Those who participate in sports seek surgical therapy to resume or maintain
sports activities. There is little evidence regarding the postoperative level of activity and the extent to which sports activity
changes after PAO both qualitatively and quantitatively.

Purpose: The aim of this study was to determine the change in activity level as measured using the University of California Los
Angeles (UCLA) activity score and the changes in qualitative and quantitative sports activity.

Study Design: Case series; Level of evidence, 4.

Methods: This was a retrospective analysis of prospectively collected data of 123 hips in 111 patients who underwent PAO for
developmental dysplasia of the hip between January 2015 and June 2017. UCLA activity score, International Hip Outcome Tool
12, and Subjective Hip Value, as well as practiced sports, frequency and duration of sports activity, and time to return to sports,
were assessed. Eventual changes in practiced sports and reasons for those changes were recorded.

Results: Of the participating patients, 85% were female and 15% were male. The mean patient age at the time of surgery was
27.7 6 7.3 years. Mean follow-up was 63 6 10 months. UCLA score (5.08 6 2.44 vs 6.95 6 1.74; P \ .001), International Hip
Outcome Tool 12 (41.4 6 22.2 vs 72.6 6 22.9; P \ .001), and Subjective Hip Value (42.8 6 24.3 vs 80.4 6 17.8; P \ .001)
increased significantly from pre- to postoperatively. Significantly more patients participated in low-impact sports postoperatively
(31.7% vs 52%; P = .001). Participation in high-impact sports decreased (42.3% vs 36.6%; P = .361). The overall sports activity
rate increased significantly (78.8% vs 90.8%; P = .008). Quantitatively, sports frequency in times per week (P \ .001) as well as
length of exercise per time (P = .007) increased significantly. A total of 52 patients (42%) changed sports activities postopera-
tively. Of these, 35 (28.4%) reported having stopped previously practiced sports after surgery, while 17 (13.8%) reported having
started new sports. Reasons for starting and stopping certain sports varied and included hip- and non–hip related ones. In only 2
cases was physician’s advice given as a reason for changing the sport.

Conclusion: Patients can improve their sports activity both qualitatively and quantitatively after PAO. However, a relevant pro-
portion of patients adjusts their sports activities for a variety of hip-related and non–hip related reasons.
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Developmental dysplasia of the hip (DDH) is the most com-
mon cause for early, secondary osteoarthritis of the hip,
resulting in functional impairment and immobiliza-
tion.1,8,12,23,25 With improved diagnostics and knowledge
of both pathology and treatment options, affected patients
more frequently present to orthopaedic surgeons in time
for joint-preserving surgery.18 Periacetabular osteotomy
(PAO) is the standard for joint-preserving surgical treat-
ment and has shown good long-term results.2,5-7,16,22

At the time of indication, patients are usually young
and have a high functional demand. Those who participate
in sports seek surgical therapy to resume or maintain
sports activities.4,21,22
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However, there is little evidence on the extent to which
sports activity changes, both qualitatively and quantitatively,
after PAO and what the reasons for possible change are.

The current study first aimed to compare the change in
activity level as measured using the University of Califor-
nia Los Angeles (UCLA) activity score. A second aim was to
assess qualitative and quantitative changes in activity pat-
tern and sports practiced. The authors hypothesized that
patients would be able to return to their preoperative activ-
ity level as measured using the UCLA activity score and
continue sporting activity as before surgery.

METHODS

Patients

We conducted a retrospective analysis of prospectively col-
lected data from our institutional database. Prior approval
of the local ethics committee was obtained (EA1/052/21).
Patients who underwent PAO between January 2015 and
June 2017 were included. Inclusion criteria were a primary
diagnosis of symptomatic DDH based on defined parame-
ters (further described below) as well as complete informa-
tion on preoperative and postoperative activity levels and
sports participation at follow-up (further described below),
completed hip questionnaire for preoperative and postoper-
ative functional status, and informed consent. Exclusion
criteria were treatment with PAO for indications other
than symptomatic DDH, osteoarthritis grade .1 according
to Tönnis, incomplete data, or missing informed consent.

A total of 202 cases were included during the study
period. Six were excluded because of a diagnosis other
than DDH, and 73 were lost to follow-up, resulting in
a final study cohort of 123 hips in 111 patients. Of these,
85% were female and 15% were male. A PAO was per-
formed on the right hip in 53% of cases. In 24 cases, addi-
tional open femoral head-neck osteochondroplasty was
performed. In 1 case, combined head-neck osteochondro-
plasty and subspine decompression was performed. Fur-
thermore, in 1 case, subtrochanteric derotating osteotomy
was performed. The mean patient age at the time of sur-
gery was 27.7 6 7.3 years, and mean body mass index
was 24.3 6 4.7. The mean follow-up was 63 6 10 months.
For a detailed overview of patient selection, see Figure 1.

Hip dysplasia was diagnosed from standing anteroposte-
rior radiographs. All hips had �1 radiographic abnormality,
including a lateral center-edge angle according to Wiberg of
\25�,17 acetabular inclination according to Tönnis of .10�,17

and femoral head extrusion index according to Heyman and
Herndon11 of .26%. Femoral head congruency was deter-
mined preoperatively via functional radiographs in 30� of
abduction and was good in all hips. All hips had osteoarthritis
grade �1 according to Tönnis.14

Data Collection

The pre- and postoperative activity level and hip function
were assessed as part of the routine assessment of the
patients. Activity level was assessed using the UCLA

activity score.3 Hip function was assessed using the Inter-
national Hip Outcome Tool 12 and Subjective Hip Value, as
these have been previously validated and recommended for
young active patients in the context of hip joint preserva-
tion surgery.9,15 Patient-reported outcome measures and
sports activity were collected at follow-up via a hip-specific
questionnaire (see Appendix, available in the online ver-
sion of this article).

The qualitative pre- and postoperative sports activity
was assessed using a questionnaire developed for this pur-
pose. For simplification, common sports (cycling, moun-
taineering, alpine skiing, fitness training, tennis,
basketball, soccer, handball, volleyball, hiking, golf, long
walks, Nordic walking, running/jogging) were given in
a list. Sports outside the given list were collected via
free-text answer. The option ‘‘no sports’’ was also listed.
Multiple answers were possible. The activities were
divided into high-impact sports (tennis, basketball, soccer,
handball, volleyball, alpine skiing, mountaineering, run-
ning/jogging, dancing, martial arts) and low-impact sports
(cycling, long walks, Nordic walking, hiking, fitness train-
ing, swimming, yoga, horseback riding), as previously
defined in the literature.13 Patients were asked if they par-
ticipated in other sports after surgery than before surgery.
In the event of a postoperative change in the sports prac-
ticed, patients were asked for the reason of change.
Responses were grouped into hip-related and non–hip
related reasons.

Quantitative sports activity was recorded by sports fre-
quency in times per week with a ranking of 0, 1, 2, 3, 4, or

PAO between 
January 2015 and 

June 2017
202 hips

123 hips

Diagnosis other 
than DDH, e.g. 

acetabular 
retroversion (n = 

6)

Lost to follow-up 
(n = 73)

Figure 1. Flowchart showing study population and reasons
for exclusion. DDH, developmental dysplasia of the hip;
PAO, periacetabular osteotomy.
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.4 times per week. In addition, the duration of sports
activity each time was recorded in minutes. Patients could
rank their sports activity on a scale from 0 to 15, 16 to 30,
31 to 60, 61 to 120, and .120 minutes per session.

Furthermore, the time between surgery and return to
sports activity was recorded in weeks. Patients could rank
themselves (1) between 1 and 3 months, (2) between 3 and
6 months, (3) after .6 months, and (4) no return to sports.

Patients were further asked to what extent PAO had
subjectively affected their sports ability. They could choose
among (1) improved, (2) worsened, and (3) not influenced.
Qualitative and quantitative aspects were collected at the
time of follow-up using the aforementioned questionnaire.

Statistical Analysis

Frequency rates, means, and ranges were used to describe
basic patient characteristics. Normal distribution was
tested using the Shapiro-Wilk test. For normally distrib-
uted data, the t test was used, and for nonnormally distrib-
uted data, the Mann-Whitney U test was used to
determine significant differences between continuous
data. The chi-square test was used for categorical data.
For nonparametric data, the Wilcoxon signed-rank test
was used. A P value of \.05 was considered statistically
significant. Microsoft Excel Version 16.16.2 was used to
document the collected data. The collected data were ana-
lyzed using IBM SPSS 25 (SPSS, Inc).

RESULTS

Radiologic Measurements

Radiologic parameters relevant for DDH, including lateral
center-edge angle (16.2� 6 6.1� to 29.3� 65.8�; P \ .001),
acetabular inclination (13.3� 6 6.6� to 1.3� 6 7.4�; P \
.001), and femoral head extrusion index (23.7% 6 8.2% to
9.6% 6 8.6%; P \ .001), were significantly improved pre-
to postoperatively.

Activity Level and Hip Function

Activity level as measured using the UCLA activity score
improved significantly from preoperatively to follow-up
(5.1 6 2.4 to 7 6 1.7; P \ .001). The International Hip Out-
come Tool 12 improved significantly from preoperatively to
follow-up (41.4 6 22.2 to 72.6 6 22.9; P \ .001). The Sub-
jective Hip Value also improved significantly from preoper-
atively to follow-up (42.8 6 24.3 to 80.4 6 17.8; P \ .001).

Changes in Qualitative Sports Activity

At follow-up, the percentage of patients participating in
low-impact sports increased significantly preoperatively
(39/123 or 31.7%) to postoperatively (64/123 or 52%) (P =
.001). The percentage of patients participating in high-
impact sports decreased from preoperatively (52/123 or

42.3%) to postoperatively (45/123 or 36.6%), but this differ-
ence was not significant (P = .361). Within the listed high-
impact sports, soccer and basketball stand out as sports
that involve both full-speed running and cutting activity.
The number of patients playing soccer decreased from pre-
operatively (16/123 or 13%) to follow-up (8/123 or 6.5%) (P
= .085). The number of patients playing basketball also
decreased from preoperatively (4/123 or 3.3%) to follow-
up (1/123 or 0.8%) (P = .175). Return-to-sports rate was
50% for soccer and 20% for basketball. These changes
were not significant. The percentage of patients who
reported participating in sports activity increased signifi-
cantly (78.8% vs 90.8%; P = .008).

For a detailed overview of the sports practiced, see
Figure 2.

A total of 52 patients (42%) changed sports activities
postoperatively. Of these, 35 (28.4%) reported having
stopped previously practiced sports after surgery, while
17 (13.8%) reported having started new sports. Of the
patients who stopped playing sports postoperatively, 11
(8.9%) reported having stopped for reasons unrelated to
surgery, 23 patients (18.7%) reported lower exercise toler-
ance/pain as the reason, and 1 patient (0.8%) reported
other reasons. Of the patients who started new sports post-
operatively, 9 (7.3%) reported having started new sports
that were not possible preoperatively due to hip discomfort,
while 8 (6.5%) reported having started new sports to
improve hip function. Only in 2 cases was physician’s
advice given as a reason for changing the sport.

Changes in Quantitative Sports Activity

At follow-up, the frequency in sports activity per week
measured using the ranking mentioned above was signifi-
cantly higher postoperatively (P \ .001). For a summary of
the data on sports frequency, see Figure 3.

In 73% of the participating patients, there were differ-
ences in sports frequency pre- and postoperatively. In
49.6% of the patients, sports frequency was higher postop-
eratively than preoperatively, while it was higher preoper-
atively in 23.6% of the patients.

The length of exercise per session as measured using
the abovementioned scale also increased significantly
pre- to postoperatively (P = .007).

For a summary of the data on sports length, see Figure 4.

Time to Return to Sports

Most patients resumed sports activity after .6 months
(42%) or 3 to 6 months (38%); 17% reported resuming
sports after 1 to 3 months. No return to sports occurred
in 3% of cases.

Subjective Influence on Sports Ability

With regard to the subjective effect of PAO on their sports
ability, of 123 participating patients, 58.1% reported that
the surgery had subjectively improved their sports ability,
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18.8% reported that the surgery had subjectively decreased
their sports ability, and 23.1% of patients reported that the
surgery had not subjectively affected their sports ability.

Male Versus Female Return to Sports

Female patients (85% of the study population) reported
a return to sports after 3 to 6 months (41%). Male patients
(15% of the study population) reported a return to sports
after .6 months in most cases (61%); 49% of the female
patients and 42% of the male patients returned to their
preoperative sport.

DISCUSSION

To our knowledge, there is no evidence on pre- to postoper-
ative changes in sports activity in patients untergoing PAO
and the underlying reasons for those changes. To our
knowledge, this is the first study to provide a detailed anal-
ysis of these adjustments in patients undergoing PAO for
DDH. The main finding of this study was that the activity
level significantly increased after PAO. The proportion of
patients who practiced sports increased significantly pre-
to postoperatively. However, qualitatively, there was a sig-
nificant shift toward low-impact sports. From a quantita-
tive point of view, patients were able to increase both

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00%
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Martial Arts
Dancing
Running

Alpine skiing
Volleyball
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Soccer
Basketball

Tennis
Mountaineering

Horse riding
Yoga

Swimming
Fitness-Training

Hiking
Nordic-Walking
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Cycling

Postoperatively (%) Preoperatively (%)

Low-Impact

High-Impact

Figure 2. Sports practiced pre- and postoperatively divided into low- and high-impact sports. Multiple answers possible.
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Figure 3. Sports frequency in times per week pre- and post-
operatively. Across the study population, sports frequency
improved significantly (P \ .001).
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sports frequency and duration postoperatively. Most
patients returned to sports activities 6 months after PAO.

It was previously shown that active patients as mea-
sured using the UCLA activity score could maintain their
activity level21 or—in patients with low or moderate preop-
erative activity levels—could improve their activity level
postoperatively. Patients with very high preoperative
activity levels showed decreased activity levels postopera-
tively.22 However, these studies assessed only athletic
activity by means of the UCLA activity score,20-22 lacking
in qualitative and quantitative analysis of sports activities.
In our cohort, the preoperative activity level was moderate,
as measured using the UCLA activity score, and improved
to levels previously defined as ‘‘active’’ similar to the
literature.4,21,22

A study by Takahashi et al24 examined postoperative
sports participation in 43 middle-aged patients with DDH
who underwent curved periacetabular osteotomy. Pre-
and postoperative sports activity participation rates were
55.8% and 72.1%, respectively, and mostly low-impact
sports were practiced. Return to sports was at an average
of 12 months postoperatively, and weekly frequencies of
athletic activity did not change significantly. In our study,
patients were overall younger, and more individuals prac-
ticed sports preoperatively (78.8%) as well as postopera-
tively (90.8%). The proportion of patients participating in
low-impact sports significantly increased from 31.7% to
52%, and the proportion decreased from 42.3% to 35.8%
for high-impact sports in our cohort.

Reasons for changing sports can vary and go beyond hip
disorders. It was previously shown that the main reason
for a postoperative increase of sports activity after PAO
was reduced hip pain. Previously identified reasons for
a decrease of sports activity postoperatively were various.
Persistent hip pain, continued concerns for preserving
the hip joint, medical advice, and a change in life circum-
stances were mentioned.4 However, these analyses lack
details on the specific sports and their practice.

In our cohort, 42% of the patients changed sports after
PAO. Of the 14% of patients who started new sports post-
operatively, about half reported resolution of preoperative
symptoms to be the reason, while the other half started
new sports to improve the hip function. Of the 28.4% of
patients who had stopped sports, one-third indicated rea-
sons unrelated to the operated hip joint, while the other
two-thirds indicated persistent hip discomfort or reduced
exercise tolerance of the hip. Only in 2 cases was a physi-
cian’s recommendation given as the reason for discontinu-
ing a sport.

It has been previously shown that high levels of athletic
activity in patients with DDH lead to an earlier onset of
hip symptoms. During the orthopaedic consultation, these
very active patients are often initially recommended to
exhaust nonoperative therapy, which includes adjusting
sports activity.18 However, the question arises whether
an adjustment of the activity level is also necessary after
a successful PAO, with physiologic acetabular coverage
ideally being achieved.19

In a study by Hara et al,10 161 patients (183 hips) were
investigated to determine whether exercise after PAO

affected the progression of osteoarthritis at 100-month fol-
low-up. It was found that higher activity did not cause pro-
gression of osteoarthritis. However, with a mean age of 42
years and a participation of 5% of the study population in
high-impact sports, possible conclusions for active and
very active patients seem limited here.

Overall, the evidence of the influence of high-impact
sports on osteoarthritis progression after PAO is scarce,
thus leading to a lack of uniform recommendations for
sports after PAO.

This study had several limitations. First was the retro-
spective study design and potential recall bias in patients’
responses to possible change of sport as well as sport fre-
quency and duration. However, it can be assumed that
patients remembered the changes in their sports activity
in the relatively short follow-up. Second, the dropout in
our cohort was relatively high. Nevertheless, the final
study population was still relatively large compared with
that in previous studies assessing athletic activity after
PAO.

CONCLUSION

Activity level increases after PAO. While patients can
increase their quantitative sporting activity, qualitatively
there is a shift toward low-impact sports. Reasons for
changing sports are various and include hip-related and
non–hip related reasons.
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