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Abstract

Background Hip pain secondary to acetabular dysplasia

can prevent participation in recreational activities.

Questions/Purposes We retrospectively evaluated the

physical activity level and pain after periacetabular oste-

otomy (PAO) for the treatment of symptomatic hip

dysplasia.

Methods Forty-seven female and four male patients with

a mean age of 27 years underwent a PAO. Physical activity

(UCLA) and pain (WOMAC) were assessed preopera-

tively, at 1 year, and at minimum 2 years postoperatively.

Multivariable linear regression identified substantial,

independent factors associated with postoperative activity

level.

Results The UCLA activity scores were on average

higher at 1 year and remained higher at minimum 2 years

when compared with preoperative scores. Mean postoper-

ative WOMAC pain scores assessed at 1 year and at least

2 years were lower than mean preoperative scores. Age and

preoperative physical activity level were strong indepen-

dent predictors for activity level at 1 year and at minimum

2 years after surgery. Postoperative pain level was a

moderate predictor for the level of activity at minimum

2-year followup.

Conclusions Physical activity level improves after PAO.

Younger age and higher activity levels before surgery and

lower level of pain after surgery are predictive factors for

postoperative level of activity in the short term. The data

presented here may be useful to counsel the active young

adult with symptomatic hip dysplasia about the improve-

ment of level of activity to be expected after PAO.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Regular physical activity is known to improve general

health and quality of life [1, 18]. Hip dysplasia leads to

mechanical joint instability resulting in acetabular rim

overload and pain [11]. Hip pain may prevent participation

in recreational and sports activities and directly impact

quality of life.

The periacetabular osteotomy (PAO), described by Ganz

et al. [8], has been shown to be successful in providing pain

relief and improving hip function in patients with
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symptomatic hip dysplasia [5, 13, 17, 20]. Numerous

studies on outcomes after PAO focus on instruments of

quality of life and hip function [13, 17, 20] such as the

WOMAC [4], the Merle d’Aubigné-Postel hip score [6],

and the Harris hip score [9]. Although these instruments

provide information about patients’ functional limitations,

they do not directly assess activity level and sports

participation.

Patients who participated in sports before PAO may

wish to resume their activities after surgery. Difficulties

and wish to return to recreation often are cited by patients

with hip pain as important components of their disability

[3, 24]. There is limited evidence, to date, regarding

physical activity level patients can expect to achieve after a

PAO and which factors may affect resumption of or

improvement on preoperative activity levels.

The purposes of this study were to determine (1) patient

physical activity level as measured by the UCLA scale and

(2) pain as measured by the WOMAC pain subscale before,

at 1 year, and a minimum of 2 years after PAO. (3) We

also wanted to identify potential predictive factors for

activity level after PAO.

Material and Methods

After institutional review board approval, we performed a

query of our institutional hip registry to identify patients

who underwent a PAO from January 2007 to July 2009.

Inclusion criteria were symptomatic hip dysplasia with

complete medical records and completion of questionnaires

obtained prospectively at three distinct times: (1) before

PAO; and (2) 1 year; and (3) at minimum 2 years post-

operatively. All patients had experienced hip pain for

at least 3 months, had radiographic evidence of acetabular

dysplasia (lateral center-edge angle B 16�, anterior center-

edge angle B 20�, or both), and minimal (Tönnis [19]

Grade 1 or 2) or no (Tönnis [19] Grade 0) radiographic

evidence of osteoarthritis (OA). Exclusion criteria were

advanced OA (Tönnis [19] Grade C 3), a primary or

concurrent diagnosis of a hip disorder other than devel-

opmental hip dysplasia, underlying neuromuscular disease,

and incomplete medical records or activity score ques-

tionnaires. We did not contact any patients specifically for

this study; all data were obtained from medical records,

radiographs, and previously prospectively collected

questionnaires.

The database query yielded 161 patients who underwent

PAO within the 2.5-year period, 51 of which met all

inclusion and exclusion criteria. There were 47 female and

four male patients with a mean age of 27 years (SD,

11 years) and a mean BMI of 24 kg/m2 (SD, 4 kg/m2) at

the time of surgery. Running (22%) and indoor gym and

fitness (16%) were the most common physical activities.

The minimum followup was 2 years (mean, 2.4 years;

range, 2–4 years) (Table 1).

We assessed level of physical activity and pain by

means of self-administered questionnaires. According to

the protocol for prospective patient participation in the hip

registry, most patients had completed preoperative and

postoperative questionnaires at 1 year and at minimum the

2-year clinic visit. The UCLA scale was used to determine

the level of physical activity [2, 25]. The UCLA scale is

based on 10 descriptive activity levels [2, 25]. We divided

patients into one of three general categories of activity

level: (1) UCLA scores under 4 (regular participation in

mild activities); (2) scores between 5 and 7 (moderate and

Table 1. Demographics of patients with periacetabular osteotomy

Characteristic Total sample

(N = 51)

Age at surgery (years), mean ± SD 27.3 ± 10.7

Male sex (%) 4 (8)

BMI (kg/m2), mean ± SD 24.1 ± 3.9

Activities before surgery (%)

Running 12 (22)

Gym 8 (16)

Hockey 3 (6)

Soccer 3 (6)

Tennis 3 (6)

Dance 2 (4)

Softball 2 (4)

Hiking 2 (4)

Yoga 2 (4)

Gymnastics 1 (2)

Wrestling 1 (2)

Unknown 12 (24)

Activities after surgery (%)

Running 9 (17)

Hiking 7(13)

Gym 6 (12)

Softball 3 (6)

Tennis 3 (6)

Yoga 3 (6)

Dance 2 (4)

Hockey 2 (4)

Soccer 2 (4)

Swimming 2 (4)

Gymnastics 1 (2)

Snowboarding 1 (2)

Volleyball 1 (2)

Wrestling 1 (2)

Unknown 8 (16)
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active activities); and (3) higher than 8 (participation in

very active events and impact sports). Preoperatively, 27%

of patients had UCLA scores of 4 or lower, 33% had scores

between 5 and 7, and 39% had scores 8 or higher. The level

of pain was determined with the WOMAC pain subscale

[4]. Pain over the previous month was rated in five areas as

previously reported [13]: (1) walking on a flat surface;

(2) climbing up or down stairs; (3) lying in bed at night;

(4) sitting or lying; and (5) standing upright. The amount of

pain was given a score of 0 (none), 1 (mild), 2 (moderate),

3 (severe), or 4 (extreme). We calculated a total pain score

by adding the scores for the five different areas with a

maximum score of 20 indicating extreme pain.

For each patient, sex, age at the time of surgery, type of

physical activity, BMI, previous and subsequent hip sur-

geries, operative findings, and postoperative complications

were collected from review of medical records. We clas-

sified postoperative complications into five grades based on

the type of treatment required and long-term morbidity

[16]. Grade I complications require no change in postop-

erative care, Grade II require treatment on an outpatient

basis, Grade III involve invasive procedures, Grade IV

include potential life-threatening or complications with

high morbidity, and Grade V involve death.

PAO was performed according to a previously described

technique [8, 13] by the two senior authors (YJK, MBM).

Postoperatively, patients were allowed to walk with crutch

assistance for 8 weeks with touchdown weightbearing of

approximately 20% of body weight as instructed to the

patient during the inpatient physical therapy. Patients were

allowed to weightbear as tolerated once osteotomy healing

was seen on radiographs.

Preoperative and most recent postoperative AP, lateral,

and false-profile [12] pelvic radiographs were available for

all patients and measured by a hip preservation fellow

(ENN). The lateral center-edge angle (LCEA) of Wiberg

[23], the acetabular roof obliquity angle of Tönnis [19], the

anterior center-edge angle (ACEA) of Lequesne and de

Séze [12], grade of OA, and osteotomy healing were

recorded. Grade of OA was assessed with the Tönnis

grading system as previously reported [13, 19]. The oste-

otomies were considered healed when there was no gap

between the fragments and bone bridging could be

observed in the two orthogonal views.

We compared postoperative UCLA scores, WOMAC

pain scores, and radiographic parameters with preoperative

assessments with a paired t-test. Multivariable linear

regression identified substantial, independent factors asso-

ciated with UCLA activity score at 1 and at minimum of

2 years after surgery [10]. Assessment scores were reported

in mean and SD. We compared patients older than 28 years

(the median age of the study population) with those

younger than 28 years for UCLA scores across time with a

nonpaired t-test. Statistical analysis was performed using

the SPSS statistical package (Version 19.0; SPSS Inc/IBM,

Chicago, IL, USA). Two-tailed p \ 0.05 was considered

statistically significant. Minimum sample sizes of 22

(1-year UCLA) and 19 (2-year UCLA) patients would have

80% power (a = 0.05; b = 0.20) to detect at least a 0.05

difference in slopes from null (ie, 0) given observed,

multivariable-adjusted R2 of 0.39 (1-year UCLA) and 0.43

(2-year UCLA). Power analysis was performed with

nQuery Advisor (Version 7.0; Statistical Solutions, Saugus,

MA, USA).

Results

UCLA scores were increased (p = 0.001 for 1 year and

p \ 0.001 for 2 years) at 1 and 2 years after surgery. The

UCLA scores were on average higher at 1 year (mean

difference = 0.9 ± 2.3; p \ 0.001) and remained higher at

minimum 2 years (mean difference = 1.0 ± 2.4; p \
0.001) when compared with preoperative scores. Preoper-

atively, 27% of patients had UCLA scores of 4 or lower

and 39% had scores of 8 or higher. At most recent fol-

lowup, only 10% of patients had scores of 4 or lower,

whereas the majority of patients (61%) had scores of 8 or

higher (Fig. 1). Ten patients had lower activity levels at

most recent followup compared with preoperative levels

(Table 2). Of these patients, only two were not participat-

ing in any sports: an 18-year-old woman was noted to be

too busy for sports and a 45-year-old woman reported

persistent symptoms. An 18-year-old woman changed the

type of activity as a result of increased pain after surgery.

The other patients reduced the frequency without changing

the type of activity after surgery.

Fig. 1 The distributions of UCLA activity scores at preoperative and

at least 2-year followup are shown.
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There was a concurrent decrease in WOMAC pain scores

at 1 and 2 years followup (Fig. 2). Mean preoperative

WOMAC pain scores were higher than mean WOMAC pain

scores assessed at 1 year (mean difference = 4.6 ± 3.8;

p = 0.014) and at least 2 years (mean difference =

4.3 ± 3.8; p = 0.005).

Univariate analysis of factors associated with high UCLA

score at 1 year identified young age, high preoperative

UCLA score, and low postoperative WOMAC pain score as

having significant associations (Table 3). These were

applied to a multivariate linear regression model, which

suggested that age and preoperative UCLA score were sig-

nificantly related to outcome. Older age was associated with

decreased UCLA scores at 1 year postsurgery after adjusting

for preoperative UCLA score and WOMAC pain (b = �0.1;

p = 0.008). Preoperative UCLA score had a positive asso-

ciation with UCLA score at 1 year independent of age and

WOMAC pain (b = 0.1; p = 0.007). When the same factors

were used to compare preoperative UCLA scores with those

from a minimum 2 years postsurgery, the significant asso-

ciations identified at 1 year were maintained (Table 4).

Older age at surgery was independently associated with

UCLA scores at minimum 2 years after adjusting for pre-

operative UCLA score and WOMAC score taken 2 years

after surgery (b = �0.05; p = 0.044). When comparing

UCLA scores with time in patients older than 28 years (the

median age of the study population) with those younger, the

younger age group had a significantly higher UCLA score at

1 year (mean difference = 1.6; 95% CI = 0.4–2.8;

p = 0.009) and at minimum 2 years postoperatively (mean

difference = 1.5; 95% CI = 0.4–2.6; p = 0.01) (Fig. 3).

High preoperative UCLA score and lower WOMAC pain

scores postoperatively were positively associated with higher

UCLA score at minimum 2 years postoperatively (b = 0.3,

p = 0.013; and b = �0.2, p = 0.05, respectively).

The severity of acetabular dysplasia, analyzed as LCEA,

ACEA, or Tönnis [19] angle measured as continuous vari-

ables, was not a predictor of activity scores at 1 year or at

minimum 2 years after surgery by univariate analysis. This

was found despite improvement in the radiographic param-

eters after surgery when compared with the preoperative

assessment. The LCEA improved an average of 14.8� (95%

CI = 11.5–18.1; p \ 0.001), the ACEA improved an aver-

age of 13.1� (95% CI = 9.6–16.7; p \ 0.001), and the

Tönnis [19] angle improved an average of 11.2� (95%

CI = 11.2–17.3; p \ 0.001). Thirty hips (59%) had Tönnis

[19] osteoarthritis Grade 0 and 21 (41%) had Grade 1 before

surgery. The OA grade did not progress in 49 (96%) of the

hips. In two (4%) hips, there was radiographic progression

from Grade 0 to Grade 1.

Ten patients experienced complications. Three patients

had localized dysesthesia in the lateral femoral cutaneous

nerve distribution, which required no additional treatmentT
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(Grade I). Three patients had transient peroneal nerve palsy

treated with oral gabapentin (Grade II). There were three

Grade III complications; two patients had wound hemato-

mas develop that were treated with surgical drainage and

oral antibiotics, although cultures were negative in both

cases. One patient (a 43-year-old woman) had a symp-

tomatic nonunion of the ischium osteotomy requiring

plating and bone graft 1 year after PAO. Although this

patient did not have symptomatic improvement, her level

of activity improved from a UCLA activity score of 2 to a

score of 6 at 3 years of followup. One patient (a 44-year-old

woman) had a pulmonary embolism develop (Grade IV)

7 days after surgery requiring intensive care unit treatment.

The occurrence of a complication was not a significant pre-

dictor of UCLA activity score at 1 year (p = 0.16) or at

minimum 2 years (p = 0.40) postoperatively.

Fig. 2A–B Bar plots of (A) the UCLA

and (B) WOMAC pain are shown for

preoperative, 1-year postoperative, and

at least 2-year postoperative scores. The

asterisks indicate significant compari-

sons of scores at each time as compared

with preoperative scores based on Stu-

dent’s paired t-test (p \ 0.05).

Table 3. Factors associated with UCLA score at 1 year postsurgery

(N = 51)

Variable UCLA activity score at 1 year

Univariate Multivariable*

b p value b p value

Age (years) �0.08 0.004 �0.07 0.008

Male (%) 0.66 0.57

BMI (kg/m2) �0.08 0.30

Preoperative UCLA score 0.46 \ 0.001 0.3 0.007

D WOMAC pain 0.07 0.44

WOMAC pain at 1 year �0.28 0.006 �0.21 0.11

Previous pelvic surgery 0.48 0.48

Complication �1.15 0.16

Preoperative LCEA 0.01 0.99

Preoperative ACEA 0.01 0.92

Preoperative Tönnis angle 0.01 0.93

* Variables significant in univariate analysis were included in mul-

tivariable analysis; BMI = body mass index; D = WOMAC pain

1 year postoperatively–preoperatively; ACEA = anterior center-edge

angle; LCEA = lateral center-edge angle.

Table 4. Factors associated with UCLA score at least 2 years post-

surgery (N = 51)

Variable UCLA activity score at 2 years

Univariate Multivariable*

b p value b p value

Age (years) �0.07 0.007 �0.05 0.044

Male (%) 0.24 0.83

BMI (kg/m2) �0.09 0.22

Preoperative UCLA score 0.38 0.001 0.28 0.013

D WOMAC pain �0.02 0.79

WOMAC pain at 2 years �0.22 0.008 �0.15 0.050

Previous pelvic surgery 0.48 0.46

Complication �0.64 0.40

Preoperative LCEA �0.01 0.89

Preoperative ACEA �0.01 0.92

Preoperative Tönnis angle �0.01 0.75

* Variables significant in univariate analysis were included in mul-

tivariable analysis; BMI = body mass index; D = WOMAC pain

2 years postoperatively–preoperatively; ACEA = anterior center-

edge angle; LCEA = lateral center-edge angle.
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Discussion

There is limited evidence in the literature regarding the

level of activity patients can expect to achieve after PAO

and which factors may impact resumption of, or

improvement on, preoperative activity levels. Physical

activity is an important concern for young adults under-

going hip surgery. Therefore, in this study of 51 patients

undergoing PAO for the treatment of symptomatic hip

dysplasia, we sought to determine the level of physical

activity assessed by the UCLA scale and pain assessed by

the WOMAC index at three distinct times: before PAO, at

1 year postoperatively, and at least 2 years postoperatively.

We also wanted to identify predictive factors for the level

of physical activity achieved after a PAO.

There are several limitations to the current study. First,

information about specific physical activities was collected

retrospectively. We therefore could not analyze the influ-

ence of activity type on postoperative activity level. In

addition, we have limited information on patients’ specific

reasons for their limitations in activity other than the

variables measured, which could have influenced the

change in activity level after surgery. However, serial

UCLA scores were prospectively collected at each clinic

visit, allowing for comparative analyses of the activity

levels. Notably, the UCLA scale does not detail the

intensity of physical activity. However, it has been tested

for validity and shown to correlate with objective mea-

surements of physical activity as assessed by a pedometer

[25]. In addition, the short-term followup in our study

precludes any conclusions or recommendations related to

the risk of progressive joint damage after PAO based on

activity level. However, the available data did show PAO

can alleviate pain and improve the level of physical activity

1 year after surgery, which is sustained at an average of

2.4 years.

In this series, the mean postoperative UCLA and

WOMAC pain scores, at 1 year and at minimum 2 years

followup, substantially improved when compared with the

preoperative scores. When considering pain relief and level

of daily function as assessed by the WOMAC, previous

studies have shown PAO is an effective surgical option for

treatment of symptomatic hip dysplasia in the young adult

[13, 20]. However, a previous study suggests the WOMAC

may not be suitable for predicting the amount of physical

activity after hip surgery, which would require the use of

an additional outcome measure [22]. To our knowledge,

only one previous investigation has assessed physical

activity in patients with symptomatic hip dysplasia under-

going PAO [21]. van Bergayk and Garbuz [21] reported

objective improvement in participation in sports activities

as measured by the Tegner score in 21 patients after PAO.

All but one patient in their cohort had an increase in

activity level. In the current series there was an average

improvement of 1 point on the UCLA scale with a mean

UCLA score of 7.5 at 1 year after surgery and similar

results at minimum 2 years. At most recent followup, only

10% of patients had scores of 4 or lower, whereas the

majority of patients (61%) were participating in either very

active or impact sports (scores of 8 or higher). The Tegner

score was designed to assess activity after knee surgery.

We believe the UCLA scale is a more appropriate tool to

measure activity level after PAO. It has been shown to

discriminate between insufficiently and sufficiently active

patients and to have the greatest reliability in patients with

hip disorders when compared with other instruments,

including the Tegner score [14].

Difficulties with and the wish to return to recreational

activities often are cited by patients with hip pain as an

important disability [3, 24]. Symptomatic hip dysplasia in

healthy, active young adults is commonly diagnosed

without advanced OA. These patients may wish to resume

or improve their physical activities after surgical treatment.

Our data suggest that PAO can provide pain relief and

improvement in the level of activity in symptomatic young

adults with hip dysplasia in the short term while preserving

the native hip.

In this study, multivariate regression analysis identified

age and preoperative level of physical activity as inde-

pendent predictors of postoperative activity level at 1 year

and minimum 2-year followups. Pain at minimum 2-year

followup was moderately associated with lower UCLA

scores. Our findings are in line with previous studies that

showed physical activity is influenced by age in the general

population [7, 15]. We showed the role of age as predictive

of UCLA score after PAO; at all three times, patients

younger than 28 years had considerably higher levels of

Fig. 3 Bar plots of the UCLA activity score evaluated preoperative,

1 year postoperative, and at least 2 years postoperatively stratified by

median age are shown. The asterisks denote significant differences in

average UCLA activity score between age strata at 1 year and at least

2 years postoperatively based on Student’s t-test (p \ 0.05).
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activity than patients older than 28 years. Our data also

showed that the higher preoperative activity level was

associated with an increased activity level 1 year and at

minimum 2 years after surgery. Multivariate analysis

showed this effect was independent of age and WOMAC

pain. To our knowledge, our study is the first to investigate

predictor factors for activity level after PAO. In this study,

patients with lower preoperative activity scores remained

less active after surgery.

Lower postoperative pain assessed by the WOMAC

index also was found to be a predictive factor for higher

postoperative activity level by univariate analysis. How-

ever, multivariate regression analysis did not replicate this

as a major finding. At minimum 2 years postoperative fol-

lowup, lower WOMAC pain scores were only moderately

associated with higher UCLA scores. Our cohort’s reported

improvement in mean pain scores after PAO is in line with

previous retrospective studies [5, 13, 17, 20]. Although

improvement in hip pain and function are the central goals

of PAO, a previous study suggests approximately 10% of

patients with symptomatic hip dysplasia undergoing PAO

will experience persistent pain in the hip after surgery [13].

We found the level of pain at most recent followup was a

predictor for the level of activity after PAO, but improve-

ment in pain, assessed by change in WOMAC pain scores,

was not a predictor. Therefore, our data suggest that even if

patients obtain symptomatic improvement, it is the level of

pain at followup that more substantially influences regain-

ing or improving the activity level after surgery.

Our study of 51 patients undergoing PAO for treatment

of symptomatic hip dysplasia showed the level of physical

activity assessed by the UCLA scale improved after sur-

gery. Age at the time of surgery and preoperative level of

physical activity were strong independent predictors of the

level of physical activity at 1 year and at minimum 2 years

after surgery. Pain assessed by WOMAC index was a

moderate predictor for the level of activity at most recent

followup. The younger and more active a patient was

before surgery and the lower the pain was at final followup,

the greater the activity level at 1 year after surgery and at

minimum followup of 2 years. A successful outcome of

PAO should not only include pain relief and improvement

in function, but also improvement in activity level for the

active young adult with symptomatic hip dysplasia. The

data presented here may be useful to counsel patients for

the level of activity they can expect after PAO.
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