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Abstract
Background The Bernese periacetabular osteotomy (PAO)
continues to be a commonly performed nonarthroplasty

option to treat acetabular dysplasia, but only a few short-
term studies have evaluated complications rigorously after
PAO.
Questions/purposes (1) What complications are observed
at 10-year mean followup of the Bernese PAO in patients
with symptomatic acetabular dysplasia? (2) What factors
are associated with these complications? (3) Do these
complications affect clinical outcome scores?
Methods We reviewed 238 hips in 206 patients treated
with PAO from July 1994 to August 2008. Only PAOs
performed for symptomatic acetabular dysplasia and those
that had at a minimum 4-year followup were included.
Patients who went on to THA before 4 years were included
in the study. Patients with hip pain who presented with a
clinical presentation of symptomatic acetabular dysplasia,
radiographic evidence of femoral head uncovering, and a
lateral center-edge angle < 25° were considered for PAO
and no other juxtaacetabular osteotomy was offered other
than PAO. Sixty-two hips had diagnoses other than ace-
tabular dysplasia and 22 were lost to followup. The
remaining 154 hips (129 patients) were evaluated by chart
review at a mean of 10 years (range, 1.7–20.5 years) using
the UCLA Activity Score, modified Harris hip score
(mHHS), WOMAC, and radiographic analysis. The mean
age at PAOwas 26 years (range, 10-60 years) and consisted
of 113 female patients (132 hips [86%]) and 16 male
patients (22 hips [14%]). Complications were graded using
the validated Clavien-Dindo system. Complications were
assessed for each hip and the highest complication grade
was assigned to the hip if multiple complications occurred.
We divided complication grades into three groups for
analysis: no complications, Grade 1 complications, and
complications that deviated from the standard post-
operative course (Grades 2, 3, and 4). There were no Grade
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5 complications. Variables with significant (p < 0.05)
univariable associations with complications were consid-
ered for inclusion in a multivariable model. Outcome var-
iables (mHHS and WOMAC) at the most recent followup
visit were analyzed using a generalized estimating equation
approach. Analysis of variance was used to compare
UCLA at the most recent followup among the complication
classes.
Results Major complications defined as Clavien-Dindo
Grade 3/4 occurred in 14 hips (9%). After controlling for
potential confounding variables, we found that increasing
body mass index (BMI) (odds ratio [OR], 1.16; 95% con-
fidence interval, 1.05-1.25; p = 0.004) was associated with
increased risk of complication. In contrast, greater surgeon
experience was associated with a decreased risk (OR, 0.3;
p = 0.002). Complications were associated with post-
operative pain and activity, WOMAC (mean 6 SD:
0 complications = 1.56 15.1, 1 complication = 4.36 4.1,
2-3 complications = 3.86 4.6; p = 0.020) andUCLA scores
(mean6 SD: 0 complications = 7.86 2, 1 complication =
6.7 6 2.1, 2-3 complications = 6.5 6 2; p = 0.003).
Conclusions Most hips undergoing PAO have few com-
plications. The most common major surgical complication is
nonunion. Increasing BMI was a predictor of having a
complication, and surgeon experience decreased complica-
tion risk. Having a complication adversely affected long-term
pain and activity. To minimize complications and maximize
outcomes, a patient’s BMI should be assessed preoperatively
and those with excessive BMI should be counseled on the
increased risk of complications. In an experienced surgeon’s
hands, PAOhas few complications atmean 10-year followup
and a low risk of permanent disability.
Level of Evidence Level III, therapeutic study.

Introduction

Developmental dysplasia of the hip (DDH) is amajor cause of
osteoarthritis in young adults that often results in THA at a
young age [1, 15, 18, 24, 25, 36, 37]. Joint preservation sur-
gery in DDH continues to be a desirable option because THA
may be associated with early revision, and native joint pres-
ervation prevents the need for activity restrictions [10, 12, 13,
16, 17, 23]. Long-term outcome studies after periacetabular
osteotomy (PAO) have indicated thatmost patients experience
long-lasting pain relief and maintain an active lifestyle [38,
39]. PAO is a well-accepted procedure with an established
learning curve and known short-term complications. How-
ever, to our knowledge, no studies have rigorously evaluated
the complications that may accrue after PAO followup, the
factors associated with those complications, and the effects of
those complications on clinical outcomes [5, 8, 9, 28, 30, 41].

As PAO is becomingmore widely used [3, 8, 20-22, 34],
knowledge of complications that may accrue or persist over

time is necessary. For example, there may exist late com-
plications like acetabular osteonecrosis, delayed symp-
tomatic nonunion, and manifestations of acetabular
malreduction that are not appreciated at early followup but
which become clinically important at longer term followup.
There is a need to better define the late complications as-
sociated with PAO to educate providers and stratify patients
who will benefit from surgery, but also to identify modifi-
able risk factors and prevent complications.

We therefore sought to answer the following questions:
(1) What complications are observed at 10-year mean
followup of the Bernese PAO in patients with symptomatic
acetabular dysplasia? (2) What factors are associated with
these complications? (3) Do these complications affect
clinical outcome scores?

Materials and Methods

This is a retrospective study of 154 hips (129 patients) with
DDH identified through review of a longitudinally main-
tained institutional hip database, which includes all patients
treated with PAO. We obtained institutional review board
approval for the present study. All patients who underwent
PAO for symptomatic dysplasia of the hip from July 1994
to August 2008 were eligible for inclusion. We excluded
patients with neuromuscular or connective tissue disorders,
prior trauma, and additional diagnoses other than DDH
such as Legg-Calvé-Perthes disease, slipped capital fem-
oral epiphysis, and acetabular retroversion.

Patients who presented to the senior authors (JCC, PS)
with symptomatic developmental dysplasia [29] of the hip,
radiographic evidence of femoral head uncovering, and a
lateral center-edge angle of < 25° were offered treatment
with PAO; no other juxtaacetabular osteotomies were used
or offered in this study period. In total, 238 PAOs were
performed on 206 patients during the study period. Sixty-
two hips were excluded because the patient underwent PAO
for indications other than DDH or for additional diagnoses
that did not meet the inclusion criteria, and another 22 hips
were lost to followup or did not have greater than 4-year
followup. Patients whowent on to THA before 4 years were
included in the study. The remaining 154 hips (129 patients)
were retrospectively evaluated at a mean of 10 years (range,
1.7–20.5 years) (Fig. 1). The mean patient age was 26 years
(range, 10-60 years). There were 113 female patients (132
hips [86%]) and 16 male patients (22 hips [14%]); the mean
bodymass index (BMI)was 24 kg/m2 (range, 17-34 kg/m2).

Surgical Technique

The surgical technique that has been previously reported
[7] was performed according to Ganz et al. [14] and the
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abductor-sparing approach as described by Murphy and
Millis was utilized [26]. Seventy-eight hips (51%) had
concurrent procedures. Sixty-six underwent femoral head-
neck osteochondroplasty using a Smith-Petersen approach,
21 underwent hip arthroscopy for labral resection or repair,
and eight underwent a proximal femoral osteotomy (seven
varus-producing and one valgus-producing). There were
no concurrent cartilage repair techniques.

Clinical and Radiographic Analysis

Complications were graded and assessed for each hip
according to the modified Clavien-Dindo classification
system [11, 31, 41]. An orthopaedic surgeon (JW)
performed a thorough chart review of all patients and
complication grading was performed independent of the
treating surgeons.

A Grade 1 complication needed no treatment and no
deviation from a normal postoperative course. Grade 1
complications included transient lateral femoral cutane-
ous nerve dysesthesia, asymptomatic heterotopic ossifi-
cation, and asymptomatic nonunions. A Grade 2
complication deviated from the normal postoperative
course; patients underwent pharmacologic treatment or
close monitoring as an outpatient. Grade 2 complications
included superficial wound infections necessitating ad-
ditional clinic visits and/or antibiotics and nerve palsy
needing bracing and/or close observation with complete
resolution. A Grade 3 complication resulted in surgical,
endoscopic, or radiographic intervention and sometimes
an unplanned hospital admission. Grade 3 complications
included revision PAO, deep infection needing operative
incision and débridement, open reduction and internal
fixation of symptomatic nonunion, and heterotopic
ossification excision. A Grade 4 complication was life-
threatening and/or not treatable with potential for per-
manent disability, including permanent nerve injury,
major vascular injury, and pulmonary embolism. A Grade
5 complication resulted in death.

Postoperative activity, pain, and quality-of-life out-
comes were collected at latest followup with the use of a
hip questionnaire that included the UCLA Activity Score,
modified Harris hip score (mHHS), and the WOMAC pain
subscale score. All of these are validated outcome scores
for assessing patients with hip osteoarthritis [2, 4, 27, 33].
Patients who had undergone bilateral PAOs completed the
series of questions for each hip individually.

Preoperative and latest followup radiographs were
evaluated. Preoperative radiographs were evaluated for the
lateral center-edge angle of Wiberg and measured on AP
pelvis radiographs [40]. In addition, late postoperative
radiographs were assessed for nonunion of osteotomy sites,
osteonecrosis, and heterotopic ossification as described by
Brooker et al. [6]. All patients with radiographs available
were reviewed and none were excluded. An orthopaedic
surgeon independent of the treating surgeons (JW)made all
radiographic assessments.

Statistical Analysis

Our analysis focused on the modified Clavien-Dindo
classification variable and we divided them into three
groups according to the grade of complication: 0, 1, and 2
to 4. No Grade 5 complications occurred in our study.
The Clavien-Dindo complication grade was assessed for
each hip and the highest complication grade was assigned
to the hip if multiple complications occurred. We ana-
lyzed this polytomous outcome variable using an ordinal
logistic regression analysis, and we accounted for cor-
relation among hips for patients undergoing bilateral
surgery using a generalized estimating equation (GEE)
approach independent correlation structure. Univariable
analyses assessing the relationship between complica-
tions and sex, age, surgeon experience ($ 75 case days),
BMI, prior surgery, concurrent procedure, and severity of
hip dysplasia were conducted. Variables with significant
(p < 0.05) univariable associations with complication
grade were considered for inclusion in a multivariable
model. A forward selection approach was used to include
variables in the multivariable model, and significant
variables were retained. Outcome variables (mHHS and
WOMAC) at the most recent followup visit were ana-
lyzed using a GEE approach (assuming normal distri-
bution and a compound symmetric correlation structure).
The UCLA Activity Score was considered a patient-level
outcome, and for patients undergoing bilateral surgery,
we only analyzed the UCLA score with the highest
complication grade. An analysis of variance was used to
compare UCLA at the most recent followup among the
Clavien-Dindo complications grades. All analyses were
conducted using SAS, Version 9.4 (SAS Institute Inc,
Cary, NC, USA).

Fig. 1 A flow diagram of the patient population is shown.
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Results

There were 66 hips with complications related to the PAO,
and of those, 48 hips had complications classified as Grade
1, four as Grade 2, 13 as Grade 3, and one as Grade 4.Major
complications as defined as Clavien-Dindo Grade 3/4 oc-
curred in 14 hips (9%) (Table 1). There were five open
reduction of nonunions, three incision and débridement of
hematoma or deep infection, three revision PAOs, one
heterotopic ossification excision, two intraoperative frac-
tures needing open reduction and internal fixation, one
ostectomy, and one residual sciatic nerve damage with
residual foot pain (Table 2). There were no vascular inju-
ries, no acetabular or femoral head osteonecrosis, and no
complications that worsened over time.

Univariable analyses revealed that surgeon experience,
concurrent osteochondroplasty, and labral repair were as-
sociated with decreased odds of complication, whereas
preoperative BMI and age at surgery were associated with
greater odds of a complication. In the multivariable model,
we found that increased BMIwas associated with being in a
higher complication group, and surgeon experience of $
75 days was associated with a decreased risk of being in a
higher complication group. After adjusting for BMI and
surgeon experience, none of the other factors considered
for inclusion in the multivariable model (osteochon-
droplasty, age at surgery, scope/repair/resection) were as-
sociated with complication group and were not retained in
the final multivariable model. In the multivariable model,
for each unit of BMI increase, there was 17% higher odds
of being in a higher complication group (odds ratio [OR],
1.16; 95% confidence interval [CI], 1.05-1.28; p = 0.004;
see Fig. 2 for prediction plot of$ Grade 2). In contrast, 75
case days of experience was associated with a 70% de-
crease in the odds of being in a higher complication group
(OR, 0.3; 95% CI, 0.14-0.64; p = 0.002).

At higher complication grades, patients reported worse
postoperative WOMAC pain subscale scores and worse
UCLA activity levels. Patients who had no complications
reported a higher mean UCLA score compared with
patients who sustained a Grade 1 or higher complication
(pairwise mean differences for Grade 1: -1.26; 95% CI,
-2.05 to -0.48; p = 0.002; for Grade 2 or 3: -1.31; 95% CI,
-2.45 to -0.16; p = 0.026). Also, patients who had no

complications reported lower WOMAC pain scores com-
pared with those who sustained a Grade 2 or higher com-
plication (pairwise mean difference of 2.3; 95% CI,
0.7-3.9; p = 0.005) (Table 3).

Discussion

As PAO is performed more frequently for symptomatic
acetabular dysplasia, it is important to understand the full
scope of complications and whether they are associated
with functional outcomes. This is one of the largest fol-
lowup studies analyzing complications and outcomes after
the Bernese PAO, and to our knowledge, no other studies
have reported a mean 10-year followup of complications
with a standardized grading scheme [21, 32, 38].We aimed

Table 1. Complications according to the modified Clavien-
Dindo grading scheme

Grade Number of hips (n = 66 [43%])

1 48 (31%)

2 4 (3%)

3 13 (8%)

4 1 (0.7%)

Table 2. Total complications

Complications Number

Revision PAO 3

Intraoperative fracture

Posterior column 1

Iliac wing 1

Heterotopic ossification

Class 1 35

Class 2 16

Class 3 2

Class 4 0

Incision and débridement of
hematoma and/or infection

3

Heterotopic ossification excision 1

Prominent superior pubic ramus
requiring ostectomy

1

Nonunion (asymptomatic)

Pubis 7

Ischium 7

Iliac 0

Posterior column 0

Nonunion (symptomatic requiring
ORIF)

Pubis 1

Ischium 1

Iliac 2

Posterior column 1

Nerve injury

Sciatic 1

Femoral* 1

Lateral femoral cutaneous* 5

*Resolved at latest followup (range, 9.7-13.1 years); PAO =
periacetabular osteotomy; ORIF = open reduction and internal
fixation.
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to report the complications that accrue during followup of
PAO, determine preoperative variables that may increase
the likelihood of having a complication, and assess the
effect of complications with that of patient-reported
outcomes.

This study has limitations. First, this retrospective study
represents two surgeons’ learning curves and experience.
The results may not be representative of other surgeons or
centers, which may limit the generalizability of the results,
yet we had clear and consistent indications for PAO over
the study period, and therefore surgeons with comparable
backgrounds who follow these indications might expect
similar results. This group includes the first PAOs done at

our institution, which could overestimate the frequency of
complications, because it has been shown even in highly
trained surgeons, a learning curve may exist [9, 19, 30].
Second, this is a retrospective chart analysis, and although
comprehensive, some complications could have been
missed depending on documentation. This may have
influenced some of the capture of Grade 1 complications,
yet other more serious complications would still be cap-
tured. We also note 22 hips (22 patients [13%]) were lost to
followup and postoperative survivorship and patient-
reported outcomes were not available for these patients.
We evaluated all patients who had at least 4-year minimum
followup to address longer term followup and capture
patients at their 5-year followup appointment and perhaps
other complications have occurred since then. Patients lost
to followup allow for transfer bias and, therefore, these
results represent a best-case scenario; we cannot report the
complications and outcomes in unaccounted for patients.
Another limitation is that most Grade 1 complications have
little if any clinical importance, yet are reported with our
rigorous data collection methodology and grading scheme.
This is why we divided our grading scheme to evaluate
trivial Grade 1 complications separately from other com-
plications that change a patient’s postoperative course.
Hardware removal was not considered a complication.
Next, only postoperative patient-reported outcome meas-
ures were utilized, which limits the efficacy of current
results, because preoperative scores were not evaluated and
although these postoperative patient-reported outcome

Fig. 2 BMI versus probability of a Grade 2 or greater complication is shown. Shaded area
shows 95% CIs.

Table 3. Patient-reported outcomes

Outcome measure
Complications
(three groups) Mean 6 SD p value

mHHS at most recent
followup (0-100)

0 89 6 15 0.085

1 82 6 17

2-4 83 6 16

UCLA score at most
recent followup (1-10)

0 8 6 2 0.003

1 7 6 2

2-4 7 6 2

Most recent WOMAC
pain score raw (0-20)

0 2 6 3 0.020

1 4 6 4

2-4 4 6 5

mHHS = modified Harris hip score.
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measures were statistically significant, we are unsure if
these results would be clinically significant.

We observed major complications in 9% (14 hips) in a
select population of acetabular dysplasia. Zaltz et al. [41]
reported on a prospective multicenter cohort and assessed
the early complications of 205 patients who underwent
PAO by trained PAO surgeons who were considered be-
yond their learning curve. All PAOs regardless of diagnosis
were included. Within the first year of surgery, Zaltz et al.
found a 6% proportion of major complications (Grade 3/4)
but were unable to comment on the long-term con-
sequences of these complications with only 1 year of fol-
lowup. Davey and Santore reported the complications of
their initial 75 PAOs. The patients were divided into two
groups—the initial 35 PAOs and the next 35 PAOs. Al-
though the initial 35 had increased complications, the
overall observed major complication percentage was 10%
[9]. Based on these studies, it appears that our major
complication percentage is similar to these early-term
results and do not seem to increase with time nor is there a
substantial risk of permanent disability for these major
complications.

In the current study, we found an association between
increasing BMI and having a Grade 2 or greater compli-
cation. The odds of a patient developing a complication
were 17% greater for each kg/m2 increase. BMI was treated
as a continuous variable and was not dichotomized or
graded as obese or nonobese.We have shown that although
patients may not be classified as obese (BMI$ 30 kg/m2),
complications may increase with each increased unit of
BMI even in nonobese patients. Novais et al. [28] assessed
the PAO complication risk and determined that obesity was
an independent predictor of having a complication. For
every 5-kg/m2 BMI increase, there was a 3.2 times greater
chance of developing a complication, and patients who
were classified as obese (BMI $ 30 kg/m2) had a 22.3%
increase in complications. Our findings further clarify the
increased risk of complications in patients with a larger
BMI. We have also determined that complications impact
postoperative outcomes. Future studies focusing on more
comprehensive body composition rather than BMI may
help further stratify patients who are at the highest risk for
complications. Not to mention, patients with higher BMIs
would benefit from nutritional evaluation and weight re-
duction before surgery to minimize risk of complications
and optimize postoperative outcomes.

We also found that surgeon experience influences
complications. In the current study, we assessed the
learning curve as a potential variable and we found that 75
case days of experience was associated with a 70% de-
crease in the odds of complication. The concept of the PAO
learning curve is well established [5, 8, 9, 14, 30, 35].
Peters et al. [30] reported on their learning curve and early
experience. Their major complications for 73 patients

undergoing PAO occurred in the first 30 cases. These
results clarify the results of Peters et al. and further estab-
lish the PAO learning curve; further studies should in-
vestigate the impact of focused fellowship PAO training on
the learning curve.

In our group, complications were adversely associated
with pain (WOMAC) and activity (UCLA) scores. Patients
who did not develop complications were more active and
had less pain at most recent followup. Good long-term
outcomes after the Bernese PAO have been reported
[32, 38, 39] yet little is known about the effect of compli-
cations on outcomes. Biedermann et al. [5] reported on 50
patients with a mean followup of 7.4 years and assessed the
association between outcomes and complications. They
reported similar subjective outcome scores, SF-36 and
WOMAC, with patients having a major or minor compli-
cation, except for those patients who had dysesthesia
resulting from lateral femoral cutaneous nerve dysfunction.
Patients who had lateral femoral cutaneous nerve dyses-
thesias had worse WOMAC scores at midterm followup.
We have also verified that having a complication may af-
fect postoperative outcomes, specifically WOMAC pain
and UCLA Activity Score. Future direction should aim at
minimizing complications to enhance longer term patient-
reported outcomes.

In summary, this report is a comprehensive, retrospec-
tive mean 10-year evaluation of all complications associ-
ated with the Bernese PAO using a validated grading
scheme. We report a relatively low percentage of compli-
cations. Increasing BMI and limited surgeon experience
were associated with a greater complication risk and higher
grade complications were associated with poorerWOMAC
pain and UCLA Activity Scores. Complications do not
appear to increase over time, and at long-term followup, the
chance of permanent disability from a complication in our
series was rare. To minimize complications and maximize
outcomes, BMI should be assessed preoperatively and
those patients with excessive BMI should be counseled on
the increased risk of complications. In an experienced
surgeon’s hands, PAO has few complications at mean 10-
year followup and a low chance of permanent disability.
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