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Abstract
Background Bernese periacetabular osteotomy (PAO) is
a technically challenging procedure with potential risk for
major complications and a previously reported steep
learning curve. However, the impact of contemporary hip
preservation fellowships on the learning curve of PAO has
not been established.
Questions/purposes (1) What was the frequency of major
complications during the PAO learning curve of two surgeons who recently graduated from hip preservation
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fellowships? (2) Is increasing level of experience associated with the risk of a complication and with operative
time, a possible surrogate measure of surgical
performance?
Methods We retrospectively studied 81 PAOs performed
by one of two surgeons who recently graduated from a hip
preservation fellowship during their first 4 years of practice
in two institutions. One of the surgeons participated as a
fellow in 78 PAOs with an increasing level of responsibility during the course of 1 full year. The other surgeon
performed 41 PAOs as a fellow during 6 months, also with
an increasing level of responsibility during that time. There
were 68 (84%) female and 13 (16%) male patients (mean
age, 18 years; range, 10–36 years). The frequency of
complications was recorded early and at 1 year after surgery and graded according to a validated classification
system describing five grades of complications. Complications that required surgical intervention (Grade III) and
life-threatening complications (Grade IV) were considered
major complications. Persistent pain after surgery,
although considered a failure of PAO, was not considered a
surgical complication as a result of the multifactorial etiology of pain after hip-preserving surgery. However, early
reoperation and revision surgery were counted as complications. To evaluate the association between increasing
level of experience and the occurrence of complications,
we divided each surgeon’s experience into his first 20
procedures (initial interval) and his second 20 (experienced
interval) to test whether the incidence of complications or
operative time was different between the two intervals.
Because the association between experience and the likelihood of a complication was estimated to be consistent
between the two surgeons, the analysis was performed with
data pooled from the two surgeons. To test whether there
was a difference in the likelihood of a complication in the
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initial and the experienced intervals, a multivariate logistic
regression analysis was performed and the adjusted risk of
a complication between the two intervals was calculated.
Linear regression analyses were used to test the association
between surgeon level of experience and operative time.
Results The overall incidence of major (Grade III or
Grade IV) complications was 6% (95% confidence interval
[CI], 2%–14%). These included deep infection (3% [three
of 81]), intraoperative posterior column fracture (1% [one
of 81]), and pulmonary embolism (1% [one of 81]). With
the numbers available, the risk of a complication did not
decrease with increasing surgeon experience. After controlling for body mass index and surgeon, the frequency of
a complication did not decrease in the experienced interval
relative to the initial interval (odds ratio, 0.78; 95% CI,
0.25–2.4; p = 0.6623). The adjusted risk difference
between the experienced interval relative and the initial
interval was 6% (95% CI, 11% to 23%). When experience was modeled as a continuous variable (number of
PAOs performed), increasing experience was not associated with a lower likelihood of a complication (odds ratio
per one PAO increase in experience, 0.99; 95% CI, 0.94–
1.04; p = 0.5478). However, after adjusting for body mass
index and surgeon, increased experience was associated
with a reduction in operative time (slope [change in log
operative time per one procedure increase in experience],
0.005; 95% CI, 0.009 to 0.0005; p = 0.0292). For
every one additional PAO increase in experience, there was
a 0.45% decrease in operative time (95% CI, 0.05%–0.86%
decrease].
Conclusions With a case exposure greater than 40 PAOs
and progressive surgical responsibility during contemporary structured training, two young surgeons were able to
perform PAO with a low risk of complications. However,
even with that surgical experience before independent
practice, surgical time decreased over the first 40 PAOs
they performed independently. Our data may help guide
orthopaedic residency and hip preservation fellowship
programs in establishing training requirements and
assessing competency in PAO.
Level of Evidence Level III, therapeutic study.

Introduction
Since its description in 1988 [10], the Bernese periacetabular
osteotomy (PAO) has become one of the most accepted
surgical treatments for symptomatic hip dysplasia [5, 24].
The Bernese PAO, however, is a technically challenging
procedure with a historical proportion of major complications reported between 4% and 46% [3, 6–8, 12, 24–28].
Although few patient risk factors [16–18, 21, 25] have been
described, the surgeon’s experience has been reported as the
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leading factor associated with PAO complications [6]. Several studies have shown an inverse relationship between
complication risk and surgeon experience [8, 10, 12, 20,
26, 27]. One study [12] reviewed over 508 osteotomies
performed by the originator of the technique and found that
85% of the technical complications occurred during the first
50 procedures, suggesting an important learning curve
associated with PAO.
Nevertheless, contemporary studies have described PAO
as a safe procedure with a low incidence of major complications when performed by experienced surgeons
[25, 28]. A recent study reported a 6% risk of major
complications in 205 patients undergoing PAO by a group
of 10 surgeons with an average of 9 years (range, 1–37
years) of experience [28]. However, there is little evidence
about length and type of training necessary to achieve this
level of expertise.
Therefore, in this study we asked: (1) What was the frequency of major complications during the PAO learning
curve of two surgeons who recently graduated from hip
preservation fellowships? (2) Is increasing level of experience
associated with the risk of a complication and with operative
time, a possible surrogate measure of surgical performance?

Materials and Methods
After obtaining institutional review board approval from
two centers, a retrospective study was designed to collect
data from all patients who underwent PAO between
October 2009 and December 2014. This study includes the
first consecutive osteotomies performed by each of two
surgeons (ENN, WNS) during their first 4 years of independent practice. The study consisted of 81 patients (mean
age, 18 years; range, 10–36 years), 43 (53%) from Surgeon
1 and 38 (47%) from Surgeon 2. Surgeon 1 participated as
a fellow in 78 PAOs with increasing level of responsibility
during the course of 1 full year. Surgeon 2 performed 41
PAOs as a fellow during 6 months, also with an increasing
level of responsibility during that time. Both surgeons
attended an organized, structured hip preservation fellowship program in an institution that has more than 20 years
of experience in PAO. The fellowship was organized in
such a way that the fellows rotated with two orthopaedic
surgeons who specialized in hip preservation procedures.
Before attending the hip preservation fellowship, both
Surgeon 1 and Surgeon 2 completed a year of pediatric
fellowship training after orthopaedic surgery residency. In
addition, Surgeon 1 had additional surgical experience in a
1-year fellowship in musculoskeletal oncology and Surgeon 2 had additional experience in an infantile hip
dysplasia fellowship for a 6-month period.
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Preoperative variables including age, gender, body mass
index, and secondary diagnosis were recorded from medical records. The lateral center-edge angle, the acetabular
inclination angle, and the anterior center-edge angle were
assessed on radiographs. Most hips (98% [79 of 81]) were
affected by developmental dysplasia. Acetabular retroversion leading to femoroacetabular impingement was the
diagnosis in two hips (3%). Secondary diagnoses included
osteonecrosis of the femoral head (two of 81 [3%]),
arthrogryposis (two of 81 [3%]), Down syndrome (two of
81 [3%]), Charcot-Marie-Tooth disease (one of 81 [1.2%]),
cerebral palsy (one of 81 [1.2%]), unspecified chromosomal abnormality (one of 81 [1.2%]), and polymyositis (one
of 81 [1.2%]). Operative records were reviewed for collection of operative time, defined as skin incision to
completion of skin closure, and secondary procedures
performed in combination with PAO (Table 1).
The PAO was performed according to the technique described by Ganz et al. [10] through a Smith-Petersen
modified bikini approach with preservation of the abductor
musculature [14]. In 38 of the 81 patients (47%), the origin of
the rectus femoris tendon was preserved [15]. Briefly, the
ischium was cut at the infracotyloid groove under C-arm
visualization followed by osteotomy of the superior pubic
ramus medial to the iliopectineal eminence. Next, with an
oscillating saw a supraacetabular osteotomy was performed.
The posterior column was then cut midway between the joint
and the sciatic notch. Finally the fragment was mobilized,
freed, and repositioned. The acetabular fragment was fixed
with three to four 3.5-mm or 4.5-mm screws after appropriate
correction was confirmed by intraoperative fluoroscopy. All
patients received preoperative antibiotic prophylaxis that

continued for 24 hours after surgery. Postoperatively,
patients were placed on crutches with restricted partial
weightbearing for 6 to 8 weeks until early radiographic signs
of healing were observed. For the purpose of this study, early
complications were recorded during the 6-week postoperative visit for Surgeon 1 and 8 weeks for Surgeon 2. The
frequency of subsequent followup visits varied by center, but
patients of both surgeons returned at 1 year for a postoperative appointment.
The primary outcome variable of interest was the occurrence of complications during the first year after surgery.
Complications that occurred\10 weeks after surgery were
considered early complications. Complications that occurred between the 10-week and the 1-year followup visits were
considered late complications. Complications were graded
according to an adaptation of the Clavien-Dindo [4, 9]
grading system, which has been validated in hip preservation
surgery [23]. According to this system, a Grade I complication does not lead to a change in routine postoperative care
and requires no further treatment. A Grade II complication is
a deviation from the postoperative course requiring outpatient pharmacologic treatment or close monitoring. Grade III
complications require invasive surgical, endoscopic, or
radiographic treatment often on an inpatient basis. Grade IV
complications are life-threatening events or not treatable and
associated with high morbidity and potential for permanent
disability. A Grade V complication is death. In this study, a
major complication was defined as Grade III or higher. Each
complication was analyzed individually; thus, multiple
complications could be recorded for one patient. For the
purpose of the study, persistent pain after PAO was not
considered a surgical complication of the procedure. The

Table 1. Comparison of demographics and clinical characteristics during the initial interval and the experienced interval
Demographics and clinical characteristics

Initial interval
(N = 40)

Experienced interval
(N = 41)

p value

Gender, number (%)
Male

7 (17%)

6 (15%)

33 (82%)

35 (85%)

None

19 (47%)

24 (58%)

Multiple

21 (52%)

17 (41%)

35 (87%)

34 (83%)

5 (12%)

7 (17%)

6 (± 12)

6 (± 13)

Female

0.770

Number of prior procedures, number (%)
0.320

Secondary diagnosis, number (%)
One or more secondary diagnoses
No secondary diagnoses
Baseline LCEA (degrees), mean (SD)
Baseline Tönnis angle (degrees), mean (SD)
Baseline ACEA angle (degrees), mean (SD)

20 (± 8)
5 (± 21)

22 (± 9)
4 (± 14)

0.562
0.905
0.306
0.801

BMI (kg/m2), mean (SD)

24 (± 4)

22 (± 5)

0.087

Age (years), mean (SD)

18 (± 5)

18 (± 6)

0.905

LCEA = lateral center-edge angle; ACEA = anterior center-edge angle; BMI = body mass index.
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etiology of persistent pain after PAO is multifactorial, and it
has therefore typically been reported as treatment failure
rather than as a surgical-related complication [28]. Because
persistent pain may lead to further operative interventions,
early reoperation and revision were counted as
complications.

Statistical Analysis
The incidence of major complications (Grades III and IV)
in the cohort was recorded. Exact 95% confidence intervals
were used to express the variability in the incidence estimate. To evaluate the association between increasing level
of experience and overall complication risk, we divided
each surgeon’s experience into his first 20 procedures
(initial interval) and his second 20 procedures (experienced
interval). To determine whether data from the two surgeons
could be pooled together, we tested whether the association
between experience (cumulative number of PAOs performed by the treating surgeon before that procedure) and
overall complication risk was different across the two
surgeons. The association between experience and the
likelihood of a complication was consistent across surgeons
(p = 0.8860; Fig. 1) and thus we concluded it was appropriate to pool data from the two surgeons. A multivariable
logistic regression analysis was used to test the null
hypothesis of no difference in the likelihood of a

Fig. 1 Association between experience and the likelihood of a
complication is described as odds ratio per one PAO increase in
experience. To determine whether data from the two surgeons could
be pooled together, we tested whether the association between
experience (cumulative number of PAOs performed by the treating
surgeon before that procedure) and overall complication risk was
different across the two surgeons. The association between experience
and the likelihood of a complication was consistent across surgeons
(p = 0.8860) and thus we concluded it was appropriate to pool data
from the two surgeons.
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complication in the two intervals. To aid the interpretation,
the adjusted risk difference between the two intervals was
calculated according to the methods described by Austin
[2]. A linear regression analysis was used to test the
association between surgeon level of experience and
operative time. Based on the skewed distribution of operative time, log transformation was applied to this variable.
Differences in demographics and clinical characteristics
between the initial interval and the experienced interval
were used to identify potential confounding variables that
were included in the multivariable models (Table 1). Surgeon was also adjusted for in the multivariable models as a
potential surrogate measure of institutional-specific factors
that were not directly measured in the current study.

Results
Major (Grade III or Grade IV) complications occurred in
6% (95% confidence interval [CI], 2%–14%) of all
patients. There were no deaths (Grade V). All Grade III and
Grade IV complications occurred between 0 and 10 weeks
after surgery. These included deep infection (3% [three of
81]), intraoperative posterior column fracture (1.2% [one
of 81]), and pulmonary embolism (1.2% [one of 81]). The
three cases of deep infection may have been related to long
surgical procedure time because the median operative time
was 320 minutes. The one posterior column fracture in the
series occurred intraoperatively on the second strike of the
ischial osteotomy when a crack propagated above the
ischial spine. The fracture was nondisplaced; however, the
PAO was halted and the definitive procedure was performed later during the same hospitalization after further
imaging identified a nondisplaced fracture. One large
wound dehiscence was managed with irrigation and surgical débridement in combination with negative pressure
wound therapy. No major complications (0% [zero of 81])
occurred between the 10th postoperative week and 1 year
postoperatively (Table 2). At 1 year postoperatively, there
was no disability related to the complications that had
resolved completely.
With the numbers available, the risk of a complication
did not decrease with increasing surgeon experience. After
adjusting for body mass index and surgeon, the odds of a
complication did not decrease in the experienced interval
(last 20 PAOs) relative to the initial interval (first 20 PAOs;
odds ratio, 0.78; 95% CI, 0.25–2.40; p = 0.6623). The
adjusted risk difference between the experienced interval
relative to the initial interval was 5.9% (95% CI, 11.2%
to 23.1%). When experience was modeled as a continuous
variable (number of PAOs performed), increased experience was not associated with a decrease in the likelihood of
a complication (odds ratio per one PAO increase in
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Table 2. Description, severity level, and management of all complications
Description

Number Clavien-Dindo Management
modified grade

Early complications (0–10 weeks)
Pulmonary embolism

1

4

Anticoagulant medication

Deep infection

2

3

Incision and drainage + antibiotics

Intraoperative nondisplaced posterior column fracture

1

3

PAO performed as a staged procedure +
additional weightbearing restrictions

Wound dehiscence

1

3

Débridement + negative pressure wound
therapy

Neurapraxia of the motor branch of the deep peroneal nerve related to 1
a pressure injury to the fibular head area by compression stockings

2

Peroneal nerve dysesthesia*

1

2

Monitoring and followup to the extensor
hallux longus, which recovered
completely
Pharmacologic treatment (gabapentin)

Left inferior pubic ramus stress fracture

1

2

Crutches for 4 weeks

Calf pain

1

1

Doppler to assess for DVT, which was
negative

Wound dehiscence

1

1

None; secondary wound healing

Late complications (10 weeks to 12 months)
Psoas tenosynovitis/snapping

1

2

NSAIDs and physical therapy

Lateral femoral cutaneous nerve dysesthesia

1

2

Heterotopic ossification–Brooker Grade II

7

1

Pharmacologic treatment + lidocaine
patches
None

* Peroneal nerve dysesthesia developed as pain and tingling on the dorsal aspect of the foot of a 13-year-old girl with arthrogryposis and multiple
previous surgeries on her foot, including application of an external fixator; this patient had always experienced pain in her foot that was thought
to be worsened for the first 2 months after PAO; PAO = periacetabular osteotomy; DVT = deep vein thrombosis; NSAIDs = nonsteroidal
antiinflammatory drugs.

experience, 0.99; 95% CI, 0.94–1.04; p = 0.5478). However, as surgeon experience increased, surgical time
decreased. Median operative time was 320 minutes (interquartile range, 252–333 minutes) in the initial interval
compared with 228 minutes (interquartile range, 279–366
minutes) in the experienced interval. After adjusting for
body mass index and surgeon, there was an inverse association between increased experience and operative time
(slope [change in log operative time per one PAO increase
in experience], 0.0045; 95% CI, 0.0086 to 0.0005;
p = 0.0292). For every one PAO increase in experience,
there was a 0.45% decrease in operative time (95% CI,
0.05%–0.86% decrease; Fig. 2).
Fig. 2 Operative time during the study period and experience of the
surgeon are presented.

Discussion
The Bernese PAO is a technically challenging procedure
that has gained popularity for the treatment of acetabular
dysplasia. The ideal method of training an orthopaedic
surgeon to perform PAO has not been established. Training
obtained during orthopaedic residency may not be sufficient [19]; therefore, other learning strategies including
visiting high-volume hip centers, attending specialty society courses, and practicing the procedure on cadavers have

123

been described [7, 8, 19, 20, 25]. Currently, there are few
structured fellowship programs in hip preservation surgery
[19]. Previous studies [8, 10, 12, 20, 27] have reported a
higher incidence of complications during the first PAOs;
however, there are limited data about the learning curve of
PAO after contemporary structured training. In this study,
we reviewed the PAOs performed by two young surgeons
with fellowship training in both pediatric orthopaedic and
hip preservation surgery during their first 4 years of
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practice. We found that with a case exposure greater than
40 PAOs and progressive surgical responsibility during
training, the two young surgeons were able to perform
PAO with a relatively low risk of complications. However,
even with that surgical experience before independent
practice, surgical time decreased over the first 40 PAOs
they performed independently.
This study has several limitations, all of which could
cause our results to be best-case estimates of the effect of
fellowship training on the learning curve associated with
PAO. Indeed, because of these limitations, the learning curve
may be longer than our study estimates it to be. First, we did
not gather patient-reported outcomes consistently in these
patients and so we could not report them here. It is possible
that the earlier patients did not do as well as the later ones.
Also, in this study, we did not include persistent pain after
surgery as a complication, in line with a previous study [28].
However, we did not have any patients undergo revision
surgery because of residual pain and failure of PAO in the
short term. Second, we do not present the radiographic
accuracy of the osteotomy correction. Acetabular repositioning is a key factor that influences the outcome of PAO;
however, the clinical effects of poor positioning may not be
detected in the short term [1, 13]. It is possible that longer
followup of these patients could reveal that surgeon experience influences acetabular positioning and therefore may be
a key factor in poor clinical outcomes including residual pain
and early degenerative joint disease. We did not report on
patient-reported outcomes and radiographic correction
because this study was purposely designed to assess surgical
complications associated with PAO and not necessarily the
efficacy of the procedure.
The retrospective nature of this study design may have
also led to an underestimate of the incidence of complications. However, this was a consecutive series including
all the patients who underwent surgery during the study
period who were consistently seen at an early clinic visit
and at least at 1 year after surgery without any loss to
followup. Therefore, we believe that all of the major
complications affecting patients in this cohort were collected. It is possible, however, that minor complications
such as dysesthesia of the lateral femoral cutaneous nerve
could be underreported. It is also possible that some
complications were influenced by patient-specific factors
such as the occurrence of thromboembolism after surgery.
However, we believe that by using a validated grading
system to classify all the complications, there is consistency in our methodology, which allows comparison of our
data to previous studies on this topic [8, 28]. Fourth, we did
not investigate the experience of the surgical team and
support nursing staff as a potential risk factor for increased
risk of complications. We feel that this would require a
prospective controlled study design. Finally, the two
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surgeons in this study completed a residency program,
additional training in a formal pediatric orthopaedics fellowship, and a hip preservation fellowship. Therefore, we
caution that the results of our study may not be generalizable to all young orthopaedic surgeons with different
training background.
In this study, the frequency of major complications
during the first independent 40 PAO cases performed by
the two surgeons during their first 4 years in practice was
6%. This is a lower complication rate than previous studies
reporting a learning curve associated with PAO surgery.
Davey and Santore [8] compared the first 35 PAO cases
with the second 35 cases executed by a single surgeon who
had prepared for the first PAO by visiting two sites and
performed 19 cadaveric procedures during the first year.
The surgeon also had extensive experience with other
pelvic and femoral procedures. They observed a reduction
of moderate and major complications from 46% to 14% in
the early versus late series. Major complication incidence
decreased from 17% to 3%. Peters et al. [20] reported on
the first 73 patients (83 hips) who underwent PAO by a
single surgeon who had experience with pelvic anatomy
and learned the PAO technique by assisting an experienced
surgeon, by performing cadaveric surgery four times, and
by visiting one of the originators of the operation. Nine of
the first 30 hips (30%) developed a major complication
compared with 2% in the subsequent 53 hips. Trumble
et al. [27] reported a 20% rate of major complications,
which occurred early in a series of 123 osteotomies performed using an ilioinguinal approach. Crockarell et al. [7]
reported a total of 13 (two peroneal nerve palsies, three
fractures of the ischium, three asymptomatic pubic nonunions, and five cases of heterotopic ossification)
complications in the first 21 cases for an overall incidence
of 60%. Howie et al. [11] published one of the few studies
specifically investigating training and the learning curve
associated with PAO. During a 12-year study period, the
authors reported on 14 patients (15 hips) who underwent
PAO through a single approach and described a mentorship
program including visits with the originator of the procedure, cadaveric training, and discussion of all the cases
with a mentor. They reported two (13%) major complications (one ischium nonunion and one temporary femoral
nerve palsy) in their series.
Contrary to these previous studies, we found a risk of
major complications during the first year after PAO similar
to incidence estimates associated with experienced surgeons [28]. Zaltz et al. evaluated the complication risk in
205 patients who underwent PAO performed by a group of
10 surgeons who had an average of 9 years of experience
with PAO. They reported a 6% risk of major complications, similar to the rate of complications reported in the
current study [28]. In our study, although deep infections
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and one pulmonary embolus did occur, there were no
permanent nerve injuries, intraarticular extensions of the
osteotomy, loss of fixation, or displaced posterior column
fractures from errors in technique. The one posterior column fracture in the series was nondisplaced and occurred
on the second strike of the ischial osteotomy when a crack
propagated above the ischial spine.
In the present study, the risk of a complication did not
decrease with increasing surgeon experience. It is possible
that the time spent in postresidency training, including a
hip preservation fellowship with graduated levels of
responsibility during PAO, allowed the two surgeons to
experience a portion of the learning curve under direct
supervision. Thawrani et al. reported a similar proportion
of complications during their initial 42 PAOs compared
with the later 41 PAOs. The surgeons in that study [25]
accumulated experience with PAO by scrubbing as first
assistant during residency and by visiting with the originator of the technique. However, we did find an inverse
relationship between experience (number of PAO procedures performed) and operative time, a possible surrogate
measure of surgical performance and learning curve [22].
This is consistent with the study by Davey and Santore [8]
that reported a statistically significant reduction in surgical
time from 3 hours 48 minutes to 3 hours 24 minutes.
Improvement in operative time, however, may not only
reflect the surgeon’s performance, but may be a result of
the entire surgical staff gaining experience with the
procedure.
In conclusion, the incidence of major complications for
young surgeons with formal structured hip preservation
fellowship training was similar during the initial interval
(first 20 PAOs) relative to the experienced interval (next 20
PAOs). Although the optimal method of training an
orthopaedic surgeon for this complex surgical procedure
has not been established, this study suggests that with a
case exposure greater than 40 and progressive surgical
responsibility during training, two young surgeons were
able to perform PAO with a relatively low risk of complications. However, even with that surgical experience
before independent practice, surgical time decreased over
the first 40 PAOs they performed independently. Our data
may help guide orthopaedic residency and hip preservation
fellowship programs as they establish training requirements
and assess competency in PAO.
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