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Abstract

Background The early recovery period after periacetab-
ular osteotomy (PAO) can be limited by pain and activity
restrictions. Modifications of the Bernese PAO, including
sparing the rectus tendon and discontinuing routine
arthrotomy, may accelerate early postoperative recovery
compared with the standard approach.

Questions/purposes Does a modified approach for PAO
(1) lead to improved pain control immediately after sur-
gery; (2) lead to improved ambulation during the hospital
stay; (3) lead to shorter stays, less blood loss, and shorter
surgical times; and (4) compromise acetabular correction?
Methods We retrospectively reviewed all 75 patients who
underwent PAO for developmental dysplasia of the hip
between August 2009 and May 2013. The control group
included 44 consecutive patients who underwent a standard
Bernese PAO with rectus takedown (RT). The study group
consisted of 31 consecutive patients who underwent PAO
using a modified rectus-sparing (RS) approach without
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routine arthrotomy. The groups were similar in age, body
mass index, and American Society of Anesthesiologists
score, but the RT group was comprised of a greater per-
centage of men than the RS group. Outcome variables were
collected from patient charts and included inpatient pain,
inpatient ambulation as well as length of stay, estimated
blood loss, surgical time, and postoperative radiographic
measurements. Cohen’s > was used to calculate the effect
size in the regression analysis and effects were considered
small for values < 0.15, moderate for 0.15 to 0.34, and
large for values > 0.35.

Results  Patients who underwent PAO with a RS approach
had less overall pain (RT median 4 versus RS median 2);
however, the difference may not have been perceptible to
the typical patient (p = 0.001, f = 0.059). Patients treated
with the RS approach ambulated similar distances during
the hospital stay with a median 11 feet (interquartile range
[IQR], 0-72.5) for the RT group and a median 30 feet
(IQR, 0-100) for the RS group (p = 0.215, f* = 0.095).
Patients in the RT group had a median length of stay of 4
days (IQR, 4-5) compared with a median 3 days (IQR,
3-4) in the RS group (p < 0.001). The median estimated
blood loss was greater (p = 0.010) in the RT group
(median, 500 mL; IQR, 350-700) versus the RS group
(median, 300; IQR, 250-500). The median surgical time
was longer (p < 0.001) in patients undergoing PAO with
the RT approach (median, 159.5 minutes; IQR, 145.5-177)
compared with the RS approach (median, 103 minutes;
IQR, 75-114). Acetabular reorientation based on postop-
erative radiographs was not compromised by the modified
approach.

Conclusions The approach modification was straightfor-
ward to implement in all patients and did not compromise
acetabular fragment mobilization or final positioning. Two
of the three key variables that the approach might have
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influenced—pain and length of stay—were below the mini-
mum clinically important difference and different by only a
fraction of a day, respectively. The difference in ambula-
tion was of only modest clinical importance. More
definitive evidence for clinical superiority in terms of pain,
ambulation, and return of muscle function will likely
require more sophisticated instruments such as gait ana-
lysis, muscle strength testing, and longer-term outcome
studies with sensitive instruments.

Level of Evidence Level III, therapeutic study. See
Instructions for Authors for a complete description of
levels of evidence.

Introduction

The Bernese periacetabular osteotomy (PAO) was first
described by Ganz et al. [8] in the 1980s and has become
the preferred method of surgical treatment of develop-
mental dysplasia of the hip (DDH) in adult patients in
North America and Europe [8, 11, 13, 22, 24, 25]. The
standard Bernese PAO includes takedown of the direct and
indirect heads of the rectus tendon and allows an anterior
capsulotomy to address chondrolabral lesions and femoral
head-neck offset issues [9, 18]. Although this approach
facilitates surgical objectives, early recovery is often lim-
ited by pain and symptom-based activity modulation as
well as surgeon-based restrictions.

Rationale

Recent studies have described alternative approaches to the
Bernese PAO in the hopes of decreasing complications,
surgical time, surgical trauma, estimated blood loss, and
length of stay (LOS) while maintaining the ability to
reorient the acetabulum [2, 14, 19, 23]. Based on these
reports, we began modifying the standard Bernese PAO
with a rectus femoris-sparing surgical approach without
arthrotomy for PAO in 2012. We hypothesized that this
approach might improve early recovery.

Study Questions

We sought to answer the following questions: does this
modified approach for PAO (1) lead to improved pain
control immediately after surgery; (2) lead to improved
ambulation during the hospital stay; (3) lead to shorter
stays, less blood loss, and shorter surgical times; and (4)
compromise acetabular correction as judged by radio-
graphic measurements?

Patients and Methods
Study Design and Setting

After receiving an exemption from our institutional review
board, we performed a retrospective comparative analysis
on all 75 patients who underwent PAO for DDH at a major
academic medical center from August 2009 to May 2013.

Participants/Study Subjects

Patients were included in this study if they had undergone
surgery with either a standard Bernese PAO with rectus
takedown (RT) or a modified rectus-sparing (RS) approach
without routine arthrotomy. There were no exclusions. The
RT group consisted of 44 consecutive patients from August
2009 to May 2012 who underwent standard Bernese PAO
with rectus takedown. In June 2012, a modification of the
standard approach was incorporated into the surgical pro-
tocol and consisted of sparing the rectus tendon and the
discontinuation of routine arthrotomy. The RS group con-
sisted of 31 consecutive patients and included all hips that
underwent a modified RS PAO from June 2012 to May
2013. General indications for PAO were similar in both
groups and included failure of conservative management
with radiographic evidence of dysplasia (lateral center-
edge angle < 20°) without significant osteoarthritis (Tonnis
grade < 2) and physical examination findings consistent
with diagnosis.

Description of Experiment, Treatment, or Surgery

The standard RT approach was performed following pre-
viously described techniques [5, 8, 16]. After performing
an osteotomy of the anterosuperior iliac spine (ASIS) with
the sartorius and abdominal muscles attached, it is retracted
medially and then the approach is extended distally
between the tensor fascia latae and sartorius. Once down on
the AIIS, the direct head of the rectus is elevated from the
AIIS with electrocautery and tagged with a nonabsorbable
suture; traction on the rectus tendon and cautery are used to
completely remove both the direct and indirect heads of the
rectus from the anterior hip capsule (Fig. 1). A second
suture is placed in the indirect head for later repair. After
rotation and fixation of the PAO fragment, a T-shaped
anterior arthrotomy is made allowing intraarticular
inspection and treatment of pathology. Thereafter, the
capsule is closed with absorbable suture. With the hip
flexed 45°, the direct and indirect heads of the rectus ten-
don are repaired to bone through a drill hole in the AIIS.
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Fig. 1 Diagram illustrates the standard Bernese PAO approach with
the takedown of the rectus tendon from the AIIS followed by
exposure (area in black) of the anterior hip capsule. TFL = tensor
fascia latae.

The RS approach without routine arthrotomy, not pre-
viously described, was performed according to the
following. After the previously described ASIS osteotomy
and tensor fascia latae/sartorius interval is developed,
exposure is then continued medial to the rectus; the interval
between the rectus and iliacus is developed followed by
retracting the iliopsoas tendon medially for exposure of the
medial hip capsule, ischium, and the superior pubic ramus
(Fig. 2). Then the interval between the inferomedial cap-
sule and iliopsoas is bluntly developed to allow placement
of the angled osteotome for the ischial osteotomy. If
arthrotomy is warranted for chondrolabral pathology or to
improve head-neck offset, the interval can be developed
between the lateral side of the rectus and tensor fascia
latae.

Description of Followup Routine

As part of our multimodal pain management pathway, we
used an epidural placed preoperatively, which remained in
place until the morning of the second postoperative day.
Our standard multimodal oral medication regimen con-
sisted of celecoxib, oxycontin, and pregabalin along with
parenteral narcotics for breakthrough pain. All patients
were mobilized with experienced musculoskeletal physical
therapists beginning on postoperative day 1. There were no
changes in the inpatient physical therapy protocol between
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Fig. 2 Diagram illustrates the modified approach sparing the rectus
tendon by developing a smaller window (area in black) between the
iliopsoas and the rectus muscles. TFL = tensor fascia latae.

the RT and RS groups, and in general, therapists were
unaware of the change in surgical approach. However,
anecdotally the therapists reported improved inpatient pain
and ambulation after the modified approach was initiated.

Variables, Outcome Measures, Data Sources, and Bias

We reviewed the patient charts for outcome variables
including pain scores, 0 to 10 numeric pain scale measured
by the physical therapists, and distance walked in feet with
physical therapy during postoperative days (POD) 1
through 3, LOS, estimated blood loss (EBL), and surgical
time in minutes. Radiographically, the use of the center-
edge angle with at least one other measurement, including
the acetabular index, has been recommended to accurately
assess dysplasia in young adults [15]. Thus, pre- and
postoperative radiographs were measured as previously
described [1, 6, 16] for the acetabular index, lateral center-
edge angle (LCEA), anterior center-edge angle (ACEA),
and Tonnis Grade of Osteoarthritis by an experienced cli-
nician other than the operating surgeon (JAE). The
reproducibility of these measures has been demonstrated as
adequate to excellent in the literature [1, 3, 4, 10, 12, 21].
The postoperative correction goals were defined as an
acetabular index of 0° to 10° and center-edge angles (lat-
eral and anterior) of 20° to 35° and remained consistent
throughout the study.



Volume 473, Number 2, February 2015

Rectus-sparing PAO Improves Perioperative Outcomes 611

Statistical Analysis and Study Size

Demographics and clinical variables were analyzed using
the Wilcoxon Mann-Whitney test between the groups (RT
versus RS) as a result of the nonparametric nature of the
data. The effect size for the Wilcoxon Mann-Whitney test
was calculated using the formula r = z/sqrt(N) [7]. Values
less than 0.1 were considered small, 0.1 to 0.49 medium,
and > 0.50 were considered large. Binary data were ana-
lyzed using chi square analysis or Fisher’s exact test when
appropriate. A multivariable mixed effects regression
analysis was used to compare distance walked and pain
scores between the groups on POD 1 to 3 while controlling
for age and sex. Cohen’s f> was used to calculate the effect
size in the regression analysis and effects were considered
small for values < 0.15, moderate for 0.15 to 0.34, and
large for values > 0.35 [17]. Simple logistic regression was
used to allow for the reporting of odds ratios. Values less
than or equal to p = 0.05 were considered statistically
significant. Data are presented as median and interquartile
ranges (IQRs) for continuous data and proportions for
binary data.

Demographics and Description of Study Population

The groups consisted of two separate and successive series
of patients who were similar in age, body mass index, and
American Society of Anesthesiologists score; however,
there were more men in the RT group despite no specific
selection process (Table 1). The preoperative radiographs
revealed a lesser degree of dysplasia (p = 0.001, r = 0.37)
as measured by the LCEA in the RT group (median, 16°;
IQR, 11.5°-21°) compared with the RS group (median,
10°; IQR, 3°-15°). This is likely the result of the presence
of 11 retroverted hips in the RT group compared with zero
retroverted hips in the RS group (p = 0.012). The RT
group had a lower rate (p < 0.001, r = —0.45) of preop-
erative osteoarthritis changes with a median TOnnis grade
of 0 IQR, 0-0) compared with a median of 1 (IQR, 0-1) in
the RT group.

Table 1. Patient and preoperative radiographic characteristics

Results

Patients who underwent PAO with a RS approach had less
overall inpatient pain (RT median 4, IQR 2-5 versus RS
median 2, IQR 1-4, p = 0.001, 2= 0.059); however, this
difference was probably not perceptible to the patients
(Fig. 3). With the numbers available, patients treated with
the RS approach had similar distances in ambulation (POD
1-3) during the hospital stay with a median ambulation of
11 feet (IQR, 0-72.5) for the RT group and a median of 30
feet (IQR, 0-100) for the RS group (p = 0.215,
2 = 0.095; Table 2; Fig. 4).

Patients in the RT group had a median LOS of 4 days
(IQR, 4-5) compared with a median of 3 days (IQR, 3—4)
in the RS group (p < 0.001, r = 0.45). The median EBL
was greater (p = 0.010, r = 0.30) in the RT group (med-
ian, 500 mL; IQR, 350-700) versus the RS group (median,
300 mL; IQR, 250-500). The median surgical time was
longer (p < 0.001, r = 0.48) in patients undergoing PAO
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Fig. 3 Line graph demonstrates the difference in pain scores between
the groups.

Patient characteristics Rectus takedown (n = 44) Rectus sparing (n = 31) p value
Age (years), median (IQR) 23 (18.5-30) 25 (18-31) 0.775
Sex, number (%)
Male 16 (36) 4 (13) 0.033
Female 28 (64) 27 (87)
BMI (kg/m?), median (IQR) 23.9 (21.6-27.3) 23.0 (20.1-26.8) 0.186
ASA, median (IQR) 1 (1-2) 1(1-2) 0.881

IQR = interquartile range; BMI = body mass index; ASA = American Society of Anesthesiologists.
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Table 2. Median (IQR) of the distance ambulated on POD 1-3 between the groups

Periacetabular osteotomy modification POD 1 POD 2 POD 3 Overall p value
Rectus takedown 0 (0-3.5) 20 (0-45) 77.5 (25-122.5) 11 (0-72.5) 0.215
Rectus sparing 0 (0-15) 40 (8-75) 95 (45-150) 30 (0-100)

IQR = interquartile range; POD = postoperative day.
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Fig. 4 Line graph demonstrates distance ambulated between the
groups.

with the RT approach (median, 159.5 minutes; IQR,
145.5-177) compared with the RS approach (median,
103 minutes; IQR, 75-114).

Postoperative radiographic measurements confirmed
that there was no compromise with the RS technique in
obtaining satisfactory acetabular fragment correction; the
“goal” coverage was noted in the same or more patients
using the modified RS technique (Table 3).

The acetabular index was in goal for 70% of the patients
in the RT group and 81% of the patients in the RS group
(p = 0.321). The amount of change in the acetabular index
was similar (p = 0.377) between the groups with a median
11° (IQR, 7°-14°) change in the RT group and a median
12° (IQR, 9°-16°) in the RS group. The amount of un-
dercorrection in the acetabular index was similar between
the approaches (RT 16% versus RS 16%; odds ratio [OR],
1.01; 95% confidence interval [CI], 0.24—4.12; p = 0.980)
as was the amount of overcorrection (RT 14% versus RS
3%; OR, 0.21; 95% CI, 0-1.96; p = 0.127).

Eighty-two percent of patients in the RT group were in
goal for the LCEA and 74% achieved the goal range in the
RS group (p = 0.429; Table 3). The correction evident on
the LCEA was also similar between the groups (p = 0.923)

@ Springer

with a median change in LCEA of 14° (IQR, 9.5°-18.5°) in
the RT group and a median change of 13° (11°-20°) in the
RS group. The RT group had fewer patients undercovered
compared with the RS group (RT 2.3%, n = 1 versus RS
22.6%, n=7; OR, 12.54; 95% CI, 1.46-108.1;
p = 0.021). The median postoperative LCEA in the un-
dercovered RS patients was 17° (IQR, 14°-19°); the
median preoperative LCEA in these same patients was 2°
(IQR, —8° to 8°). One patient in the RT group was un-
dercovered with a postoperative LCEA of 0°; however, the
preoperative LCEA in this patient was —18°. The amount
of overcorrection between the RT group (n = 7 [16%]) and
the RS group (n = 1 [3%]) was similar (OR, 0.18; 95% ClI,
0.02-1.51; p = 0.113).

Fewer patients were within goal in the RT group (55%)
compared with the RS group (77%) when comparing the
postoperative ACEA (p = 0.046; Table 3). However, the
amount of correction was similar between the groups with
a median change of 14° (IQR, 6°-24°) for the RT group
and 13° (IQR, 11°-18°) for the RS group (p = 0.908). Five
percent (n = 2) of patients in the RT group were under-
covered and 19% (n = 6) of patients in the RS group were
undercovered (OR, 5.04; 95% CI, 0.94-26.9; p = 0.058).
The majority of patients out of goal in the RT group were
overcovered (n = 18 [41%]) compared with only 3%
(n = 1) in the RS group (OR, 0.05; 95% CI, 0.006-0.39;
p = 0.004). The median postoperative ACEA was 41°
(IQR, 40°-42°) in the overcovered RT patients.

Discussion
Background and Rationale

Early recovery from the standard Bernese PAO is often
limited by pain and symptom-based activity modulation
as well as surgeon-based restrictions. Alternative
approaches have been developed with the goal of being
less invasive while maintaining the ability to reorient the
acetabulum and preserve hip flexion strength [2, 14, 19,
20, 23]. We sought to determine whether a modified RS
approach would lead to comparable inpatient pain control
and ambulation with shorter LOS, less EBL, shorter sur-
gical times, and equivalent success of acetabular
reorientation.
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Table 3. Radiographic comparison (percent within goal)

Postoperative measures Goal Rectus takedown Rectus sparing Odds ratio 95% confidence interval p value
Acetabular index 0°-10° 70% 81% 1.75 0.58-5.25 0.321
Lateral center-edge angle 20°-35° 82% 74% 0.64 0.21-1.94 0.429
Anterior center-edge angle 20°-35° 55% 77% 2.86 1.02-8.0 0.046

Limitations

This study is limited by the inherent nature of retrospective
reviews and by adjustments to surgical corrections by the senior
surgeon (CLP) during the same period. This is likely the reason,
rather than any influence of the RS approach, for the variance in
obtaining the radiographic goals with more patients within goal
for ACEAs in the RS group. This may reflect the senior author’s
desire to precisely position the acetabular fragment and avoid
anterior overcorrection to prevent future femoroacetabular
impingement (FAI), because untreated FAI has been associated
with inferior long-term survivorship after PAO. Although the
study and control groups differed in some respects (sex, slight
but probably not clinically significant differences in the mag-
nitude of radiographic dysplasia), we attempted to minimize
selection bias by performing the different surgical approaches
in consecutive series of patients. The “learning curve” for
adopting the RS approach was quite low and the modification of
the original approach was easily incorporated into the surgical
workflow and required no modification of the classic osteoto-
mies for a standard PAO [16]. The fact that preservation of the
rectus tendon origin was intuitive and did not complicate
osteotomy, mobilization or reorientation of the acetabular
fragment made it relatively easy to perform on a consecutive
series of patients without the need for selection of “simpler”
cases. Lastly, although there was no change in preoperative
indications for surgery, the groups differed radiographically.
The RS group demonstrated less overall dysplasia, more
osteoarthritis (Tonnis grade), and fewer cases of acetabular
retroversion.

Our data demonstrated that patients undergoing PAO
with a RS approach experienced less overall inpatient pain
with a median difference of two on a 0 to 10 numeric pain
scale. Although this difference may not have been per-
ceptible to the patients, it still may have contributed to
improved ability to perform inpatient physical therapy as
noted by our physical therapists. Nevertheless, because
PAO involves substantial subperiosteal dissection and
multiple pelvic osteotomies regardless of approach, it is
possible that soft tissue management may be only a minor
contributor to overall pain levels as an inpatient.

With the numbers available, patients undergoing PAO
with the modified technique ambulated similar distances
while an inpatient. Similarly, this may again be reflective

of the soft tissue component of the operation being a minor
factor in ambulation potential. Undoubtedly more sensitive
measurements such as gait studies or muscle function
studies would provide greater insight into this question.

We also found improved perioperative variables includ-
ing a shorter hospital LOS, less EBL, and decreased surgical
times with the RS technique. Previous literature reports
similar improvements in the perioperative variables. Troel-
sen et al. [23] compared an ilioinguinal approach versus a
minimally invasive (both RS) and demonstrated decreased
LOS, blood loss, and surgical times for the minimally
invasive (so-called transsartorius approach) group.

The ability to meet postoperative acetabular coverage
goals was not compromised by the less invasive approach.
This was similar the finding of Bernstein et al. [2] and
Troelsen et al. [23] who both reported similar acetabular
correction normalization between groups with standard
versus minimally invasive approaches.

A modification of the Bernese PAO with preservation of
the rectus femoris origin demonstrated equivalent or
improved inpatient pain and ambulation, marginally shorter
LOS, less EBL, and shorter surgical times. Perhaps most
importantly, the ability to meet postoperative acetabular
coverage goals was not compromised by the modified
approach. The approach modification was straightforward to
implement (did not require stringent patient selection criteria)
and did not compromise acetabular fragment mobilization or
final positioning. More definitive evidence for clinical supe-
riority in terms of pain, ambulation, and return of muscle
function will likely require more sophisticated instruments
such as gait analysis, muscle strength testing, and longer-term
outcome studies with sensitive instruments.
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