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Abstract

Background: Various pelvic osteotomies can be performed to improve femoral head coverage for patients with hip
dysplasia and other childhood hip disorders with the goal of delaying or preventing osteoarthritis. During preoperative
discussions, female patients and their parents often ask about the influence of these osteotomies on future pregnancy.
The literature on this topic is varied with no consensus on the appropriateness of elective cesarean section (C-section)
for such patients. Therefore, this study sought to review and summarize the literature regarding the impact of different
pelvic osteotomies on birth canal anatomy and C-section rates.

Methods: All studies assessing the impact of pelvic osteotomies on birth canal anatomy or pregnancy outcomes

for patients were identified through a systematic search of four online databases (PubMed, Embase, CINAHL, and
Cochrane Library). PRISMA guidelines were then used to evaluate all identified studies for appropriateness, leading to
the final inclusion of 17 articles evaluating five general types of pelvic osteotomies.

Results: The Salter, double, and triple osteotomies were found to decrease the size of the pelvic outlet in model-

based and radiographic studies. The Chiari osteotomy decreased the dimensions of the pelvic inlet/mid-pelvis and was
associated with higher reported C-section rates. The Bernese periacetabular osteotomy was not associated with any
changes in pelvic diameters, with reported increased rates of C-section noted to result from obstetrician preference. For
osteotomies performed prior to skeletal maturity, resulting pelvic deformities largely remodeled with growth.
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Discussion: Pelvic osteotomies can alter normal pelvic parameters and may influence the ability for vaginal delivery.
Obstetricians may recommend C-section for patients undergoing non-PAO osteotomies depending on skeletal maturity
status at the time of their osteotomy and other obstetric-related factors such as fetal size and natural pelvic relaxation.

The literature on this subject, however, remains limited.

Levels of Evidence: Level IV

Key Concepts

* Pelvic osteotomies for residual hip dysplasia or other childhood hip disorders alter normal pelvic parameters that
may preclude the possibility of vaginal birth, particularly when performed after skeletal maturity.

* The Chiari osteotomy primarily alters the dimensions of the pelvic inlet and mid-pelvis, while the Salter, double, and

triple osteotomies decrease the size of the pelvic outlet.

» The Bernese periacetabular osteotomy does not influence bony birth canal anatomy.

* Pelvic deformities resulting from pelvic osteotomies performed before skeletal maturity often remodel with growth.

» Obstetricians may recommend cesarean section after pelvic osteotomy, particularly when performed bilaterally,

dependent on obstetric-specific factors.

Introduction

Hip dysplasia is a common pathology that may

result in pain and eventual arthrosis.! If diagnosed
early, nonoperative treatment is often successful. In
many cases, radiographic evidence of dysplasia is

only identified in adolescence/young adulthood after
experiencing hip discomfort. Regardless of age, various
pelvic osteotomies can be performed to improve femoral
head coverage with the goal of delaying/preventing
future hip replacement.”> For female patients and their
families, a common question is the impact of these
osteotomies on future pregnancy.

Sutherland raised concerns regarding the possibility of
vaginal birth after double osteotomy, but this was not
addressed in the original descriptions of several other
commonly performed osteotomies. The potential impact
on pregnancy was mentioned by Ganz in his original
description of the Bernese periacetabular osteotomy
(PAO), as he noted no change in the pelvic birth canal.”

Unfortunately, the literature on this topic is varied and
wide-ranging. This study was designed to understand
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the impact of pelvic osteotomy on birth canal anatomy
by systematically reviewing the current literature to
help guide counseling among orthopaedic surgeons
and their patients/families as well as obstetricians.

Methods

Four online databases (PubMed, Embase, CINAHL,

and Cochrane Library) were used to search for studies
assessing the impact of pelvic osteotomies on birth canal
anatomy or cesarean section (C-section) rates. This
search was performed on 12/15/2021, and generally
included the terms “pregnancy,” “birth canal,” “pelvis,”
“cesarean section,” and various pelvic osteotomies in an
attempt to broadly capture the available literature on this
subject based on preliminary review of these topics. The
detailed methodology can be found in Figure 1.

This strategy generated 1,202 studies, which were
imported into Covidence, a systematic review
management platform (Veritas Health Innovation,
Melbourne, Australia). Covidence removed 208 articles
as duplicates. PRISMA (Preferred Reporting Items for
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Pubmed: ("pregnancy"[MeSH Terms] OR "parturition"[MeSH Terms] OR "Cesarean
Section"[MeSH Terms] OR "Pelvis"[MeSH Terms] OR "birth canal"[TW] OR
"pelvimetry"[TW]) AND ("Osteotomy"[MeSH Terms] OR "Periacetabular"[TW] OR "Chiari
Osteotomy"[TW] OR "Salter"[TW] OR "Dega"[TW] OR "Bernese"[TW] OR "Pemberton"[TW]
OR "Triple Pelvic Osteotomy"[TW] OR "Double Osteotomy"[TW])

CINAHL: (MH "Pelvis" OR MH "Pregnancy" OR MH "Childbirth" OR MH "Cesarean Section"
OR TI ("Birth Canal") OR AB ("Birth Canal")) AND (MH "Osteotomy" OR TI ("Periacetabular"

OR "Chiari" OR "Salter" OR "Dega" OR "Bernese" OR "Pemberton" OR "Triple Pelvic
Osteotomy" OR "Double Osteotomy") OR AB ("Chiari" OR "Salter" OR "Dega" OR "Bernese"
OR "Pemberton" OR "Triple Osteotomy" OR "Double Osteotomy"))

Embase: ('pelvis'/exp OR 'pregnancy'/exp OR 'childbirth'/exp OR 'cesarean section'/exp OR 'birth
canal'ti,ab,de,tn,kw) AND (‘osteotomy'/exp OR 'Periacetabular':ti,ab,de,tn,kw OR 'Chiari
osteotomy':ti,ab,de,tn,kw OR 'Salter':ti,ab,de,tn,kw OR 'Dega":ti,ab,de,tn,kw OR
'‘Bernese':ti,ab,de,tn,kw OR 'Pemberton':ti,ab,de,tn,kw OR 'Triple Pelvic
Osteotomy':ti,ab,de,tn,kw OR 'Double Osteotomy":ti,ab,de,tn,kw)

Cochrane Library: ("pregnancy"[MeSH Terms] OR "parturition"[MeSH Terms] OR "Cesarean
Section"[MeSH Terms] OR "Pelvis"[MeSH Terms] OR "birth canal":ti,ab,kw) AND
("Osteotomy"[MeSH Terms] OR "Periacetabular":ti,ab,kw OR "Chiari Osteotomy":ti,ab,kw OR
"Salter":ti,ab,kw OR "Dega":ti,ab,kw OR "Bernese":ti,ab,kw OR "Pemberton":ti,ab,kw OR
"Triple Pelvic Osteotomy":ti,ab,kw OR "Double Osteotomy":ti,ab,kw)

Figure 1. Search strategy.

Systematic Reviews and Meta-Analyses) guidelines
were then used to assess the 995 available studies
(Figure 2). Titles/abstracts were screened by two authors
(JTB and BKE) to eliminate those that were clearly
irrelevant (e.g., animal studies, no evaluation of pelvic
anatomy/pregnancy). The 32 titles/abstracts receiving
>1 “yes” vote underwent full-text review. Similar
methodology was used for screening articles, with
conflicts resolved through discussion. Last, a thorough
review of the bibliographies of included studies revealed
one additional article missed during the initial search.®

This led to the final inclusion of 17 articles evaluating
five types of pelvic osteotomies. All studies evaluated
cadaveric/model, clinical, or radiographic pelvises
(Figure 3 and Table 1) of neuro-typical patients

(e.g., hip dysplasia, Legg-Calve-Perthes disease, or
post-traumatic arthritis) and largely excluded pathology
arising from bladder exstrophy and neuromuscular/
chromosomal disorders. Also excluded were non-English
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articles. Three articles were included despite the main
text being non-English as their abstracts and detailed
relevant results/conclusions were in English.”-!! Results
are broken down by osteotomy in the approximate
chronologic age at which they are performed. Clinical
results and radiographic outcomes are reported in the
manuscript text, while anatomic changes in cadavers/
models are reported in tables.

Results

Salter

Four studies evaluated the Salter osteotomy and its
influence on the birth canal in both cadavers/models
and human patients, including at follow-up after
skeletal maturity (Table 2).!8-2! No studies evaluated
C-section rates.

Loder et al. reported on five patients who underwent
unilateral Salter, with average decreases of 9% and 14%
in the transverse mid-pelvis and outlet, respectively.'®
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Figure 2. PRISMA diagram.

For one patient with follow-up at skeletal maturity, there
was substantial remodeling of the transverse mid-pelvis
from -4% postoperatively (from pre-surgical dimensions)
to +13% at follow-up and of the outlet from -9% to 0%.
Loder et al. later evaluated 21 patients who underwent
unilateral Salter with mean 9.7-year follow-up. They
found narrowing of the outlet of -8.6% after surgery,
secondary in magnitude only to the triple osteotomy.!”
After skeletal maturity, the transverse mid-pelvis was
below a pre-determined 9.5 cm threshold in 14% of
patients, while the transverse outlet was below normal
thresholds in 10%.

Chiari
Eight studies evaluated the Chiari osteotomy in

models/cadavers and patients (Table 2). Seven studies

evaluated radiographic characteristics,®10:11-18-21

while four studies evaluated its impact on C-section

rateS.8’10’11’22

Copyright © 2023 JPOSNA®

Rejholec et al. reported that 22/61 births (36%) after
Chiari were via C-section, which was significantly
greater than a mean 10% rate for the city of Prague.!$22
Kotz et al. similarly studied 37 patients who went on to
pregnancy after Chiari, noting significant radiographic
deformation of the pelvic inlet. Eighteen- and fifty-
percent who had unilateral and bilateral procedures,
respectively, went on to C-sections.!® Smakhtina

et al. evaluated 26 patients who became pregnant

after unilateral Chiari, observing that 15% underwent
C-section secondary to the osteotomy (the exact
indication for this decision not being specified) while
another 15% received elective C-section. They noted that
despite significant deformation of the inlet, this largely
remodeled 2-2.5 years postosteotomy. !!

Hogh et al. studied 30 patients who experienced
pregnancy after Chiari, advising C-section for 25% of
unilateral and 100% of bilateral osteotomies, reflecting
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Figure 3. Obstetric pelvic planes. Three-dimensional
reconstructions of a female pelvis are used here to illustrate
the different pelvic planes commonly referenced in obstetrics.
Panel 34 shows the transverse diameter of the pelvic inlet at
the superior margin of the true pelvis. Panel 3B illustrates the
interspinous or transverse diameter of the mid-pelvis, which is
typically described as the most critical location of the birth canal
for fetal passage. In panel 3C, line 1 represents the anatomic
or true conjugate (pelvic inlet) and line 2 shows the obstetric
conjugate. Lines 3 and 4 in panel 3C demonstrate the obstetric
and anatomic diameters of the pelvic outlet, respectively

Copyright © 2023 JPOSNA®

an author-specific policy decision. However, they noted
considerable inlet remodeling at follow-up of 10 years

and felt vaginal birth was feasible for most cases.®

For one patient who underwent Chiari before puberty

by Loder et al., the transverse inlet increased from -14%
postoperatively (from pre-surgery) to +4% at 2.5 year
follow-up, while the mid-pelvis remodeled from -16%

to +2%.!8 For two patients who underwent osteotomy at
skeletal maturity, there was minimal remodeling of the
pelvic inlet/mid-pelvis at mean 5.5-year follow-up. They
later evaluated two patients at skeletal maturity who had
undergone Chiari, reporting that one had a transverse mid-
pelvis diameter <9.5 cm.!” The postoperative transverse
mid-pelvis measurements were also smaller (mean 9.8
cm) than any other osteotomy performed (10.2 cm).
Conversely, there was overall milder narrowing of

pelvic parameters in comparison to their earlier model-
based studies. Winkelmann et al. performed Chiari in 15
patients, and despite some remodeling after surgery, there
remained substantial narrowing of the birth canal 1-4 years
postoperatively, particularly when performed bilaterally.?!

Triple Innominate

Four studies evaluated variations of the triple
osteotomy and its influence on the birth canal, while

no study evaluated C-section rates (Table 3).!8:19:21,23
Loder et al. evaluated pelvic dimensions for two
patients who underwent the Steel triple osteotomy.'®
They observed substantial remodeling after puberty,
including an increase in the transverse outlet from -15%
postoperatively (compared to the pre-surgery) to -2% at
follow-up.

They later radiographically reported on five patients

who underwent Steel’s osteotomy and were >14 years

at follow-up.'® They found that the transverse outlet
decreased by 12% after surgery, with little change in the
mid-pelvis. However, at follow-up, 40% were below
traditional transverse mid-pelvis thresholds (<9.5 cm),
and 40% were below reported thresholds for the pelvic
outlet. Winkelmann et al. performed the triple osteotomy
in 10 patients between 14-34 years, with CT revealing up
to 3.3 cm of mid-pelvis narrowing.?!
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Table 1. Pelvic Plane Definitions

Pelvic Inlet

Superior margin of the true (obstetric) pelvis at the pelvic brim

Bordered anteriorly by pubic symphysis, posteriorly by sacral promontory, and laterally (transverse
diameter = average ~13 cm) by iliopectineal lines'?

In the sagittal plane, AP diameter represented by true (sacral promontory to superior pubic
symphysis) or obstetric (sacral promontory to posterior aspect of pubic symphysis) conjugates
Obstetric conjugate approximately 10.5-11 cm and represents smallest AP diameter of pelvis for fetal
passage (see additional link section for a schematic representation)!?-14

Mid-Pelvis

Described in axial or transverse plane as interspinous (between ischial spines) region of the pelvis
Interspinous diameter is ~10-10.5 cm and is narrowest/most critical location in the birth canal for
fetal passage'>

AP dimensions of mid-pelvis average 11.5-12 cm and are from inferior pubic symphysis to either the
sacrococcygeal junction or a point between the 4%/5 sacral vertebra (sometimes described as a line
passing through the ischial spines)!'%!

Pelvic Outlet | + Bony pelvic outlet is bordered anteriorly by the inferior pubic arch/symphysis, posteriorly by the
coccyx (anatomic diameter) or sacrococcygeal joint (obstetric diameter)

» Laterally bordered by the ischial tuberosities

» Transverse diameter of the outlet averages 11-12 cm while the AP diameter averages 9.5-12.5 cm

14,16

12,17

Double Innominate

Only two studies evaluated Sutherland’s double
osteotomy, focusing on its radiographic impact on the
birth canal in cadavers/models and a single patient
(Table 3).!82! For the skeletally immature patient, there
was significant pelvic remodeling during puberty with
a reported increase in the transverse outlet from -26%
postoperatively (from pre-surgical measures) to -12% at
skeletal maturity.!®

Periacetabular

Seven studies assessed the Bernese PAO (Table 3). Three
studies assessed its clinical influence on pregnancy/C-
section rates.>**?3 Four studies evaluated its radiographic
impact on the birth canal, while one study evaluated
pelvic models.”!8:19-26.27 Last, two studies evaluated less
commonly performed variants of the PAQ.?%2°

Bartiosiak et al. retrospectively surveyed patients

with pregnancies after PAO and reported a C-section
rate of 53% in 31 women, significantly higher than

the reported population average of 32% (Table 4).24
However, they reported that for 55%, the obstetrician
was concerned over the impact of PAO on delivery, and

Copyright © 2023 JPOSNA®

30% of C-sections were specifically scheduled due to
this concern. They additionally found no differences in
infant characteristics (e.g., birth weight) compared to
national averages. Fliickiger et al. similarly reported a
higher C-section rate of 36% (10/28 pregnancies) after
PAO, nearly twice their national average.® In 50%, this
were attributed to the obstetrician anticipating challenges
during delivery, and they again found no differences in
birth weight. Valenzuela et al. studied sexual activity and
pain after PAO, reporting that 8/23 (35%) children born
after PAO were delivered via C-section, with similar
birth weights compared to population averages.>

Loder et al. radiographically evaluated two patients after
PAO, with all birth canal measures above normative
thresholds.!® Using more contemporary pelvimetry
methodology, Trousdale et al. evaluated AP/transverse
diameters of the pelvic inlet/mid-pelvis using MRI for
seven women undergoing PAO.? They observed no
decrease in birth canal measures 2-3 months after surgery
but noted excessive acetabular fragment retroversion could
lead to pelvic ring narrowing from a poorly positioned
medial wall. They also reported the medial wall was the
narrowest diameter of the bony birth canal for all patients
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Table 2. Common Childhood Osteotomies

Osteotomy | Study

Year

Type

Findings

Salter Loder!8

1993

Model

Osteotomy narrowed the transverse mid-pelvis (by 12%) to
borderline low normative values

Significantly narrowed the transverse (by 20%) and AP (by 27%)
pelvic outlet

Kiisswetter2?

1985

Cadaver

Decrease of up to 1.3 cm in the transverse mid-pelvis with a 30°
osteotomy

Pelvic outlet decreases in size depending on magnitude of
correction (at as low as 15° osteotomy)

Qualitatively describe that after Salter osteotomy, the mid-pelvis
and outlet are transformed into a funnel shape

Concluded that, when performed bilaterally, the Salter causes
changes of the birth canal that prevent vaginal delivery

Winkelmann?!

1984

Model,
Cadaver

Reported no change in pelvic inlet parameters after osteotomy
Mild decrease in transverse diameter of outlet (1 cm with a 20°
increase in LCEA) dependent on rotation of distal pelvic section

Chiari Hogh®

1987

Cadaver

Observed a 9% decrease in the transverse pelvic inlet for every
25% medial displacement (reported an average 68% displacement
in study)

Concluded this would lead to a mean 24% reduction in pelvic inlet
diameter after unilateral Chiari and 50% after bilateral procedures,
necessitating Cesarean section in bilateral cases

Kiisswetter2?

1985

Cadaver

Qualitative description of transformation of the pelvis into

an anthropoid-type pelvis (i.e. increased AP diameter, narrow
transverse diameter) with narrowing of the pelvic inlet
Concluded that routine radiographs should be taken prior to
pregnancy for assessment of the feasibility of vaginal birth (no
changes reported in mid-pelvis or pelvic outlet)

Loder!8

1993

Model

Reported a mean 13% decrease in the transverse diameter of pelvic
inlet and 16% for the mid-pelvis, though neither change was below
normative values

Winkelmann?!

1984

Model,
Cadaver

Reported narrowing of the transverse diameter of the pelvic inlet
and outlet by up to 3 cm dependent on the degree of medialization
of the osteotomy

rather than the mid-pelvis as has been traditionally taught.

Similarly, Shao et al. evaluated the pelvises of 31 patients
before/after PAO using 3D-CT and determined no change
in the narrowest point of the birth canal.?’

Though the Bernese PAO is more common, several
other variants, including the curved PAO (CPAO) and
eccentric rotational PAO (EPAO), have been described.

Copyright © 2023 JPOSNA®

Ishimatsu et al. evaluated 29 patients who underwent
bilateral CPAO, noting no change in the pelvic inlet,
contraction (interspinous diameter), or outlet.?’
However, the narrowest diameter of the birth canal for
all patients was, similar to Trousdale, the transverse
diameter between the pelvic teardrops. This measure was
significantly decreased after bilateral PAO and below
the 9.5 cm threshold for safe delivery in 5/29 cases,
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Table 3. Pelvic Osteotomies Performed Around Skeletal Maturity

Osteotomy Study Year | Type Findings

Steel, Tonnis Loder!® 1993 | Model |- Tonnis osteotomy did not significantly influence any
measures of birth canal anatomy

- Steel osteotomy significantly narrowed pelvic outlet
(by 22% in the transverse plane, 9% in the AP plane)

Modified Steel Schwarz?? 2014 | Cadaver | - Unilateral osteotomy: significant decrease in transverse
outlet (by 0.70 cm) and AP pelvic outlet (by 0.13 cm)
with no change in mid-pelvis or pelvic inlet

- Bilateral osteotomy: significant decrease in transverse
outlet (by 1.00 cm), AP pelvic outlet (by 0.70 cm), and
transverse mid-pelvis (by 0.23 cm)

- Concluded that unilateral triple osteotomy does not
narrow the birth canal, but recommend C-section after
bilateral osteotomies

Steel (and modifications | Winkelmann?! | 1984 | Model, |- Reported qualitative narrowing of the “middle” aspect
by Carlioz/T6nnis) Cadaver of the bony pelvic cavity

Sutherland (Double Loder!® 1993 | Model |- Osteotomy narrowed the transverse mid-pelvis (by
Osteotomy) 24%) to borderline low normative values

- Significantly narrowed transverse pelvic outlet (by 30%
and 43% of total outlet capacity) on CT pelvimetry
(greater than any other osteotomy evaluated)

Winkelmann?! | 1984 | Model, |- Osteotomy did not affect the pelvic inlet

Cadaver | - Led to significant narrowing and asymmetry of the
transverse pelvic outlet (by up to 3.5 cm) according to
the degree of rotation/shifting of the acetabulum

Bernese (Ganz) Loder!® 1993 | Model |- Bernese PAO did not significantly influence any
measure of birth canal anatomy, concluding the PAO
had no impact on birth canal size or ability to have a
vaginal delivery

Table 4. Cesarean Section Rates by Pelvic Osteotomy leading the authors to suggest consideration of C-section.

Masui et al. evaluated the EPAO and noted no change

Osteotomy Type | Unilateral Bilateral in pelvimetry measures for 21 women who underwent

Osteotomy Osteotomy childbirth after surgery.?® Additionally, 23% and 25%

Salter . . of patients who had unilateral and bilateral osteotomies,

Chiari 18-36%%10:11-22 50-100%%1° respectively, gave birth via C-section.

Triple - - . .

Double i i Discussion

Periacetabular 35-530,9-24.25 i Overall, the literature assessing the influence of pelvic
osteotomy on birth canal anatomy and the necessity
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for C-section is of low quality/quantity. The limitations
of this study are largely a result of these studies being
conducted in a small number of patients or in models/
cadaveric specimens, limiting performance of a
meta-analysis. Further, cesarean section rates were

not available for several osteotomy types, limiting
comparison by procedure. Many studies also did not
account for pelvic remodeling that may occur after
osteotomy in skeletally immature patients. These articles
also had variable inclusion criteria for each osteotomy
and excluded several commonly performed infantile
osteotomies such as the Dega or Pemberton.

Loder et al. discussed that a 9.5 cm transverse mid-pelvis
value was selected as the relevant low-normal threshold
for C-section because in obstetric studies, it was both the
average interspinous distance for patients undergoing
C-section and was two standard deviations below
mean interspinous distances for vaginal deliveries.!®-3
Subsequently, they recommended informing patients with
interspinous diameters <9.5 cm on AP pelvis X-rays that

they may require C-section.

There appears to be significant pelvic remodeling
potential when osteotomies are performed before puberty.
Loder et al. found that patients whose transverse mid-
pelvis was <9.5 cm at follow-up were 4.8 years older at
osteotomy (closer to skeletal maturity) and therefore did
not experience substantial remodeling.!® Though far from
conclusive, this suggests that for osteotomies such as the
Salter, typically performed at a young age, it is likely
that pelvic deformities precluding vaginal delivery will
remodel over time.

Additionally, while the Chiari osteotomy appears to
primarily influence the pelvic inlet/mid-pelvis, the
Salter, double, and triple osteotomies decrease the
pelvic outlet. There is, unfortunately, little literature
discussing the impact of a narrow outlet on vaginal birth
as any pathology affecting the outlet also narrows the
mid-pelvis.!%3! Despite recommendations for elective
C-section from several studies after pelvic osteotomy,

it is unknown whether decreased outlet radiographic

Copyright © 2023 JPOSNA®

measures are clinically relevant as the mid-pelvis is the

most common/best understood site of dystocia.'*

Perhaps most important, the pelvic dimensions that preclude
vaginal delivery are not entirely understood and were

not consistent across studies. For many in the obstetrics
and orthopaedic communities, pelvimetry and evaluation
of pelvic dimensions are relatively outdated methods of
determining vaginal delivery feasibility? since the pelvis
relaxes/expands during pregnancy, which may make static
measures of pelvic dimensions less important. Hormonal
changes (specifically relaxin) lead to ligamentous laxity of
the sacroiliac/sacrococcygeal joints and increased width of
the pubic symphysis to expand the pelvis for childbirth.333*
Studies have also shown maternal positioning can

significantly increase pelvic dimensions up to 2 cm.3%-37

There are other factors outside of bony parameters

that impact vaginal delivery, including those of the
uterus/cervix and fetus (namely size and positioning).
Radiographic pelvimetry has also been shown to increase
the rate of C-section, likely due to identification of
“sub-normal” dimensions.?® Static measures of pelvic
morphology, therefore, not only differ from dynamic
changes in pelvic capacity that allow for vaginal birth but
likely offer limited clinical prognostication for vaginal
delivery in many older studies on pelvic osteotomies.
Conversely, MRIs can provide additional soft tissue
pelvic parameters in pregnant patients with a history of
pelvic osteotomy without concern over the effects of
ionizing radiation on the developing fetus. Surgeons may
thus, with caution, consider use of modern radiographic
parameters to guide decision-making regarding cesarean
delivery after osteotomy. Given all these limitations, we
attempted to interpret the feasibility of vaginal delivery
for each osteotomy.

Salter

One of the earliest re-directional osteotomies described,
the Salter involves a transverse cut of the ilium between
the ASIS/AIIS.? The mobile acetabular fragment is
hinged through the symphysis to improve anterolateral
coverage.? Typically performed in patients with
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congenital dislocation/subluxation of the hip between
1.5-6 years old, this osteotomy predominantly reduced
the AP/transverse diameters of the outlet and marginally
of the mid-pelvis.'®2! This was apparently due to medial
translation of the ischial tuberosity resulting from
acetabular rotation through the symphysis.

As there was no C-section data available, it is unknown
how this osteotomy influences C-section rates, though
the outlet is rarely the site of dystocia, which instead
occurs at the mid-pelvis.'* There is also more potential
for remodeling after a Salter osteotomy as this is
frequently performed in younger children,?® with almost
full remodeling to normal parameters observed.'® As
Loder et al. reported 14% of patients below a 9.5 cm
mid-pelvis threshold after surgery, the Salter may require
C-section when performed bilaterally,'® though the
impact of pelvic relaxion may make vaginal delivery
possible.?°

Chiari

The Chiari osteotomy is a salvage procedure described
for adolescent/adult patients with dysplastic hips

in whom a re-direction/re-orientation osteotomy is

not viable. It utilizes a supra-acetabular iliac osteotomy
below the AIIS, through the sciatic notch, to allow for
medial acetabular displacement.® Hinging through the
symphysis, this increases coverage via exposure of
cancellous bone and interposed capsule laterally.?

Through medial acetabular displacement, 5/6
radiographic studies demonstrated a marked reduction
in the transverse inlet/mid-pelvis to dimensions smaller
than for any other osteotomy.'® This deformation largely
remodeled when performed prior to puberty,®!!-18 but
persisted when performed at skeletal maturity,!3:1%-21
Based on existing clinical data, the Chiari does not
appear to increase C-section rates when performed
unilaterally (18-36%), though Rejholec et al. reported a
nearly 26% higher C-section rate after osteotomy. 101122
This may be due to remodeling when performed in
prepubertal children. When performed bilaterally,

the osteotomy is associated with C-section rates of

50-100%.%1° For skeletally mature individuals, C-section
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may be indicated in both unilateral and bilateral cases
dependent on the ability of natural pelvic relaxation to
accommodate delivery.

Triple Innominate

Unlike the posterior column-preserving PAO, the triple
osteotomy utilizes complete cuts of the ilium, ischium,
and pubis to reorient the acetabulum in children with
open triradiate cartilage. This allows for both complete
acetabular mobility, unlike the Salter osteotomy, and
improved lateral coverage with cartilage, unlike the
Chiari osteotomy.?

Steel’s triple osteotomy* was shown to significantly
reduce the pelvic outlet, which partially remodeled with
maturation.!819-21.23 Additionally, Loder et al. reported
that postmenarchal transverse diameters at the mid-pelvis
and outlet were under threshold in 40% of patients after
unilateral procedures.!® No articles specifically described
pregnancy outcomes after triple osteotomy and therefore
it is not known how C-section rates are impacted, though
the included studies reported relatively high rates of
residual pelvic deformation at skeletal maturity. Other
factors, including pelvic relaxation, may further allow for
vaginal delivery, and C-section decisions should be based
on individual anatomy.??

The Ténnis triple osteotomy? is less common due

to the creation of a potentially unstable pelvis with
higher ischial nonunion risk.*? Further, the limited data
available on its impact on pregnancy/pelvic anatomy is
inconsistent, with two studies reporting only possible
mid-pelvis narrowing.'® There is consequently not
enough information regarding C-section after Tonnis
osteotomy.

Double Innominate

Sutherland designed the double osteotomy to avoid the
separate ischial/pubic cuts in the triple osteotomy.*!

It involves a similar Salter-type supra-acetabular iliac
osteotomy with a single pubic osteotomy, medial to the
obturator foramen/close to the symphysis. The pubic
osteotomy involves removal of a ~1 ¢cm bone wedge,
allowing for acetabular medialization as seen in the
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Chiari to improve coverage (but with articular cartilage).
The acetabular fragment, including the ischial spine/
tuberosity, is then rotated anterolaterally. Sutherland
recommended its application in patients aged >6 years
with a reducible dislocated/subluxated hip, similar to the
demographic application of the triple.

Understanding the anatomic changes occurring during
this procedure, it is unsurprising that this osteotomy
significantly reduces the AP/transverse diameters of
outlet and marginally of the mid-pelvis.'®2! Though no
studies evaluated its impact on pregnancy, Sutherland
specifically recommended that female patients be wary
of the possibility of C-section after a double osteotomy
because of its intentional medial displacement and
decrease in the transverse outlet.*!

Periacetabular

The standard Bernese PAO is used for dysplasia in
skeletally mature individuals (closed triradiate cartilage)
without significant osteoarthritis. It involves complete
iliac/pubic cuts with an incomplete ischial cut that
maintains the posterior column, allowing for early
weight-bearing. As Ganz noted, the PAO does not change
the diameter of the true pelvis and allows for tremendous
acetabular re-orientation.’

Across all cadaveric/radiographic studies, there

were no changes in pelvic parameters after PAO.
While some studies reported higher C-section rates
compared to population norms, many noted this was
likely reflective of obstetrician preference rather than
anatomic requirement. Obstetricians should therefore
feel comfortable proceeding with vaginal delivery after
unilateral or bilateral PAO.

Conclusions

Based on the literature available, the Bernese PAO does
not influence the bony birth canal and patients should be
counseled that a vaginal delivery should not be hindered
by this hip surgery. However, for patients undergoing
Chiari osteotomy and other re-orientational (non-PAQO)
and redirectional osteotomies after skeletal maturity,

we recommend a discussion regarding the potential
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requirement for cesarean section. Physicians may, with
caution, consider use of more modern radiographic
parameters to guide decision-making regarding cesarean
after unilateral osteotomy. MRI specifically can provide
pelvic parameters in pregnant patients with a history of
non-PAO pelvic osteotomy without concern over the
effects of ionizing radiation on the developing fetus.
Based on the available literature, aside from the Bernese
PAOQ, obstetricians may consider cesarean section when
a patient has a history of bilateral pelvic osteotomy
procedures while accounting for other factors such as fetal
size and natural pelvic relaxation at the time of delivery.

Additional Links

*  POSNAcademy, Pelvis Osteotomies for
Developmental Dysplasia of the Hip

* Association of Professors of Gynecology and
Obstetrics, Pelvic Anatomy/Diameters
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