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Abstract: As a surgical treatment option in symptomatic developmental dysplasia of the hip, periac-
etabular osteotomy (PAO) is often performed in female patients of childbearing age. Yet, to date, little
is known about the procedure’s influence on postoperative pregnancies and the mode of delivery.
Our study’s aim therefore was to investigate patient and physician decision making in women after
PAO. We invited all patients who had undergone PAO in our institution from January 2015 to June
2017 to participate in a paper-based survey. Of these, we included all female patients and performed
a retrospective chart review as well as analysis of pre- and postoperative radiological imaging. A
total of 87 patients were included, 20 of whom gave birth to 26 children after PAO. The mean overall
follow-up was 5.3 ± 0.8 years. Four (20.0%) patients reported that their obstetrician was concerned
due to their history of PAO. The mean time before the first child’s birth was 2.9 ± 1.3 years. Eleven
(55.0%) patients underwent cesarean section for the first delivery after PAO, three of whom reported
their history of PAO as the reason for this type of delivery. Patients with a history of PAO have a
higher risk of delivering a child by cesarean section compared with the general population, in which
the rate of cesarean section is reported to be 29.7%. As cesarean sections are associated with increased
morbidity and mortality compared with vaginal deliveries, evidence-based recommendations for
pregnancies after pelvic osteotomy are needed.

Keywords: developmental hip dysplasia; periacetabular osteotomy; cesarean section; pregnancy
complications

1. Introduction

Developmental dysplasia of the hip (DDH) is defined by an insufficient acetabular
coverage of the femoral head and is a leading cause of secondary hip osteoarthritis [1,2].
Despite the existing strategies for early detection and thereby early treatment, DDH con-
tinues to be diagnosed at older ages. In the case of symptomatic DDH without signs of
osteoarthritis, surgical management is an option in skeletally mature patients to preserve
the native hip joint [3].

As one of the surgical techniques performed in the treatment of DDH, periacetabular
osteotomy (PAO) allows for a three-dimensional reorientation of the hip socket to provide
improved coverage of the femoral head. This is achieved by completely detaching the
acetabulum from the pelvis through defined osteotomies along the Os ischium, Os pubis
and Os ilium before fixing the acetabular fragment either with K-wires or screws [4–7].
In contrast to other pelvic osteotomies, the posterior column remains intact [4]. Previous
studies have shown good to excellent outcomes both clinically and radiologically for this
procedure [3,6,8–10].

As DDH occurs predominantly in women, and mostly younger patients become
candidates for hip preservation surgery, PAO is mostly performed in a population of female
patients of childbearing age [11]. Previous reports have shown differing results regarding
changes in birth canal morphology after different types of pelvic osteotomies. While a
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study by Ishimatsu showed that 17% of patients had birth canal diameters under the cutoff
value for increased risk of the need for a cesarean section after curved periacetabular
osteotomy [12], other analyses found no significant changes in birth canal diameters in
women after PAO [13,14]. There is, however, insufficient evidence for the use of X-ray
pelvimetry in determining the best delivery type in women [15].

Even though concerns regarding pregnancy and delivery after undergoing PAO are
common, only few studies have been performed in this regard. Both Flückiger et al. and
Bartosiak et al. showed an increased risk of cesarean sections after PAO. Furthermore, they
found that in 30–50% of cases, obstetricians performed a cesarean section due to expected
complications during vaginal delivery after PAO [14,16]. Valenzuela et al., on the other
hand, showed similar rates of cesarean sections in women after PAO compared with the
US cesarean section birth rate of 25% [17].

Overall, the literature regarding pregnancy and child delivery after PAO is scarce.
Thus, our study’s aim was to investigate patient and physician decision making regarding
pregnancy as well as peripartum complications in women who had previously under-
gone PAO.

2. Materials and Methods
2.1. Patients

This study was approved by the institution’s ethics committee (EA1/052/21). All
female patients undergoing PAO for a primary diagnosis of symptomatic DDH between
January 2015 and June 2017 at a single institution were included retrospectively. Patients
who underwent PAO for indications other than symptomatic DDH, prior surgery on the
ipsilateral hip joint or inadequate pre- or postoperative radiological imaging were excluded.
Demographic and perioperative data were collected using electronic medical reports and
included age, gender, body mass index (BMI) and duration of surgery measured from skin
incision until the completion of skin closure.

2.2. Preoperative Radiological Imaging

Preoperative radiological imaging included standing anterior–posterior pelvis and 30◦

abduction functional radiographs. In all included hips, at least one radiological abnormality,
including a lateral center-edge angle of Wiberg (LCEA) less than 25◦, acetabular inclination
(AI) greater than 10◦, an anterior center-edge angle (ACE) as described by Lequesne
and de Seze of less than 25◦ and a femoral head extrusion index (FHEI) as described by
Heyman and Herndeon of greater than 26%, was found [18–20]. Preoperative femoral head
congruency as determined by 30◦ abduction functional radiographs was good in all hips.

2.3. Surgical Technique

All PAOs were performed as previously described by one of two experienced orthope-
dic surgeons specialized in hip surgery [4]. An anterior approach was used, and acetabular
reorientation was achieved under fluoroscopic guidance. The acetabular fragment was
fixated either by three to four screws (4.5 mm) or four to five unthreaded K-wires (2.5 mm)
introduced through the iliac crest. Iliac osteotomy was performed as previously described,
and the supra- and retroacetabular gap was filled with allogenic bone grafts [21]. Intraoper-
atively, a normalization of the LCEA to 30◦, AI below 10◦ and an FHEI of between 10 and
25% were targeted.

2.4. Postoperative Radiological Assessment

Postoperative assessment was performed using standing anterior–posterior pelvis
radiographs before discharge and at the three-month follow-up. Parameters relevant for
DDH including the LCEA, Tönnis angle (TA) and FHEI were measured by two orthopedic
residents both trained by a senior orthopedic surgeon (Figure 1).



J. Clin. Med. 2022, 11, 4836 3 of 9

 

Figure 1. Radiological measurements of a dysplastic hip treated with PAO (a) preoperatively and
(b) postoperatively. The LCEA, TA and FHEI were significantly improved pre- to postoperatively.

2.5. Survey

Pregnancy-related parameters were evaluated by a questionnaire. All patients were
contacted via mail and asked to complete a survey which included both PAO- and pregnancy-
related questions. The primary outcome was the birth delivery method. Secondary out-
comes included birth weight, duration of pregnancy before delivery and pregnancy-related
complications. Deliveries before 37 weeks were defined as preterm, while deliveries before
34 weeks were defined as early preterm [22]. PAO-related questions included patient satis-
faction with the procedure and whether the patient would have the procedure performed
again. Furthermore, the short version of the International Hip Outcome Tool (iHOT-12)
was used to measure health-related quality of life and changes after PAO [23].

2.6. Statistical Analysis

Data analysis was performed using SPSS version 27 (SPSS Inc., Chicago, IL, USA).
Means and standard deviations were calculated for continuous parameters. For nominal
parameters, frequencies were analyzed. For the comparison of parametric values, Student’s
t-test was used, and for the comparison of non-parametric values, the Mann–Whitney U
test was used. The statistical significance level for all tests performed was p < 0.05.

3. Results

A total of 173 patients with 202 PAOs were identified. Six PAOs were excluded due to
diagnoses other than DDH. Of the remaining patients, 146 patients with 165 PAOs were
female. In total, 87 patients (59.6%) completed the PAO-related questions, while 57 patients
(39.0%) completed the pregnancy-related questions, of whom 20 (22.7%) gave birth to
26 children after PAO (Figure 2).
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Figure 2. Flow chart of patient inclusion. DDH, developmental dysplasia of the hip; PAO, peri-
acetabular osteotomy. 

One woman gave birth to twins, and one woman had one child before PAO. The 
mean patient age at the time of surgery was 28.3 ± 7.8 years. The mean BMI was 24.6 ± 4.4 
kg/m2. Pre- and postoperative radiological parameters are shown in Table 1. 

Table 1. Pre- and postoperative radiographic parameters in women who had a child after PAO. 

Parameter Preoperative Postoperative p-Value 
LCEA (°) 16.4 ± 6.4 29.7 ± 6.4 0.031 * 

TA (°) 13.2 ± 6.8 1.7 ± 7.4 0.011 * 
AWI 0.4 ± 1.5 0.5 ± 0.2 0.013 * 
PWI 0.8 ± 0.2 0.8 ± 0.2 0.396 
FHEI 0.2 ± 0.1 0.1 ± 0.1 <0.001 * 

Results are presented as means and standard deviations. Statistically significant p-values are 
marked with *. LCEA, lateral center-edge angle of Wiberg; TA, Tönnis angle; AWI, anterior wall 
index; PWI, posterior wall index; FHEI, femoral head extrusion index. 

The mean overall follow-up time was 5.3 ± 0.8 years. Of all women who completed 
the PAO-related survey, 70 of 87 (80.4%) reported being satisfied with the surgery’s out-
come. Seventy-one (81.6%) women reported they would have the procedure performed 
again. Of the women who had a child after PAO, 17 (85.0%) reported being satisfied with 
the surgery’s outcome, and 16 (80.0%) would have the procedure performed again. The 
mean pre- and postoperative iHOT-12 scores were 45.7 ± 23.1 and 76.5 ± 22.0, respectively, 
with a mean difference between pre- and postoperative scores of −30.8 ± 27.3. While the 
overall preoperative iHOT-12 scores did not differ significantly between satisfied and un-
satisfied patients (44.1 ± 23.6 vs. 54.4 ± 21.9, p = 0.490), there were significant differences in 
postoperative iHOT-12 scores (82.8 ± 16.6 vs. 40.6 ± 11.3, p = 0.007) and between the pre- 

Figure 2. Flow chart of patient inclusion. DDH, developmental dysplasia of the hip; PAO, periacetab-
ular osteotomy.

One woman gave birth to twins, and one woman had one child before PAO. The mean
patient age at the time of surgery was 28.3 ± 7.8 years. The mean BMI was 24.6 ± 4.4 kg/m2.
Pre- and postoperative radiological parameters are shown in Table 1.

Table 1. Pre- and postoperative radiographic parameters in women who had a child after PAO.

Parameter Preoperative Postoperative p-Value

LCEA (◦) 16.4 ± 6.4 29.7 ± 6.4 0.031 *
TA (◦) 13.2 ± 6.8 1.7 ± 7.4 0.011 *
AWI 0.4 ± 1.5 0.5 ± 0.2 0.013 *
PWI 0.8 ± 0.2 0.8 ± 0.2 0.396
FHEI 0.2 ± 0.1 0.1 ± 0.1 <0.001 *

Results are presented as means and standard deviations. Statistically significant p-values are marked with *.
LCEA, lateral center-edge angle of Wiberg; TA, Tönnis angle; AWI, anterior wall index; PWI, posterior wall index;
FHEI, femoral head extrusion index.

The mean overall follow-up time was 5.3 ± 0.8 years. Of all women who completed the
PAO-related survey, 70 of 87 (80.4%) reported being satisfied with the surgery’s outcome.
Seventy-one (81.6%) women reported they would have the procedure performed again.
Of the women who had a child after PAO, 17 (85.0%) reported being satisfied with the
surgery’s outcome, and 16 (80.0%) would have the procedure performed again. The mean
pre- and postoperative iHOT-12 scores were 45.7 ± 23.1 and 76.5 ± 22.0, respectively,
with a mean difference between pre- and postoperative scores of −30.8 ± 27.3. While
the overall preoperative iHOT-12 scores did not differ significantly between satisfied and
unsatisfied patients (44.1 ± 23.6 vs. 54.4 ± 21.9, p = 0.490), there were significant differences
in postoperative iHOT-12 scores (82.8 ± 16.6 vs. 40.6 ± 11.3, p = 0.007) and between the
pre- and postoperative scores (38.7 ± 19.9 vs. 13.9 ± 20.7, p = 0.001). Patients who were not
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satisfied with the procedure reported significantly lower values for all items except pain
(Table 2). Overall, 16 of 57 (28.1%) patients reported that a history of PAO affected their
decision to have a child or consider becoming pregnant.

Table 2. Postoperative iHOT-12 scores for each item in patients who reported being satisfied with the
procedure and patients who were not satisfied.

iHOT-12 Patients Satisfied with PAO
(n = 17)

Patients Not Satisfied with
PAO (n = 3) p-Value

Pain 7.6 ± 3.4 4.0 ± 1.0 0.054
Getting up and down 8.9 ± 1.7 3.0 ± 1.0 0.002 *

Walking long distances 8.2 ± 2.4 4.7 ± 1.2 0.028 *
Grinding, catching, clicking 8.7 ± 3.5 4.3 ± 2.3 0.019 *

Pushing, pulling, lifting, carrying 8.1 ± 2.1 3.7 ± 0.6 0.004 *
Concern about changing directions during sports 7.8 ± 2.6 4.0 ± 2.6 0.040 *

Pain after activity 8.1 ± 2.1 4.3 ± 1.5 0.019 *
Picking up or carrying children 8.1 ± 2.8 4.0 ± 1.7 0.047 *

Sexual activity 8.9 ± 1.8 4.3 ± 2.3 0.012 *
Awareness of disability in hip 8.0 ± 4.0 4.0 ± 2.6 0.012 *

Maintaining fitness level 8.4 ± 1.8 3.3 ± 3.5 0.012 *
Distraction 8.5 ± 2.1 5.0 ± 2.6 0.040 *

Statistically significantly different p-values are marked with *. iHOT, International Hip Outcome Tool; PAO,
periacetabular osteotomy.

The mean follow-up time for women who had a child after PAO was 5.3 ± 0.8 years.
Pregnancy-related parameters for the first pregnancy after PAO are shown in Table 3.

Table 3. Pregnancy-related parameters for the first pregnancy after PAO. Mean values are presented
with the standard deviation.

Type of Delivery Preoperative

Cesarean section
Vaginal

11/20 (55.0%)
9/20 (45.0%)

Gestation (weeks) 38.8 ± 3.3
Preterm births 4/20 (20.0%)

Birth weight (grams) 3107.7 ± 851.1

The mean time before the first child’s birth was 2.9 ± 1.3 years. The mean pregnancy
duration before delivery was 38.8 ± 3.3 weeks. Four children were born preterm, two of
whom were early preterm. Eight patients had a second child within 3.4 ± 1.4 years after
PAO. One of these children was born preterm. Five (25.0%) patients reported pregnancy-
related complications including elevated blood pressure (15.0%), diabetes (10.0%) and
pre-eclampsia (10.0%).

In six (30.0%) patients, labor had to be induced. Ten (50.0%) patients had an epidural
anesthesia. Eleven (55.0%) patients underwent cesarean section, of which eight were due
to child-related complications (breech presentation, fetal status, failure to progress with
labor). Three (27.3%) patients stated that a cesarean section was performed due to their
history of PAO. When only looking at first-time singleton pregnancies, the rate of cesarean
section was 55.6% (10/18).

Six (23.1%) newborns required intensive care unit stays after delivery, five of whom
had been delivered via cesarean section. The mean birth weight was 3107.7 ± 851.1 g for
the first child and 3392.5 ± 778.8 g for the second child after PAO. In first children delivered
vaginally, the mean birth weight was 2996.8 ± 877.8 g, while in first children delivered via
cesarean section, the mean birth weight was 3072.5 ± 9 03.26 g.

Four (20.0%) patients reported that their obstetrician expressed concern due to their
history of PAO. Six (30.0%) patients reported that their obstetrician recommended a certain
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type of delivery due to their history of PAO, with three obstetricians recommending
cesarean section and three recommending vaginal delivery.

4. Discussion

Even though PAO is an established procedure for joint-preserving surgical therapy of
DDH in young women, its influence on postoperative pregnancies has hardly been studied.
We therefore performed a questionnaire-based analysis of the course of pregnancies in
women with a history of PAO and found an increased rate of cesarean sections of 55.0%
in the first pregnancy after PAO, with the reported reason for this delivery type being a
history of pelvic osteotomy in three cases.

Prior to PAO, female patients are often concerned about the intervention’s influence
on later pregnancies and child delivery. To date, only very few reports with low patient
numbers concerning this issue exist, and thus evidence-based recommendations are lacking.
In line with previous reports, our analysis indicated that patients with a history of PAO
have a higher risk of delivering a child by cesarean section compared with the general
population [13,15]. In our cohort, 55.6% of woman delivered their first child after PAO
by cesarean section in contrast to an overall rate of 29.7% in German women [24]. This
rate did not change significantly after excluding patients with twin pregnancies or prior
pregnancies. In our study, the mean birth weight of first children after PAO was 3107.7 g,
which is in line with the previous report of Bartosiak et al. [16] but lower compared with
the mean birth weight in Germany [25].

While cesarean sections need to be performed due to medical indications such as
labor dystocia, fetal malpresentation or abnormal fetal heart rate tracing, they may also be
planned as an elective procedure for reasons such as the obstetrician’s or the patient’s pref-
erence [26,27]. In our analysis, four women reported that their obstetrician was concerned,
and three obstetricians recommended a cesarean section due to a history of PAO. This is in
line with a previous report, in which a history of pelvic osteotomy was named as a reason
for cesarean section in 6 of 20 births [16]. Reasons for obstetricians’ uncertainty regarding
the optimal birth procedure may be the lack of evidence of morphological changes in the
birth canal after pelvic osteotomy, and of pelvic parameters predicting failure of vaginal
delivery. Generally, a mid-pelvis diameter of less than 95 mm has previously been regarded
as the low threshold value for a vaginal delivery [28]. To date, only three studies investi-
gated birth canal changes after PAO. While Flückiger et al. studied pelvic radiographs and
found no significant changes in 17 women, Trousdale et al. measured pelvic diameters in
MR images of 7 women before and after PAO and also found no significant changes [13,14].
Loder et al. found a transverse mid-pelvis diameter below the threshold for cesarean
section in 20% of the included 30 patients’ radiographs [29]. However, they investigated
several different types of pelvic osteotomy and did not find a significant decrease in the
mid-pelvis diameter in either of the two included PAO procedures. Furthermore, it has
been shown that there is not enough evidence for the use of X-ray pelvimetry in deciding
on the mode of delivery. While women receiving pelvimetry have a higher risk of cesarean
section being performed, there is no reduction in fetal mortality or morbidity rates [15].

Cesarean sections are overall safe procedures and are associated with a low incidence
of perioperative complications. Thus, they are routinely performed in case of maternal
or fetal complications. At the same time, it has been shown that cesarean sections are
associated with significantly greater mortality and morbidity rates than vaginal deliveries,
which is mainly due to the high risk of hemorrhage and of infection [30–32]. Besides
these short-term risks, there are concerns regarding long-term risks such as placental
abnormalities in future pregnancies as well as the necessity to deliver subsequent children
via cesarean section, which in turn leads to an increase in surgical risk [33,34]. For the fetus,
cesarean section is safer, but there are risks mostly in terms of respiratory complications as
well [35].

Since the 1990s, cesarean rates have been increasing throughout the world. However,
due to a lack of evidence for a concomitant decrease in maternal or fetal morbidity or



J. Clin. Med. 2022, 11, 4836 7 of 9

mortality, it is assumed that cesarean delivery is overused [36]. Especially due to the long-
term risks associated with cesarean section and repeat cesarean delivery, much effort has
been devoted to safely reducing the primary cesarean delivery rate. While to achieve this,
a number of approaches are needed, it is necessary to provide evidence-based guidelines
with specific recommendations. Prior pelvic reconstructive surgery is often mentioned
as an indication for cesarean section, yet to date, there is no literature supporting this
claim [37].

Some limitations need to be discussed. First, the percentage of patients who replied to
the survey was 39.0%, and only 20 of these patients gave birth to a child after PAO. This
may have caused a nonresponse bias. Additionally, all analyzed data were self-reported by
the patients as we did not have access to any pregnancy-related patient charts. Furthermore,
the low patient number did not allow for any advanced statistical analysis or for any final
conclusions to be drawn. However, our results still add to the small existing body of
literature and may—especially with the threshold for performing procedures such as PAO
steadily lowering—lead to larger database studies being conducted [38].

Overall, our results add to the small existing body of literature, providing evidence
of an increased rate of cesarean sections in patients with a history of PAO. As, to date,
there is no reliable evidence for the necessity of delivering via cesarean section after
pelvic osteotomy, there is a need for high-quality studies investigating the benefit of
cesarean sections in this patient group. Especially since cesarean sections are associated
with higher morbidity and mortality compared with vaginal deliveries, evidence-based
recommendations are urgently needed.

Author Contributions: Conceptualization, F.S., C.H., J.L., C.P., S.H. and V.J.L.; data curation, F.S.,
J.L. and V.J.L.; formal analysis, F.S., J.L. and V.J.L.; investigation, F.S., J.L. and V.J.L.; methodology,
F.S., C.P., S.H. and V.J.L.; project administration, C.H., C.P., S.H. and V.J.L.; resources, C.P. and S.H.;
supervision, C.H., C.P. and S.H.; validation, F.S., C.H., C.P., S.H. and V.J.L.; visualization, F.S. and
V.J.L.; writing—original draft, F.S.; writing—review and editing, F.S., C.H., J.L., C.P., S.H. and V.J.L.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of Charité—Universitätsmedizin
Berlin (EA1/052/21; 28 April 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to patient privacy.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hartofilakidis, G.; Karachalios, T.; Stamos, K.G. Epidemiology, demographics, and natural history of congenital hip disease in

adults. Orthopedics 2000, 23, 823–827. [CrossRef]
2. Cooperman, D.R. How Good is the Evidence Linking Acetabular Dysplasia to Osteoarthritis? J. Pediatr. Orthop. 2019, 39, S20–s22.

[CrossRef] [PubMed]
3. Sohatee, M.A.; Ali, M.; Khanduja, V.; Malviya, A. Does hip preservation surgery prevent arthroplasty? Quantifying the rate of

conversion to arthroplasty following hip preservation surgery. J. Hip Preserv. Surg. 2020, 7, 168–182. [CrossRef]
4. Ganz, R.; Klaue, K.; Vinh, T.S.; Mast, J.W. A new periacetabular osteotomy for the treatment of hip dysplasias. Technique and

preliminary results. Clin. Orthop. Relat. Res. 1988, 232, 26–36. [CrossRef]
5. Siebenrock, K.A.; Schöll, E.; Lottenbach, M.; Ganz, R. Bernese periacetabular osteotomy. Clin. Orthop. Relat. Res. 1999, 363, 9–20.

[CrossRef]
6. Leopold, V.J.; Conrad, J.; Zahn, R.K.; Hipfl, C.; Perka, C.; Hardt, S. Fixation stability and implant-associated complications in

periacetabular osteotomy: A comparison of screw and K-wire fixation. Arch. Orthop. Trauma Surg. 2021, 1–7. [CrossRef]
7. Leopold, V.J.; Conrad, J.; Hipfl, C.; Müllner, M.; Khakzad, T.; Perka, C.; Hardt, S. Is transverse screw fixation really necessary in

PAO?-A comparative in vivo study. J. Hip Preserv. Surg. 2021, 8, 125–131. [CrossRef]

http://doi.org/10.3928/0147-7447-20000801-16
http://doi.org/10.1097/BPO.0000000000001360
http://www.ncbi.nlm.nih.gov/pubmed/31169642
http://doi.org/10.1093/jhps/hnaa022
http://doi.org/10.1097/00003086-198807000-00006
http://doi.org/10.1097/00003086-199906000-00003
http://doi.org/10.1007/s00402-021-04112-7
http://doi.org/10.1093/jhps/hnab034


J. Clin. Med. 2022, 11, 4836 8 of 9

8. Lara, J.; Garín, A.; Herrera, C.; Abara, S.; Besomi, J.; Villegas, D.; Neumann, H.; Tobar, C. Bernese periacetabular osteotomy:
Functional outcomes in patients with untreated intra-articular lesions. J. Hip Preserv. Surg. 2020, 7, 256–261. [CrossRef] [PubMed]

9. Wells, J.; Schoenecker, P.; Duncan, S.; Goss, C.W.; Thomason, K.; Clohisy, J.C. Intermediate-Term Hip Survivorship and Patient-
Reported Outcomes of Periacetabular Osteotomy: The Washington University Experience. J. Bone Jt. Surg. Am. 2018, 100, 218–225.
[CrossRef]

10. Ahmad, S.S.; Giebel, G.M.; Perka, C.; Meller, S.; Pumberger, M.; Hardt, S.; Stöckle, U.; Konrads, C. Survival of the dysplastic hip
after periacetabular osteotomy: A meta-analysis. Hip. Int. 2021. [CrossRef] [PubMed]

11. de Hundt, M.; Vlemmix, F.; Bais, J.M.; Hutton, E.K.; de Groot, C.J.; Mol, B.W.; Kok, M. Risk factors for developmental dysplasia of
the hip: A meta-analysis. Eur. J. Obstet. Gynecol. Reprod. Biol. 2012, 165, 8–17. [CrossRef]

12. Ishimatsu, T.; Naito, M.; Kinoshita, K.; Ishii, S.; Yamamoto, T. Three-dimensional computed tomography analysis on bony birth
canal after bilateral periacetabular osteotomy. J. Orthop. Sci. 2017, 22, 531–535. [CrossRef]

13. Trousdale, R.T.; Cabanela, M.E.; Berry, D.J.; Wenger, D.E. Magnetic resonance imaging pelvimetry before and after a periacetabular
osteotomy. J. Bone Jt. Surg. Am. 2002, 84, 552–556. [CrossRef]

14. Flückiger, G.; Eggli, S.; Kosina, J.; Ganz, R. Birth after peri-acetabular osteotomy. Orthopade 2000, 29, 63–67. [CrossRef]
15. Pattinson, R.C.; Cuthbert, A.; Vannevel, V. Pelvimetry for fetal cephalic presentations at or near term for deciding on mode of

delivery. Cochrane Database Syst. Rev. 2017, 3, CD000161. [CrossRef]
16. Bartosiak, K.; Stockburger, C.; Stockburger, J.; Putnam, S.; Conner, S.; Clohisy, J. Is Previous Periacetabular Osteotomy Associated

with Pregnancy, Delivery, and Peripartum Complications? Clin. Orthop. Relat. Res. 2020, 478, 68–76. [CrossRef]
17. Valenzuela, R.G.; Cabanela, M.E.; Trousdale, R.T. Sexual activity, pregnancy, and childbirth after periacetabular osteotomy. Clin.

Orthop. Relat. Res. 2004, 418, 146–152. [CrossRef]
18. Massie, W.K.; Howorth, M.B. Congenital dislocation of the hip. Part I. Method of grading results. J. Bone Jt. Surg. Am. 1950, 32,

519–531. [CrossRef]
19. Lequesne, M.; Seze, d. False profile of the pelvis. A new radiographic incidence for the study of the hip. Its use in dysplasias and

different coxopathies. Rev. Rhum. Mal. Osteoartic. 1961, 28, 643–652. [PubMed]
20. Heyman, C.H.; Herndon, C.H. Legg-Perthes disease; a method for the measurement of the roentgenographic result. J. Bone Jt.

Surg. Am. 1950, 32, 767–778. [CrossRef]
21. Wassilew, G.I.; Janz, V.; Renner, L.; Perka, C.; Pruss, A. Reduced rates of non-union with modified periacetabular osteotomy using

peracetic-acid sterilized cancellous allografts. Cell Tissue Bank. 2016, 17, 713–720. [CrossRef]
22. Martin, J.A.; Hamilton, B.E.; Osterman, M.J.K.; Driscoll, A.K.; Drake, P. Births: Final Data for 2016. Natl. Vital Stat. Rep. 2018, 67,

1–55.
23. Griffin, D.R.; Parsons, N.; Mohtadi, N.G.H.; Safran, M.R.; Multicenter Arthroscopy of the Hip Outcomes Research Network. A

short version of the International Hip Outcome Tool (iHOT-12) for use in routine clinical practice. Arthroscopy 2012, 28, 611–616.
[CrossRef]

24. Krankenhausentbindungen in Deutschland. Available online: https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/
Gesundheit/Krankenhaeuser/Tabellen/krankenhausentbindungen-kaiserschnitt.html (accessed on 19 April 2022).

25. Kiserud, T.; Piaggio, G.; Carroli, G.; Widmer, M.; Carvalho, J.; Neerup Jensen, L.; Giordano, D.; Cecatti, J.G.; Abdel Aleem, H.;
Talegawkar, S.A.; et al. The World Health Organization Fetal Growth Charts: A Multinational Longitudinal Study of Ultrasound
Biometric Measurements and Estimated Fetal Weight. PLoS Med. 2017, 14, e1002220. [CrossRef]

26. Boyle, A.; Reddy, U.M.; Landy, H.J.; Huang, C.-C.; Driggers, R.W.; Laughon, S.K. Primary Cesarean Delivery in the United States.
Obstet. Gynecol. 2013, 122, 33–40. [CrossRef]

27. Barber, E.L.; Lundsberg, L.S.; Belanger, K.; Pettker, C.M.; Funai, E.F.; Illuzzi, J.L. Indications contributing to the increasing cesarean
delivery rate. Obstet. Gynecol. 2011, 118, 29–38. [CrossRef] [PubMed]

28. Abitbol, M.M.; Taylor, U.B.; Castillo, I.; Rochelson, B.L. The cephalopelvic disproportion index. Combined fetal sonography and
x-ray pelvimetry for early detection of cephalopelvic disproportion. J. Reprod. Med. 1991, 36, 369–373. [PubMed]

29. Loder, R.T. The long-term effect of pelvic osteotomy on birth canal size. Arch. Orthop. Trauma. Surg. 2002, 122, 29–34. [CrossRef]
[PubMed]

30. Clark, S.L.; Belfort, M.A.; Dildy, G.A.; Herbst, M.A.; Meyers, J.A.; Hankins, G.D. Maternal death in the 21st century: Causes,
prevention, and relationship to cesarean delivery. Am. J. Obstet. Gynecol. 2008, 199, e31–e35, discussion 91–2. e7–e11. [CrossRef]

31. Committee on Practice Bulletins-Obstetrics. Practice Bulletin No. 183: Postpartum Hemorrhage. Obstet. Gynecol. 2017, 130,
e168–e186. [CrossRef]

32. Liu, S.; Liston, R.M.; Joseph, K.S.; Heaman, M.; Sauve, R.; Kramer, M.S. Maternal mortality and severe morbidity associated with
low-risk planned cesarean delivery versus planned vaginal delivery at term. Can. Med. Assoc. J. 2007, 176, 455–460. [CrossRef]
[PubMed]

33. Marshall, N.E.; Fu, R.; Guise, J.M. Impact of multiple cesarean deliveries on maternal morbidity: A systematic review. Am. J.
Obstet. Gynecol. 2011, 205, 262.e1–262.e8. [CrossRef] [PubMed]

34. Silver, R.M.; Landon, M.B.; Rouse, D.J.; Leveno, K.J.; Spong, C.Y.; Thom, E.A.; Moawad, A.H.; Caritis, S.N.; Harper, M.; Wapner,
R.J.; et al. Maternal morbidity associated with multiple repeat cesarean deliveries. Obstet. Gynecol. 2006, 107, 1226–1232.
[CrossRef] [PubMed]

http://doi.org/10.1093/jhps/hnaa014
http://www.ncbi.nlm.nih.gov/pubmed/33163210
http://doi.org/10.2106/JBJS.17.00337
http://doi.org/10.1177/11207000211048425
http://www.ncbi.nlm.nih.gov/pubmed/34569355
http://doi.org/10.1016/j.ejogrb.2012.06.030
http://doi.org/10.1016/j.jos.2017.01.019
http://doi.org/10.2106/00004623-200204000-00007
http://doi.org/10.1007/s001320050009
http://doi.org/10.1002/14651858.CD000161.pub2
http://doi.org/10.1097/CORR.0000000000000921
http://doi.org/10.1097/00003086-200401000-00023
http://doi.org/10.2106/00004623-195032030-00005
http://www.ncbi.nlm.nih.gov/pubmed/14464207
http://doi.org/10.2106/00004623-195032040-00004
http://doi.org/10.1007/s10561-016-9587-0
http://doi.org/10.1016/j.arthro.2012.02.027
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Krankenhaeuser/Tabellen/krankenhausentbindungen-kaiserschnitt.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Krankenhaeuser/Tabellen/krankenhausentbindungen-kaiserschnitt.html
http://doi.org/10.1371/journal.pmed.1002220
http://doi.org/10.1097/AOG.0b013e3182952242
http://doi.org/10.1097/AOG.0b013e31821e5f65
http://www.ncbi.nlm.nih.gov/pubmed/21646928
http://www.ncbi.nlm.nih.gov/pubmed/2061886
http://doi.org/10.1007/s004020100322
http://www.ncbi.nlm.nih.gov/pubmed/11995877
http://doi.org/10.1016/j.ajog.2008.03.007
http://doi.org/10.1097/AOG.0000000000002351
http://doi.org/10.1503/cmaj.060870
http://www.ncbi.nlm.nih.gov/pubmed/17296957
http://doi.org/10.1016/j.ajog.2011.06.035
http://www.ncbi.nlm.nih.gov/pubmed/22071057
http://doi.org/10.1097/01.AOG.0000219750.79480.84
http://www.ncbi.nlm.nih.gov/pubmed/16738145


J. Clin. Med. 2022, 11, 4836 9 of 9

35. Indraccolo, U.; Pace, M.; Corona, G.; Bonito, M.; Indraccolo, S.R.; Di Iorio, R. Cesarean section in the absence of labor and risk
of respiratory complications in newborns: A case-control study. J. Matern. Fetal Neonatal Med. 2019, 32, 1160–1166. [CrossRef]
[PubMed]

36. Gregory, K.D.; Jackson, S.; Korst, L.; Fridman, M. Cesarean versus vaginal delivery: Whose risks? Whose benefits? Am. J. Perinatol.
2012, 29, 7–18. [CrossRef] [PubMed]

37. Sung, S.; Mahdy, H. Cesarean Section; StatPearls Publishing: Florida, FL, USA, 2022.
38. Ahmad, S.S.; Windhagen, H.; Khanduja, V. Back to the Future with Osteotomies around the Hip. J. Clin. Med. 2022, 11, 4446.

[CrossRef] [PubMed]

http://doi.org/10.1080/14767058.2017.1401999
http://www.ncbi.nlm.nih.gov/pubmed/29103350
http://doi.org/10.1055/s-0031-1285829
http://www.ncbi.nlm.nih.gov/pubmed/21833896
http://doi.org/10.3390/jcm11154446
http://www.ncbi.nlm.nih.gov/pubmed/35956062

	Introduction 
	Materials and Methods 
	Patients 
	Preoperative Radiological Imaging 
	Surgical Technique 
	Postoperative Radiological Assessment 
	Survey 
	Statistical Analysis 

	Results 
	Discussion 
	References

