
Citation: Mai, M.; van Stralen, R.A.;

Moerman, S.; van Bergen, C.J.A.

Postoperative Cast Immobilization

Might Be Unnecessary after Pelvic

Osteotomy for Children with

Developmental Hip Dysplasia: A

Systematic Review. Surg. Tech. Dev.

2024, 13, 9–21. https://doi.org/

10.3390/std13010002

Academic Editor: Egidio Riggio

Received: 1 October 2023

Revised: 13 November 2023

Accepted: 9 January 2024

Published: 15 January 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Systematic Review

Postoperative Cast Immobilization Might Be Unnecessary after
Pelvic Osteotomy for Children with Developmental Hip
Dysplasia: A Systematic Review
Mohamed Mai 1,*, Renée A. van Stralen 2 , Sophie Moerman 3 and Christiaan J. A. van Bergen 2,4

1 Faculty of Medicine, VU Medical Centre, 1081 HV Amsterdam, The Netherlands
2 Department of Orthopaedic Surgery and Sports Medicine, Erasmus University Medical Center—Sophia

Children’s Hospital, 3015 CN Rotterdam, The Netherlands; r.a.vanstralen@gmail.com (R.A.v.S.);
cvanbergen@amphia.nl (C.J.A.v.B.)

3 Department of Orthopaedic Surgery, University Medical Center Groningen, 9713 GZ Groningen, The
Netherlands; s.moerman@umcg.nl

4 Department of Orthopaedic Surgery, Amphia Hospital, 4818 CK Breda, The Netherlands
* Correspondence: m.mai@student.vu.nl

Abstract: Background: Developmental dysplasia of the hip (DDH) is a common disorder of atypical
hip development. Pelvic osteotomy (e.g., according to Salter, Pemberton or Dega) may be indicated
for children with DDH at walking age. The most popular postoperative treatment is a hip spica cast.
Alternative postoperative options include abduction braces and non-weightbearing protocols combined
with physical therapy. The aim of this systematic review was to determine the most effective form of
postoperative treatment after unilateral pelvic osteotomy in children with DDH in terms of clinical and
radiological outcomes and complications. Methods: A systematic review was conducted and reported
according to Preferred Reporting Items for Systematic Reviews and Meta-Analysis 2020 guidelines and
registered in the international prospective register of systematic reviews. Articles were selected from
PubMed, Embase and Cochrane databases. The quality of all (non-)randomized included studies was
assessed using the Methodological Index for Non-Randomized Studies (MINORS) criteria. Results:
The search strategy yielded 3524 articles. Fourteen articles with 367 total hips were included in this
review. A total of 312 hips were treated with spica casts, 49 with abduction braces and 6 with non-
weightbearing protocols. The quality of evidence was moderate (MINORS, 3–12 points). All types of
postoperative treatments had good clinical outcomes overall, without secondary displacement of the
osteotomy. Clinical outcomes for spica casts were reported according to McKay’s criteria in 135 hips,
with 123 excellent and 12 good results. Clinical outcomes for abduction braces showed satisfaction
for all parents (49 of 49). The radiological outcome was overall well preserved with any postoperative
treatment. There was a higher complication rate with the use of hip spica casts, including avascular
necrosis, pain complaints and superficial infections. Conclusion: This systematic review showed no
benefit of postoperative spica casts compared with abduction braces and avoidance of weightbearing
after simple pelvic osteotomy for residual DDH.

Keywords: DDH; developmental dysplasia of the hip; spica cast; pelvic osteotomy; Salter
Pemberton; Dega

1. Introduction

Developmental dysplasia of the hip (DDH) is a disorder of abnormal development of
the hip joint [1–4] and can be divided into dislocated, subluxed and dysplastic hips [1–4].
The incidence of hip dysplasia is 10 in 1000 children, and the incidence of a hip dislocation
is approximately 1 in 1000 [5,6]. The cause of DDH is still unknown. Next to mechanical
and environmental factors, genetic factors have been studied and associated with the
development of DDH. Several risk factors are known, such as positive family history,
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female sex and breech positioning in the third trimester [7]. In a recent retrospective single-
center multifactorial study of Ionescu et al. [8], it was found that there is an association of
two or more risk factors with DDH. However, each factor alone did not have an influence
on pathological hip development.

Irrespective of the risk factors, the clinical examination of newborns has to be per-
formed on every child. In children with positive risk factors, ultrasound examination
is recommended at the age of 6 weeks. Overall, hip ultrasound is considered the gold
standard for the diagnosis and monitoring of DDH in children under 6 months old [9].

The standard treatment for DDH in the newborn is an abduction device (e.g., Pavlik
harness). In cases of residual dysplasia or missed dislocations after the age of 18–24 months,
more invasive treatments such as femoral osteotomies and pelvic osteotomies are re-
quired [10–12]. Common pelvic osteotomy procedures are the Salter, Dega and Pemberton
osteotomies [1]. These osteotomies are suitable for children with an open triradiate carti-
lage [1,13]. The age of the child, the location and the severity of the acetabular dysplasia
and the preference of the surgeon may be important factors in determining which type of
pelvic osteotomy will be performed [14].

After a pelvic osteotomy, the most popular immobilization method for children with
DDH is a hip spica cast to assist in pain relief and osseous union [15]. There are different
types of spica casts: single-leg casts, ‘one and a half’, bilateral short-leg casts, bilateral long-
leg casts and hip spica with a reinforcement bar. A spica cast can be applied with plaster or
fiberglass. The casts are usually applied for a period of 6–12 weeks. A period of physiother-
apy assistance may be required for children, as their muscles and ligaments could be tight
and sore after the plaster immobilization. However, spica casting may be inconvenient for
the patients and their parents [15]. It could result in superficial skin irritations, redness,
blistering, open or draining wound areas, pressure spot lesions and infections. Other side
effects mentioned are pain complaints and rigidity of the hip joint [6,15].

There are several alternatives to hip spica casts, such as functional rehabilitation and
abduction braces [6,15]. Functional rehabilitation promotes hip function, strengthens the
hip joint and maximizes the patient’s range of motion. The abduction brace is used to
prevent excessive hip flexion and to provide stability to the hip. It is unknown, however, if
alternative forms of postoperative treatment have a comparable result to spica casting after
a unilateral pelvic osteotomy.

The aim of this systematic review was to determine whether there was a difference be-
tween the spica cast and alternative postoperative treatments (particularly abduction braces
and non-weightbearing) regarding relevant clinical and radiological outcome measures as
well as complications in children with DDH who underwent unilateral pelvic osteotomy.

2. Materials and Methods
2.1. Study Design

The review was conducted and reported according to the ‘Preferred Reporting Items
for Systematic Reviews and Meta-Analyses’ guidelines (PRISMA 2020) [16,17]. In addition,
the review was registered in the international prospective register of systematic reviews
(PROSPERO) [16,17] under registration number CRD42021289732.

2.2. Article Selection and Methodological Quality

Articles were searched in multiple databases (PubMed, Embase and Cochrane) on
20 October 2021. The search strategy can be retrieved from Appendix A (Table A1). The
selected studies were not blinded with respect to the author, affiliation or source. The
systematic review was performed using Rayyan [18], a web application systematic review
tool. Duplicate records were identified and removed with the Mendeley citation man-
ager [19]. Two independent reviewers (MM and RvS) screened the titles, abstracts, full texts
and reference lists. If there was no agreement between these reviewers, an independent
reviewer (CvB) was involved. Data extraction was performed by one researcher (MM).
Authors of articles that did not mention the type of postoperative treatment or that did not
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distinguish between different subgroups regarding the results (in case some patients also
underwent concomitant or bilateral procedures) were contacted by mail in order to obtain
the original data. The quality of all included (non-)randomized studies was assessed using
the ‘Methodological Index for Non-Randomized Studies’ (MINORS index) criteria [17,20].

2.3. Inclusion and Exclusion Criteria

Original studies were selected if they included children with an open triradiate carti-
lage that had undergone a simple pelvic osteotomy (e.g., according to Salter, Pemberton or
Dega) and if postoperative treatment was described. Studies needed to report on at least
one relevant outcome parameter, i.e., pain, satisfaction, consolidation, complication rates or
clinical and/or radiographic outcomes. Studies were only considered if they included a
minimum of five patients and were written in English, French, German or Dutch. Review ar-
ticles, letters to the editor, case reports, expert opinions and surgical technique papers were
excluded. Moreover, studies about other types of pelvic osteotomies were excluded (e.g.,
Chiari, periacetabular or triple osteotomy). Papers that described simultaneous bilateral
procedures and/or combined procedures were also excluded.

2.4. Data Extraction

The following baseline parameters were recorded when available: number of patients,
sex, age, type of surgical treatment, type and duration of postoperative treatment and
the duration of follow-up. In addition, relevant outcome parameters were recorded, in-
cluding pain, satisfaction, consolidation and clinical and radiographic complications (graft
displacement, loss of integrity and prolonged hospital stay due to complications), as well
as functional and radiographic outcomes (the preoperative, first and final postoperative
acetabular index (AI), the center-edge angle (CEA) and the Severin score). The clinical
methods of evaluation that were used were McKay’s criteria and the Trevor clinical score.
McKay’s criteria [21] is a clinical evaluation system for the measurement of the presence of
a limp, symptoms of pain in the hip, the Trendelenburg sign and the range of movement,
with a possible grading from I to IV (excellent to poor). Trevor’s clinical score [22] is a
measure of pain complaints, the range of motion, the function of the hip as considered
by the patient and radiological assessment (with a maximum score of 20 points). The
score can be excellent (18–20), good (15–17), fair (12–14) and poor (<12). Overall good
clinical outcome was defined as either a good/excellent McKay’s criteria or Trevor’s score
or satisfaction of the children and parents with the treatment.

2.5. Statistical Analysis

This review presents descriptive data, such as the mean and the range of the age (in
months) and the mean follow-up (in months). No meta-analysis of the data was conducted
due to the heterogeneity of the included studies. This was mainly because the mean age of
the children and follow-up times ranged widely.

3. Results
3.1. Literature Search Process

The search strategy yielded a total of 3524 articles (Figure 1). There were 1835 PubMed
hits, 1646 Embase hits and 43 Cochrane hits. After the removal of 846 duplicates, a total of
2678 articles were screened based on the title and abstract, of which 133 were found to be
eligible for full-text screening. After full-text evaluation, 14 articles were included in our
review [23–36], including 3 articles that were added based on additional data/information
obtained through contact by mail with several authors [27,35,36].
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flowchart:
the study selection process.

3.2. Study Characteristics and Methodological Quality

Table 1 shows the baseline characteristics of the 14 included studies [23–36]. Eleven
of the studies included were retrospective [24–27,30–36], of which five were compara-
tive [26,31,34–36] and six were case series [24,25,27,30,32,33]. Three studies were prospec-
tive [23,28,29], of which two studies were comparative [23,28] and one study was a case
series [29]. A total of 367 hips in 312 children were included. One study included children
who had consecutive bilateral hip osteotomy [26]. The number of hips included per study
ranged between 5 and 110. The quality of evidence in the included studies was moderate,
with a MINORS score ranging from 3 (out of 16) to 12 (out of 24) points (see Table 1).

Table 1. Baseline characteristics of the included studies.

Study Authors Study Design Number of Hips Mean Age in Months
at Treatment (Range)

Mean Follow-Up
in Months

(Range)
MINORS

Akman et al. [23] Prospective 15 22.4 (N.R.) 48.8 (N.R.) 9/24

|15 of 47 hips valid|

|Surgical technique: Salter|

|Postoperative treatment:
hip spica cast 6–8 weeks,
afterwards abduction
orthosis 3 months|

|Male: Female (2:13)|

Aksoy et al. [24] * Retrospective 23 32.7 (18.0–63.0) 41.7 (12.0–107.0) 5/16
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Table 1. Cont.

Study Authors Study Design Number of Hips Mean Age in Months
at Treatment (Range)

Mean Follow-Up
in Months

(Range)
MINORS

|23 of 35 hips valid|

|Surgical technique: Dega|

|Postoperative treatment:
hip spica cast|

|Male: Female (5:18)|

Chukwunyerenwa et al. [25] Retrospective 49 24.0 (18.0–54.0) 24.0 (12.0–60.0) 8/16

|49 of 49 hips valid|

|Surgical technique: Less
invasive Salter|

|Postoperative treatment:
abduction brace 6 weeks|

|Male: Female (3:46)|

Ezirmik et al. [26] Retrospective 110 23.0 (N.R.) 70.7 (N.R.) 10/24

|110 of 220 hips valid|

|Surgical technique: Salter;
Pemberton|

|Postoperative treatment:
spica cast 6 weeks|

|Male: Female (5:50)|

|Hospitalization:
11.5 days|

Hedelin et al. [27] Retrospective 7 68.4 (43.2–134.4) N.R. 7/16

|7 of 21 hips valid|

|Surgical technique: Salter|

|Postoperative treatment:
avoidance full
weightbearing (n = 6); spica
cast (n = 1); 6 weeks|

|Male: Female (1:7)|

|Hospitalization: 7 days|

Kamegaya et al. [28] Prospective 13 56.7 (26.0–69.0) 28.8 (12.0–47.0) 7/24

|13 of 19 hips valid|

|Surgical technique: Salter|

|Postoperative treatment:
hip spica cast 6 weeks|

|Male: Female (1:12)|

Nakamura et al. [29] Prospective 8 63.6 (36.0–84.0) 34.0 (3.0–72.0) 3/16

|8 of 8 hips valid|

|Surgical technique: Salter|

|Postoperative treatment: 1
½ leg Spica 4–6 weeks|

|Male: Female (1:7)|

Rampal et al. [30] Retrospective 7 41.16 (24.0–72.0) 84.0 (N.R.) 7/16
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Table 1. Cont.

Study Authors Study Design Number of Hips Mean Age in Months
at Treatment (Range)

Mean Follow-Up
in Months

(Range)
MINORS

|7 of 16 hips valid|

|Surgical technique:
modified Dega|

|Postoperative treatment:
hip spica cast 6 weeks|

|Male: Female (N.R.)

Synder et al. [31] Retrospective 10 55.4 (37.2–74.4) 37.68 (24.0–72.0) 9/24

|10 of 30 hips valid|

|Surgical technique:
Kalamchi Salter|

|Postoperative treatment:
spica 6–8 weeks, afterwards
physical therapy|

|Male: Female (3:7)|

Vendantam et al. [32] Retrospective 5 116.4 (97.0–161.0) 71.2 (28.0–100.0) 6/16

|5 of 16 hips valid|

|Surgical technique:
Pemberton|

|Postoperative treatment:
spica 6 weeks|

|Male: Female (N.R.)|

Wada et al. [33] Retrospective 5 106.56 (85.2–122.4) 121.2 (97.2–141.6) 5/16

|5 of 17 hips valid|

|Surgical technique:
Pemberton|

|Postoperative treatment:
hip spica cast 3–4 weeks,
afterwards physical
therapy|

|Male: Female(0:5)|

Wang et al. [34] Retrospecitve 42 12/24

|42 of 42 hips valid|

|Surgical technique: Salter;
Pemberton|

|Postoperative treatment: 1
½ spica 6 weeks|

Salter: n = 14 19.2 (N.R.) 264.0 (N.R.)

|Male: Female (0:14)|

Pemberton: n = 28 20.4 (N.R.) 192.0 (N.R.)

|Male: Female (5:23)|

Wada et al. [35] * Retrospective 61 8/24

|61 of 61 hips valid|

|Surgical technique:
(Angulated) Salter
osteotomy (ASO; SO)|



Surg. Tech. Dev. 2024, 13 15

Table 1. Cont.

Study Authors Study Design Number of Hips Mean Age in Months
at Treatment (Range)

Mean Follow-Up
in Months

(Range)
MINORS

|Postoperative treatment: 1
½ hip spica cast 5 weeks|

Angulated Salter: n = 41 64.8 (50.4–94.8) 39.6 (13.2–80.4)

|Male: Female (2:39)|

|Spica hip abduction and
flexion 10–20 degrees|

Salter: n = 20 64.8 (34.8–81.6) 34.8 (27.6–42.0)

|Male: Female (2:18)|

|Spica hip abduction and
flexion 10–20 degrees|

Shin et al. [36] ** Retrospective 12 12/24

|12 of 84 hips valid|

|Surgical technique: Salter;
Pemberton; Dega|

|Postoperative treatment:
hips spica cast|

Salter: n = 4 34.8 (26.0–58.0) 176.3
(157.0–204.0)

|Spica hip abduction 25–45◦

and flexion 40–70◦|

|Male: Female (2:2)|

Pemberton: n = 3 28.7 (24.0–31.0) 196.3
(112.0–253.0)

|Spica hip abduction and
flexion N.R.|

|Male: Female (1:2)|

Dega: n = 5 35.8 (27.0–53.0) 93.2 (71.0–106.0)

|Spica hip abduction 30◦

and flexion 30◦|

|Male: Female (0:5)|

N.R. = not reported. * Method of postoperative treatment received via mail. ** Raw data received via mail.

3.3. Surgical Treatment

The Salter osteotomy [37] (including the less invasive, Kalamchi and angulated vari-
ants) was used in eight studies (236 hips) [23,26–29,33–36]. Three studies (35 hips) described
the results after a (modified) Dega osteotomy [24,30,36] and five studies (96 hips) described
the results after a Pemberton osteotomy [32–34,36].

3.4. Postoperative treatment

A hip spica cast was used in 13 studies (312 hips) [23,24,26–36]. Three studies
(111 hips) [29,34,35] reported the type of spica cast that was used: all were ‘one and a half’
leg spica casts that were used for a duration of 5 or 6 weeks. The study of Wada et al. [35]
(61 hips) applied abduction and flexion of 10◦–20◦ after (angulated) Salter osteotomy, while
Shin et al. [36] (12 hips) applied hip abduction and flexion of 25◦–70◦ after Salter osteotomy
and 30◦ hip abduction and 30◦ flexion after Dega osteotomy. An abduction brace was used
in 49 hips [25], and avoidance of full weightbearing was used in 6 hips [27].
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3.5. Clinical Outcomes

The clinical methods of evaluation that were used were McKay’s criteria [26,31,33]
and the Trevor clinical score [26] (see Table 2). A total of 123 hips that underwent hip
spica casting (after either Salter, Pemberton or Dega osteotomy) had an excellent McKay’s
score [26,31,33]. Regarding the Trevor clinical score, 106 hips were excellent after either
Salter or Pemberton osteotomy and spica casting [26]. Clinical scores were not evaluated in
the patients treated with an abduction brace or avoidance of weightbearing. Only Chuck-
wunyerenwa et al. [23] mentioned the satisfaction regarding postoperative management:
all 49 parents and children were highly satisfied with the abduction brace.

Table 2. Outcomes by postoperative treatment.

Salter Pemberton Dega Total

Hip spica cast [23,24,26–36] (n = 312)

Clinical outcomes

McKay’s criteria

Excellent n = 59 (18.9%) n = 64 (20.5%) N/A n = 123 (91.1%)

Good n = 6 (1.9%) n = 6 (1.9%) N/A n = 12 (8.9%)

Trevor clinical score

Excellent n = 53 (17%) n = 53 (17%) N/A n = 106 (96.4%)

Good n = 2 (0.6%) n = 2 (0.6%) N/A n = 4 (3.6%)

Complications

AVN n = 14 * (4.5%) n = 23 * (7.4%) n = 1 (0.3%) n = 49 * (15.7%)

Pain n = 6 (1.9%) n = 28 (9.0%) N.R. n = 34 (10.9%)

Fracture N.R. N.R. n = 1 (0.3%) n = 1 (0.3%)

Loss of hip position n = 1 (0.3%) N.R. N.R. n = 1 (0.3%)

Greater trochanteric overriding N.R. N.R. n = 1 (0.3%) n = 1 (0.3%)

Superficial infections N.S. * N.S. * N.R. n = 3 * (1.0%)

Graft displacements N.R. N.R. N.R. N.R.

Radiological outcome

Severin score *

I n = 52 (17%) n = 53 (17%) n = 4 (1.3%) n = 109 (76.8%)

II n = 13 (4.2%) n = 5 (1.6%) n = 1 (0.3%) n = 19 (13.4%)

III n = 4 (1.3%) n = 6 (1.9%) n = 10 (7.0%)

IV n = 4(1.3%) n = 4 (2.8%)

Abduction brace [25] (n = 49)

Clinical outcomes

Satisfaction with postoperative
treatment

All parents and
children were

satisfied
N/A N/A n = 49 (100%)

Complications N/A N/A

AVN n = 0

Pain n = 0

Fracture n = 0

Loss of hip position n = 0
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Table 2. Cont.

Salter Pemberton Dega Total

Greater trochanteric overriding n = 0

Superficial infections n = 2 (4.1%) n = 2 (4.1%)

Graft displacements n = 0

Radiological outcome N/A N/A N/A N/A

Severin score

Avoidance of weightbearing [27]
(n = 6)

Clinical outcomes N/A N/A N/A N/A

Complications N/A N/A N/A

AVN n = 0

Pain n = 0

Fracture n = 0

Loss of hip position n = 0

Greater trochanteric overriding n = 0

Superficial infections n = 0

Graft displacements n = 0

Radiological outcomes N/A N/A N/A N/A

Severin score

N/A (not available); N.R. (not reported); N.S (not specifiable).* Due to no distinction in results regarding the
use of Pemberton or Salter osteotomies in the study of Ezirmik et al., [26] the number of AVN and superficial
infections of this study have only been included in the total number column.

The mean duration of hospitalization after the use of hip spica casts was 11.6 days in
the study of Ezirmik et al. [26] and 7 days in the study of Hedelin et al. [27] (see Table 1).

3.6. Complications

With respect to the 312 hips treated with a spica cast, pain was reported in 34 hips
(10.9%) [34], avascular necrosis (AVN) occurred in 49 hips (15.7%) [26,27,34], and 3 hips
suffered superficial infections (1%) [26] (see Table 2). Two hips (4.1%) suffered superficial
infections [25] after the use of abduction braces, and no AVN or pain complaints were
observed in this group (see Table 2). In the avoidance of weightbearing group, none of the
aforementioned complications occurred (see Table 2).

3.7. Radiological Results

The Severin score was reported in five studies after the use of a hip spica cast [26,31–33,36].
A total of 109 hips (76.8%) were graded as Severin score I (see Table 2).

Four studies [24,25,27,30] presented the radiological results preoperatively, directly
postoperatively and at the final postoperative follow-up, which is interesting for assessing
the maintenance of acetabular correction (see Table 3). None of the studies reported
deterioration of the radiological outcomes during follow-up (see Table 3).
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Table 3. Radiological maintenance of acetabular correction.

Radiological Acetabular
Correction

Salter Dega

Hip Spica Cast [27,30]
n = 8

Abduction Brace [25]
n = 49

Avoidance of
Weightbearing [27]

n = 6

Hip Spica Cast [24,30]
n = 30

Mean preoperative AI 30.5◦ 35.1◦ 26.3◦ 32.8◦

Mean first postoperative AI 20.3◦ 18.4◦ 14.2◦ 18.8◦

Mean final postoperative AI 12.4◦ 14.9◦ 12.2◦ 12.7◦

Mean preoperative CEA 8.8◦ N/A 14.5◦ 7.7◦

Mean first
postoperative CEA 25.4◦ N/A 24.7◦ 23.7◦

Mean final
postoperative CEA 29.9◦ N/A 28.5◦ 28.7◦

N/A = not applicable; AI = acetabular index; CEA = center-edge angle.

4. Discussion

To the best of our knowledge, this is the first systematic review of the effectiveness of
postoperative spica casts after a unilateral pelvic osteotomy in children with DDH. With
the present review, we have evaluated the clinical and radiological outcomes of all of
the available literature about this subject. We included 367 hips in the review, of which
312 were treated with a spica cast, 49 with an abduction brace and 6 with avoidance of
weightbearing. The quality of the included studies was moderate. The data show that a hip
spica cast, abduction brace and avoidance of weightbearing can all be safe and satisfactory
methods of postoperative management according to the clinical results, complication data
and radiological findings. No graft displacements occurred, and the consolidation of the
pelvic osteotomies was overall preserved. Avascular necrosis was only seen with the
use of spica casting. These outcomes question the added value of spica casting in the
postoperative management of simple pelvic osteotomies for DDH at walking age.

In general, only a few complications were reported, which mostly occurred after the
use of a spica cast, irrespective of the position of the cast of the prior pelvic osteotomy
technique. This is in line with the literature [6,15], since it is known that immobilization
with spica casts may lead to several complications. Most of these complications were
related to the procedure, such as pain and AVN. The complications were independent of
the duration of spica cast application (generally 6 weeks) and the surgical treatment used.
In the population treated with an abduction brace, there were two superficial infections.
Despite these two complications, all parents and children were satisfied with the use of the
plastic abduction brace. Pisecky et al. [6,15] and Gather et al. [38] suggested that abduction
foam braces may be more suitable alternatives for spica casting to prevent complications in
children with DDH. However, in the current review, no studies that used a foam splint as a
postoperative treatment were included.

Another important outcome measure was the radiological outcome. Since the im-
provement of the AI and CEA is mostly caused by the pelvic osteotomy performed, it is
important to consider the maintenance of the AI and CEA postoperatively up to the final
postoperative treatment to determine the radiological effect of postoperative treatment,
since a dislocation of the graft could result in the deterioration of the AI and CEA. The
maintenance of acetabular correction after pelvic osteotomy in children with DDH is essen-
tial for the stability of the hip. Consequently, even if the use of alternative postoperative
management may result in more convenience compared to the use of a hip spica cast, it
may not be of added value in the case of a lost acetabular correction.

Nevertheless, the AI and CEA correction were overall well maintained after any post-
operative method. In the current review, avoidance of weightbearing (for 6 weeks) resulted
in no complications, and maintenance of the radiological outcomes was comparable to hip
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spica casts. Therefore, the avoidance of weightbearing may be as safe as the use of hip spica
casting. However, only six children were included in this study, and it may be challenging
for young children to remain non-weightbearing. In addition to the postoperative methods
reviewed, Miller et al. [39] suggested initial non-weightbearing of a maximum of four days,
followed by physical therapy, with promising outcomes.

A strength of this review is the comprehensive systematic search method to find all
relevant studies on this subject. Most of the postoperative treatment modalities had a
similar mean duration of approximately six weeks. Also, only children with DDH who
underwent unilateral pelvic osteotomy without concomitant procedures were included.
The authors have used the numbers and results of all of the children with DDH from
the available articles to demonstrate an overview of the results of different postoperative
methods in children with DDH.

The review also has limitations. The relatively low number of 367 included hips is a
clear limitation. It must be mentioned that the minority of included studies used alternative
postoperative treatments. Also, the immediate postoperative AI and the follow-up AI
were not available for all studies, which are important for comparing the maintenance of
the surgical correction. Consequently, the authors only presented the maintenance of AI
and CEA correction for four studies. Moreover, insufficient information was found for
differentiating between types of casts and durations of immobilization. Furthermore, we
applied strict inclusion and exclusion criteria, which led us to the exclusion of a relatively
large number of studies. In addition, no meta-analysis could be performed because of
the heterogeneity of the data. Higher-quality research is needed to determine the optimal
postoperative treatment protocol.

5. Conclusions

In conclusion, this systematic review shows no advantage of hip spica casting postop-
eratively compared to abduction braces and avoidance of weightbearing. However, the
number of hips included that used the alternative types of postoperative management is
relatively few in this review.
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Appendix A

Table A1. Search strategy.

Pubmed:

#1

((Osteotomy[Mesh:NoExp] OR osteom*[tiab] AND (hip[tiab] OR pelvi*[tiab] OR
acetabul*[tiab])) OR “Acetabuloplasty”[Mesh] OR Acetabuloplast*[tiab] OR

“acetabulum plasty”[tiab] OR Salter[tiab] OR Pemberton[tiab] OR Dega[tiab] OR
“hip reconstruction*”[tiab] NOT arthroplast*[tiab]

#2

“Developmental Dysplasia of the Hip”[Mesh] OR “Hip Dislocation,
Congenital”[Mesh] OR DDH[tiab] OR ((hip[tiab]) AND (dislocat*[tiab] OR

luxation[tiab] OR dysplasia[tiab] OR displacement[tiab] AND (congenital[tiab] OR
development[tiab]))
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Table A1. Cont.

Embase:

#1

‘Pelvis osteotomy’/de OR ((osteotom*:ti,ab,kw) AND (hip:ti,ab,kw OR
pelvi*:ti,ab,kw OR acetabul*:ti,ab,kw)) OR ‘acetabuloplasty’/exp OR

acetabuloplast*:ti,ab,kw OR ‘acetabulum plasty’:ti,ab,kw OR Salter:ti,ab,kw OR
Pemberton:ti,ab,kw, OR Dega:ti,ab,kw OR ‘hip reconstruction’:ti,ab,kw NOT

arthroplast*”ti,ab,kw

#2
‘Hip dysplasia’/exp OR ‘congenital hip dislocation’/exp OR ddh:ti,ab,kw OR

((hip:ti,ab,kw) AND (dislocat*:ti,ab,kw OR luxation:ti,ab,kw OR dysplasia:ti,ab,kw
OR displacement:ti,ab,kw) AND (congenital:ti,ab,kw OR developmental:ti,ab,kw))

#3 NOT ‘conference abstract’/it

Cochrane:

#1

((Osteotom*:ti,ab,kw) AND (hip:ti,ab,kw OR pelvi*:ti,ab,kw OR acetabul*:ti,ab,kw))
OR acetabuloplast*:ti,ab,kw OR “acetabulum plasty”:ti,ab,kw OR Salter:ti,ab,kw OR

Pemberton:ti,ab,kw OR Dega:ti,ab,kw OR “hip reconstruction”:ti,ab,kw NOT
artrhoplast*:ti,ab,kw

#2
DDH:ti,ab,kw OR ((hip:ti,ab,kw) AND (dislocat*:ti,ab,kw OR luxation:ti,ab,kw OR

dysplasia:ti,ab,kw OR displacement:ti,ab,kw) AND (congenital:ti,ab,kw OR
developmental:ti,ab,kw))

* (asterisk) = truncation symbol to search for multiple variants of a word at once in databases.
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