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Abstract

Background In patients with cerebral palsy (CP), spastic hip is a prevalent complication. Various surgical approaches,,
including pelvic osteotomy (PO), femoral osteotomy (FO), combined femoral and pelvic osteotomy (CFPO), and soft
tissue surgery (STS), have been used to address this problem. This systematic review and meta-analysis was designed
to compare the radiologic outcomes of these interventions for spastic hip in patients with CP.

Methods To identify relevant studies, databases were searched using specific keywords. Initially, duplicates were
removed, then the titles and abstracts were screened, followed by a comprehensive full-text review. Data extraction
took place from the studies that met the inclusion criteria. Subsequently, a meta-analysis was conducted.

Results The analysis of 6116 hips from 4546 patients across 81 studies demonstrated that PO significantly enhanced
the center—edge angle (CEA), reduced the acetabular index (Al) and migration percentage (MP), and improved

the Sharp and Ténnis angles. FO led to a substantial decrease in Al and MP, though CEA did not show a significant
change, while CFPO resulted in significant improvements across Al, MP, neck-shaft angle (NSA), CEA, Sharp angle,
and Tonnis angle. STS did not show significant changes in Al or CEA, but MP was notably reduced. Tone-decreasing
procedures, such as selective dorsal rhizotomy and botulinum toxin injections, did not significantly alter MP, whereas
guided growth techniques showed a significant reduction. MP improvements in FO decreased over time, with other
radiologic parameters remaining relatively stable as follow-up increased. Age-specific trends indicated that children
under 6 years primarily underwent tone-decreasing procedures and STS, while those around 7 years favored FO

and guided growth, and older children (over 9 years) more commonly underwent PO, CFPO, or percutaneous oste-
otomy. Comparative analysis showed PO and percutaneous osteotomy were particularly more effective in reducing
MP, with PO also being superior for Al improvement; whereas CFPO provided better outcomes for enhancing CEA. No
significant differences were found among surgical methods for improving NSA.

Conclusions This systematic review and meta-analysis underscores the superior efficacy of PO and CFPO in cor-
recting spastic hip deformity in children with CP. Radiological outcomes demonstrate significant improvements
following these procedures. The findings suggest that these approaches are particularly effective for complex cases
where procedures such as FO, STS, or TDS may fall short. Future studies should focus on refining surgical protocols
and exploring the long-term functional outcomes of these interventions.
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Introduction

Cerebral palsy (CP) is a heterogeneous neuromuscu-
lar disease that is defined by a group of posture and
movement disabilities [1]. The most common motor
dysfunction (MD) is spasticity, which is an increase in
the resistance and stiffness of muscles when they are
stretched, resulting in limited and uneasy movement
[2]. One common musculoskeletal abnormality asso-
ciated with CP is the lateral migration of the femoral
head in the acetabulum [3, 4], commonly known as hip
displacement, which can range from subluxation to
complete dislocation [5, 6]. Limitations caused by hip
displacement include pain, impaired walking ability,
perineal nursing problems, difficulty with posture and
hygiene, skin breakdown, reduced range of motion, and
pelvic obliquity [7-9].

Radiological outcome measures provide a quantita-
tive advantage in assessing spasticity and hip deformity
in patients with CP. For instance, migration percentage
(MP) is closely correlated with MD and the severity of
hip adductor spasticity. When MP exceeds 40%, pre-
ventive or reconstructive orthopedic surgery is likely
necessary [10—12]. Other radiological outcomes, such
as center—edge angle (CEA) and acetabular index (AI),
are also used to assess hip displacement, though they
are considered less reliable than MP. In addition, the
femoral neck angle and femoral shaft angle have been
found to correlate with a patient’s ability to walk and
the severity of hip adductor spasticity [13].

Interventions range from femoral or pelvic osteoto-
mies, soft-tissue releases/tenotomy, and salvage surger-
ies, to the injection of botulinum toxin A [14, 15]. Varus
derotation osteotomy, pelvic osteotomies, releases of
hip adductors and flexors, and open reduction of the
femoral head, are often classified as reconstructive sur-
geries; and bony hip salvage procedures, such as valgus
osteotomies, are commonly used to correct hip disloca-
tion or subluxation, and prevent skeletal traction [16—
18]. However, there is considerable uncertainty within
the surgical community regarding the most effective
procedure, as current literature is largely composed
of case series or limited comparative studies that do
not provide a comprehensive overview or systematic
review of all potential interventions and radiological
outcomes.

This systematic review addressed these gaps by eval-
uating both the short- and long-term radiologic out-
comes of different surgical interventions for spastic hip
in children with CP. It provided a thorough compari-
son of mean differences in MP and other radiological
outcomes for each procedure, as well as analyzing age
distribution trends related to each surgical method.
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Understanding these outcomes is critical for improving
surgical decision-making, optimizing patient care strat-
egies, and enhancing long-term functional and quality
of life outcomes for patients. It was hypothesized that
in children with CP and spastic hip deformities, supe-
rior radiological outcomes (such as improved migration
percentage, center—edge angle, and acetabular index)
are achieved through surgical interventions such as pel-
vic osteotomy and combined femoral and pelvic osteot-
omy, as compared with other surgeries, such as femoral
osteotomy and soft tissue surgery.

Materials and methods

The design and methodology of this review adhered to
the guidelines outlined in the Centre for Reviews and
Dissemination (CRD) Guidance for Undertaking Reviews
in Healthcare [19].

Registration and protocol

This study followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [20]. The study protocol was pre-registered in
PROSPERO (CRD42023439598).

Information Sources

The search strategy was conducted across PubMed,
Embase, Scopus, Web of Science, and Cochrane Central
in March 2024. Furthermore, gray literature was explored
through OpenGrey, the Center for Research Libraries
Online Catalogue (CRL), and Open Access Theses and
Dissertations (OATD) to identify potentially relevant
unpublished studies.

To identify additional eligible studies or reports, a
“snowball” search was conducted using citation track-
ing (both forward and backward) through Scopus for all
studies included in this review. As a final step, the refer-
ence lists of related reviews identified through our search
were examined to determine if any other potentially rel-
evant studies could be included.

Search

The search strategy was designed and reported in accord-
ance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Literature Search Extension
(PRISMA-S) guidelines [21]. No restrictions or search
filters were applied. Free-text terms and keywords were
identified through the MeSH Browser [22] and the Pub-
Med PubReMiner word frequency analysis tool [23]. The
search strategy was reviewed by IMO following the Peer
Review of Electronic Search Strategies (PRESS) guide-
lines [24]. A detailed description of the search strategy
can be found in Appendix A.
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Eligibility criteria
Population: all CP patients under 18 years old with spas-
tic hip.

Intervention: surgical methods used in spastic hip sur-
gery including pelvic osteotomy (PO), femur osteotomy
(FO), a combination of the femur and pelvic osteotomy
(CFPO), soft tissue surgery (STS, such as tenotomies),
tone-decreasing surgery (TDS, such as botulinum toxin
injections), open reduction (OR), guided growth surgery
(GGS), and percutaneous osteotomy (PCO).

Comparator: comparison of each patient’s radiological
outcomes and parameters before and after surgery.

Study Design: clinical trials and case series.

Outcome: radiological parameters such as migration
percentage (MP), neck shaft angle (NSA), acetabular
index (AI), center—edge angle (CEA), Sharp’s angle (ShA),
and Tonnis angle (TA).

Study selection

The citations from literature searches were imported
into EndNote [25]. Duplicates were identified and manu-
ally removed. The titles and abstracts of the initial 50
records were independently screened by six reviewers
working in pairs. Inter-rater reliability was assessed using
Cohen’s kappa, yielding a score of 0.87, which is indica-
tive of almost perfect agreement. The same reviewers in
the previous teams, independently assessed the titles and
abstracts. In case of any disagreements, the reviewers
discussed the issues; if they couldn’t reach a consensus, a
third reviewer intervened to make the final decision. Sub-
sequently, full texts of all potentially eligible records were
obtained, and the same teams screened these studies for
inclusion. A study was included if both reviewers agreed
it met the criteria. Disagreements were again discussed,
with a third reviewer consulted when necessary [26].

Data collection process

A data extraction spreadsheet was created using Google
Sheets. After a meeting to discuss and resolve discrep-
ancies, the reviewers independently extracted data from
eligible studies. The extracted data were then compared,
and any differences were resolved through additional
discussion. In cases where data were missing or informa-
tion was unclear, efforts were made to contact the study
authors [27].

Data extraction
The extracted data included:

— Study identifiers and design: study title, first author,
publication year, and study design.
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— Characteristics of the record: intervention type,
sample size (patients and hip), gender, age, follow-
up duration, ambulatory status (Gross Motor Func-
tion Classification System [GMFCS]), and radio-
logic outcomes (as mentioned above).

Risk of bias

The risk of bias and methodological validity of all
included studies were assessed by two authors using
the JBI Critical Appraisal Checklist for Qualitative
Research standardized by the Joanna Briggs Institute
(JBI) [28]. All manuscripts selected for inclusion in this
study underwent rigorous evaluation on the basis of
study type.

The quality of evidence was evaluated using the Grad-
ing of Recommendations Assessment, Development, and
Evaluation (GRADE) approach. Five factors were con-
sidered for each outcome: study limitations, publication
bias, indirectness of evidence, inconsistency of results,
and imprecision, with the latter assessed on the basis on
the results from the Trial Sequential Analysis (TSA)[29,
30].

Publication bias assessment
Publication bias was defined as the failure to publish
study findings on the basis of their direction or strength.
The primary reasons for this bias included journal rejec-
tion by editors and reviewers, as well as a lack of motiva-
tion to write, despite the study being conducted [31].
Consequently, if publication bias occurred in a meta-
analysis, the synthetic effect estimates might have been
exaggerated in a favorable direction. Funnel plots were
employed in systematic reviews and meta-analyses to
determine whether the included studies were biased or
systematically heterogeneous. Egger’s regression test was
utilized to quantify funnel plot asymmetry, and the trim-
and-fill method was applied to correct funnel plot asym-
metry in such instances.

Statistical analysis

R version 4 [32], was employed, and the SCSmeta func-
tion [33] was used to carry out the statistical analyses.
For the meta-analysis, the Hartung—Knapp adjustment
was applied to the random effects model. To evaluate
heterogeneity, H statistics, Cochran’s Q test, and Higgins
and Thompson’s I statistics were utilized [34].
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Sensitivity analysis

To assess the reliability of the study, a sensitivity analy-
sis was conducted. This involved evaluating the stability
across different modalities. Furthermore, to verify the
consistency of the reported results, multiple sensitivity
analyses were performed by sequentially removing one
study at a time from each meta-analysis, a process known
as leave-one-out meta-analysis [35].
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Results

The initial search yielded 2682 papers from electronic
databases. After manually removing 938 duplicates,
1744 studies remained. Of these, 1557 were excluded
following title and abstract screening, leaving 187 arti-
cles for full-text review based on eligibility criteria.
Finally, 86 studies were selected for qualitative and
quantitative analysis. All 86 studies were included in
the qualitative synthesis (systematic review), while

Fig. 1 A PRISMA flow diagram of the systematic review, detailing the database searches, the number of abstracts screened, and the full texts

reviewed
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those with sufficient data were used for quantitative
synthesis (meta-analysis) (Fig. 1). No relevant studies
were found in gray literature electronic databases.

Characteristics of the included studies

The studies included were conducted between 1964 and
2023, and involved 4546 patients and 6116 hips. Eight
surgical procedures were examined for their impact on
radiologic outcomes in patients with CP with spastic
hip deformity: PO (n=16) [36-51], FO (n=13)[18, 52—
63], CEPO (n=26) [42, 47, 51, 62, 64-85], STS (n=14)
[86-99], TDS (n=9)[100-108], OR (n=6)[109-114],
GGS (n=3)[115-117], and PCO (n=3)[118-120]. The
included studies involved 4546 patients and 6116 hips.
Patient ages ranged from 3.1 to 16 years, and follow-up
durations spanned 9-153.6 months. Detailed study char-
acteristics are provided in Table 1, with Table 2 and Fig. 2
summarizing meta-analysis results. Sufficient data for
meta-analysis led to 22 forest plots (Appendix B), with
Baujot plots in Appendix C illustrating “overall heteroge-
neity contribution” and “influence on pooled results”

Pelvic osteotomy

Out of 16 studies on patients with CP with spastic hip
undergoing PO, six (334 patients) showed a signifi-
cant reduction in AI [mean difference (MD)=-19.57°,
p<0.001]. Eight studies (149 patients) found an increase
in CEA [MD=35.27°, p<0.001]. Eleven studies examined
MP in 527 patients, showing a significant postoperative
decrease (MD=-53.06, p<0.001). NSA, evaluated in
three studies with 634 patients, showed a reduction, but
it was not statistically significant (MD =—23.86, p=0.20).

Femoral osteotomy

In 13 studies involving 957 patients with spastic-type CP
who underwent FO, radiologic outcomes were assessed.
Five studies (370 patients) analyzing Al found a signifi-
cant reduction post-surgery (MD=-5.39°, p=0.032).
Similarly, ten studies (737 patients) reporting MP showed
a significant decrease (MD=-23.91, p=0.002). How-
ever, three studies (190 patients) assessing CEA showed
an increase post-surgery, but the change was not statis-
tically significant (MD=11.75°, p=0.13). Eight studies
(712 patients) evaluating NSA demonstrated a significant
reduction in postoperative NSA degrees (MD =-30.09,
p=0.008). Meta-analysis for other radiologic measures
was not possible owing to insufficient data.

Combined femoral and pelvic osteotomy

In 26 studies analyzing the effects of CFPO on patients
with spastic CP, meta-analysis revealed significant post-
operative reductions in AI (MD=-11.18, p<0.001), MP
(MD=—44.72, p<0.001), NSA (MD=-33.34, p<0.001),
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ShA (MD=-12.22, p<0.001), and TA (MD=-19.47,
p=0.47), while CEA improved significantly (MD =47.65°,
p<0.001) (Fig. 3A). Other radiologic values could not be
quantitatively analyzed owing to insufficient data, high-
lighting the positive impact of combined osteotomy on
key radiographic outcomes for these patients.

Soft tissue surgery

In 14 studies examining radiologic outcomes for patients
with spastic hip CP who underwent STS, postop-
erative Al decreased, but this change was not statisti-
cally significant (MD=-9.00, p=0.106). In contrast,
CEA significantly increased post-surgery (MD=16.10,
p=0.007), while MP showed a substantial decrease
(MD=-26.44, p<0.001) (Fig. 3B). Owing to the limited
number of studies, other radiologic variables could not
be meta-analyzed.

Tone decreasing surgery

Nine studies measured the radiological outcomes of TDS
in individuals with spastic CP. Eight studies involving 622
patients with CP, examined nonsignificant reduction in
MP (MD=-1.9, p=0.292).

Guided growth surgery

Three studies evaluated the outcomes of patients with
spastic hip CP undergoing GGS. Owing to limited data
available on other outcomes, only one meta-analysis
was conducted, showing a significant decrease in MP
(MD=-9.97°, p=0.004).

Percutaneous osteotomy

Three studies examined radiologic outcomes of PCO
in patients with spastic CP, with quantitative analysis
only performed for MP. The results showed a significant
reduction in postoperative MP values (MD=-59.94,
»<0.001).

Publication bias

To assess whether publication bias influenced the results
of the analysis, Egger’s test was applied. A significant dif-
ference was detected in four domains of our meta-anal-
ysis, including CEA in the PO group (p=0.018), Al in
CFPO patients (p=0.037), and MP and NSA in patients
with FO (p=0.026 and 0.008, respectively), suggesting
probable publication bias in these outcomes. The effect
size of these analyses was adjusted by conducting the
trim and fill method (Table 3). Funnel plots depicting
publication bias are shown in Fig. 4 and Appendix D.

Sensitivity analysis
Regarding the presence of heterogeneity in our meta-
analysis, sensitivity analysis was conducted by omitting



Page 6 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

[¢] peay [elowa) Y3 JO uon
-ez||eJa1e| DPWOIdWASY «
[L] UOIEXN|GNS JULINJ3Y »

[1]1e1b ayy jo asdejjo) «
[L]1uswabpojsip e -

[1] uone>

-4Isso 21do1oia13y A| Spelo -
[1] (pabess) jelareyig -
[1]25ud

-SIysp punom [epyladng -
[1] 2beutelp punom
Joaiue snoauejuods -

[1] S24n35BIU0D

loxa pue Joynpge diy
aNss1} Jos pue Aouaidysp
Ie|nge1ade paylel -

(1]

Burnisod pajjoluodun Ay
-W3JIX3 JaMO| D1PW3|qOId

[114je
-uonouny diy Aloioejsiesun «

[¥] 1on9]

SD4WD Ul paseioua1aq -
[]ued dipy -

Ik

[€] uoisnysuely pooyg -
[L]uon

-D9jul punom [edseyeldns
[LTNAV *

[¢] paussiom SHHAD oYL -
(1

dn-mojjoy 1e diy s|geisun «
[1] uonedojsipay «

[11dn

-Mmojjoj bulnp diy |njured -
[€] wn|ngeiade pue

pesy [elous) ay3 JO
SISOID|DS DIBISPOI »
suopedljdwod o -

[LTNAY *

[s]
WN|NGEISD. S JO 24NjdeI -

dAN VIV
V3DV

v3D ‘ajbue sjuuol

dN IV

9|buy sdieys g

‘s|bue sjuuQl 4w ‘vad

9|buy sdieys din IV
VSN

VSN dIN

V/N
V/N

CTNLLNT

SAPUBAIYNISL I pUe |

V/N
/N

V/N

L1F9S
SLYLFLS

STF€9
SClcFle

SleF+96¢€ LEFLLL

ECF9LES SCCeEF6SL

789+ 91 8L CFLLGL

V/NF88¢ S0 +991

I'6¢F9¢9 6CF+S6
V/N SCLLFL6

SCSEF8Y SrFvl

L/S1 IZ4 44
L1/S 9 44

V/N 9l vl

8¢/0¢ 8L 85

£1/0¢ 194 LE

L/LL 174 174

v1/81 % [43
V/N 9l 0l

V/N (4] Ly

600¢
600¢

Lcoc

900¢

(4404

810¢

S00¢
000¢

900¢

(8] T 'Uspey
(8] MT ‘Uajiey

VARINEEI

[0 WQ'Wd 'son4

(6] L 1owwis|yds

[¥] OV ‘sipeibios

[€] v "yosodoy
[2] vy 'syo0ig

(1137 'qq0y
AW0303150 JIN3d

(u) suonresydwod

sawodino diydesboipey

SD4WD do-aid

(syzuow)
as Fueaw
dn-mojjo4 (s1eak) gsFueaw aby

4/W (u)1934 (u)3usned

Jeap

Joyiny

S3IPN1S PapPN|DU JO SDIISHRIDRIRYD) L dqel



Page 7 of 30

(2025) 26:13

210s aInssaid Jo
‘Juswliieduwll 9AISU D11RIDS
‘Uo11D34ul YIS [BDIBINS ‘UOED
-0|SIpaJ 233]dwod ‘NAY ON *
[#] 2uswiedwi aAJau
SNO3URIND [BJOWD) [BI1ET -

[£] uonexnigns-ay « SN ‘9|bue sdieys 'v3d din €8¢+ 9+8l 8/LL S S eoe QLY 'usyD
dN 9lbue sdieys ‘v3d v V/N SoL+8¢ClL SLIVEFSLL V/N 0l o] ¢00¢ [SL] M 'PI0gesO
[1]s1s0g
-WOJY1 UIaA [elowy daa( -
[1] @1n1de4) inwisy
1jeyspiw aAieladoenu) «
[7] s192In sSais «
[L]uon
-D9)ul punom |epysadng -
[€] s2u0s 350D olbue sdieys 'v3d 4w V/N YT LEFO8 SIFEFSTL V/N 74 €T S661 [v1] ¥4 ‘2210
[1] @1n1dely JejApuodeldns «
[1Juon
-D9Jul puUNOM |edyadng «
(1] =i
-DBJIUOD UONONPQe Paxid
[1] sIso1j03s pue
Aunbijqo anbi|go a19Aas «
[21diy
PaAJOAUL BY]) Po1e20sIq VDIV V/N V/NFE0¥ V/NFSCL V/N 4} Ll 8861 [€1] 1 'dweiaiso
[
SUOI1D3)Ul P31E|2I-PUNOAA *
[¢] @2uadsiyap punopm « dW OLALLAINEN 0] V/N GSFCoL oL/ce SS 8¢  6l0¢ [cllr311mod
suoned|duwod
paiejai-yeib Jo 9sed ON - VSN NI PSIAGEALLIN TIEF8PE VIFL8 /89 0S1L oLl 8l0¢ [L1] HY ‘Bung
2be|11ied a1eIpelil) ay3 Jo
2INSO|D m:ﬁmﬁtm_& ON -
[1] e1se|dsAp 1u1sISIad
[c]uon
-exn|gns diy 1Ua1sIslad
[1] Asjed
SAI3U D1RIDS pUe SRl
21gnd 2y JO UOIUNUON dN VIV V/N o¢ V/NFL6  LL/SL Le 9¢  600C [01] D 0||392Y
dN VDIV V/N V/N SLE6CFS 91/6 LT S¢ 0co¢ [6] ‘N Uog
(syruow)
dsFuesaw
(u) suonesydwo)  sawodino diydesboipey SD4WD do-aid dn-mojjo4 (sieak) gsFueaw aby 4/ (U)1994 (u)luaneq Jeap loyiny

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

(panunuod) L ajqey



Page 8 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

dN

aN

N

(L]

INWS) 9Y1 JO SaINIDRL) 31T -
(7] uonedojsip diy -

(9] peay |el

-OWd} 33 JO SISOIDRU0NSQ)
[5] uolun pakejsq -

[€] suon

-D3yuUl punom |eppyladng -

dN

[1] J21uBYD0N

19553 943 1B UOIeWIO)
auoq 21do1ds |njured pue
‘2115 AUI0103150 [RIOWIDY
paieadai e Je uojunuou
‘Peay [eiowa) Y1 JO NAY
[€] K19buns 191

SJeak 7 Ulyum yiea( »

[ 1] A136ans Ja1ye njuled «
[cl]

A12b4ns 1)je uonedolsiq -
[1] J23UueYD013 U3553] 33 JO
uopedyIsso diydoliols
19y dlewoidwAsy -
suod3yUl sAleIado

-150d Jo ‘peay |elowa) 3yl Jo
NAY ‘suoiun pakejap on +
[¥] sunp

-9201d UOISIARI paIINDY

dN
dN

dW
dAN'VIDY
VSN

SYH VSN

Od dW
dW

3|bue Je|
-nge1sde VSN d V3D 1Y

VSN dW V3D

VSN dW V3D ¥
oljel yidap Jejngeiady
VSN dW 'VID IV

6LAT AL
6L A0EN
V/N

V/N

1oL
S8ALSAOL

V/N

V/N

/N
L9 APUR AI‘QC Il pue ||’

ELATLAIGIINGL

V/N+09 9C+9¢/
V/NF9¢ C+869
V/N 7+8

erFoel L9CFL
SCSCF8L LTFLLL
9e< C9CFES

SYFvLl V/NFv

CL'8EFIY9

V/NF0S
YoC+C'19
8L+9¢€6

CEFY6
9IL+9Y
I'€+59

G/61 174 174
V/N 124 8¢
9¢/8l SL 24

€e/ty LEL SL

S/9 L L
9/96 861 861

/8¢ 144 9/91

/5SS oel 68

yl/cc 9t 8¢

V/N A} /8
V/N 7S 7S

414
0¢0c
#00C

cloc
(4404

900¢

000¢

600¢
910¢
910¢

[£2] ‘W 'uossie
[92]'av ‘howol
[ST] W Inzepyy

[Pl yT 'spineq

(2] 32Ny
[z2] d 1aubem

[17] '¥D 9ewyds

[02) f 119591195

[61] "W 11peyo-y
[81] W4 ‘Bueyd
[£11°7g 2104S
\ﬁtgowﬁo\ogmm

(u) suonesydwod

sawod1no diydeiboipey

SD4WD do-aid

(syuow)
as Fueaw
dn-mojjo4 (sieak) gsFueaw aby

4/W (u)1334 (u)3udned

1eap

Joyny

(panunuod) L ajqey



Page 9 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

dN dW V3D OLAQTAIETN LA L'0CFY'C6 6CF9Y/ LT/SY L L 910¢ [5€] 4 'eelg
VSN dW IV TENLN 9eeFC 19 S+, 9l/ec 6€ 6€  €¢0C [b€] 3Q Auagisem
[L] uonexoysig - VSN AN IV TENLN 9EEFT IO SLFL ol 6 6 €0t [b€] TQ KuaIsaMm
[€] UOISSILPLI [RIIPSA o ) ,
[2] UOISSILIP. M| - VSN dN Y 9T A'BLA S8LEF99 6LFSL  LU/LT 88 v €207 (€] '3Q Au1agisom
[¢] 5150103U0a1S(Q « VSN dW IV ELAEA €8LF¥'8E 8C+C8 L/6 9l ol £¢0C [v€] I ‘Aa0Isom
[¢] pesy [eiows) syl JO NAY * dW 'VID IV ELAGAILL GC8F1'8C SLCF98 oL/el [43 €c [4104 [€€] "L'H "Wy
s210s 2inssald 1o
oAJoU D11eIDS 9yl YIIM SWi9|
-goud ‘SUOIId34Ul PUNOM ON »
pesay
[BIOWS} 341 JO NAY ON -
[1] xnyy21 [eabeydos
-90013seb awosajgnolL - djbue sdieys VSN di V3D V/N S8CFLSL LUCFLPL V/N Cl Ll 900¢ [eel N ‘yreugeg
5ISO1|02S 0}
Alepuodas ain|ie} Aloesid
-sal 01 anp palp wuaned
3UQ '22U3IS3|0Pe PaIIUD
Aaya se uonouny A1oyesidsal
pasiwoidwod A|qeeadl
UDIYM ‘[ L 1] SISOI|0S 249435« 3jBue sdieys 'YSN diN ‘'Y3D V/N Y8F V8 GEL SCFEL 6/6 0c 8l CloC [LE] W 'solus7
(]
'SUO[1D9)Ul PR1R[DI-PUNOA
[¢] @>usdsiysp puNop « dW OLALL: SLF¥0¢ 9F0lL ol/ce SS 3¢ 610¢
dN VSN dW STAY N [ SLYCFYS9 SOEF618 0¢/0¢ A (014 910¢ (0] > Apiey
AW0103150 J1Aj2d puDp |DIOWA) paUIqUIOD)
9|bue
N sdieys Iv diN 'vaD VSN 8EA'LENI'6L L'9CF+TSS SCFL 0e/St 6 SL L10C (621 M 'YynH
[9] suon
-D9Jul puUNOM [e1dYadng «
[/] s192In 3se [epyladng -
[8¢]
NAY 40 subis [eaibojoipey «
(9] s10yo> Jje ul
P31IN220 SUOIIRDO[SIP-3Y
[L€] suon
-BJ0[SIP JO suohexn|gns-oy - VSH VSN dW IV TE N0V Al rF¥8 SCCFC9 /8% 7l L 0co¢ [87] 'H "ied
(syuow)
as Fueaw
(u) suonesydwo)  sawodino diydesboipey SD4WD do-aid dn-mojjo4 (sieak) gsFueaw aby 4/ (U)1994 (u)luaneq Jeap loyiny

(panunuod) L ajqey



Page 10 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

porad dn-moj|0} Y1 Ulym
UOIUNUOU 1O 'aIN|1e) 21eM

-pJey ‘NAY 4O S35eD ON
[2] uondajul punom daaq »

(€]

|93y 31 UO 132N 3INSSad »
[cluon

-D3U] UOISIdU] [euINBuUl Pl *
[1] Peay [eJoway) 3U1 JO NAY *

el

[€] Jspiosip

2INz|as e JO uoneiola1a( «

[ 1] uonesaoin snygnoaq »
[¢] uonendsy -

[91] uondaurisayd -

[€] a1n1dely 1eys

|eJoway JejApuodeidns «

[1] uoisiral paiinbay «

[1] uoneoyisso 21dojoIalaH -
[1] SIs0JDaU Jejnge1ady

(L] An

-WJoJap pesy |eJowsy syl Jo
uolssalboud dydesboipey -
[a

suoed0o|sip diy 1ua.nday -
[1] shuywe opdas -

dN

siuye ondss Jo
S131|9AWO31S0 DIUOIYD ON +
[€] aus

AWO103150 [PJOWR) Y1 1B
uoId3UI punom daaq
[1] o1e|d 9pe|q 3y3 JoA0
uMmopeaiq punom daaq

[a
umopeaIq Us [epyladng -

VSN dA Y

VSN dW IV

dw
9|bue
sdieys 'vSN diNl 'vID v

'91bue sdieys VSN dw

CLAOE N

gClpue|

L8 AGT AT NN

YN VEN

V/N

V/NFCL LCFLL

6+8¢ L'1F€8

SS+9/8 LEFELL

9LCFCE0L L'€F80L

G9L+6¢ SLLFSL

8L/¥T Sy W 8l0C [0¥] 31 ‘ddey

8/Sl 93 € 0¢0c [6€] T Uam

¢/101L 891 lcl sloc [8€]'3 2Ny

€¢/Se 85 14 [qdir4 [Z€l'W e

9L/l 133 Lc £00C [9€] ‘W ‘ueu

(u) suonesydwod

sawod1no diydeiboipey

SD4WD do-aid

(syuow)
as Fueaw
dn-mojjo4 (sieak) gsFueaw aby

/W (U)393d4 (u)Iusned Jesp loyiny

(panunuod) L ajqey



Page 11 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

210s aINs
-saud Jo quawiedwl aAISU
D11eIDS ‘UOIDAUI YIS [BIIBINS
‘Uo1ed0|SIp-a1 919|dwod
‘NAY padojaaap 1uaned oN -
[#7] Juswedw 9AI9U
SNOSURIND [RIOWS) [BI9}eT -

[£] uonexnigns-ay «  36ue sdieys VSN di V1D L'ATN8 CLLFS LY 7FGL 8/L1 ol ¥l ot [OL] M uayD
[
Aouedansip yibus|-quirt - Od ‘9|bue sdieys ‘YSN dil 8l LT 8P €Fpl z/01 4! L 910 [16]°0 "eawesnogy
N 0d '2|bue reingeiade g 0T A-S AT V/N+09 SLCFY0C yL/€l LC LC 010¢ [05] 4 "osoneued
[1] A&1buns pauueidun -
[1]
juedwi opewoldwAs suQ -
[¢] Inwa) a1 Jo
Soinioely apppng « dN Y V/N 9lL+0v 990+91 V/N Sl Ll 810¢ [6v] VD 'shiejay
[1] uonexy Awoio
-9150 [BJOWD) JO IN|ie »
[1] eWOIEWSH - VSN dIN IV QNG NLN 70l +1'9¢ SEFL8 €L/6 S¢ [44 810¢ [8%7] W ‘010
o|bue
dN sdieys ‘SN diN 'vaAD IV 8LAS A L'9CFT'SS GC¥L  0¢/Sh v SL L1oc [67] M UnH
[EEINAY * VSN dW €T APURAI YL V/NFCL SLCFY L LL/gE 68 05 oloc [£¥] Y "=J1eyy
N VSN dW 67 A0S AI‘S: ¥8E+V¥C9 Ce+ve €/9L l¢ 801l Lc0c¢ [ov] rr U
dN dW  ESTALGAICE N8 9/CF1S EEFLILL 19/6L 1514 orl  €¢0C [S¥] Td'g 'usyD
dN VSH 'VSN dW PE AL AITL I PUB | 88C+88S €C+S8 61/L5 il 9/ 710¢ [t¥] 'S ‘ouciuasnieg
[9] uopexn|gNs-ay «
[S1] pajie) sal
-1961Ns diy SAIIdNIISUODISY « dN ELALTA ST9EFSC9 €FS  €l/Ie 85 ve  ¥l0¢ [e¥] 'S ‘Bueyz
90U922SIYap PUNOM IO UOI
-D9yul paiejal-iueidudi oy - , o )
I Od dW 9L A-LAL-LAN SelLFc8e CCFeL 6/6 8l 8l 0c0c [cy] "N ‘uesiuiey
2Injoel) SlLIU_Y>0A-gNS - Od dW V/N SELFCT8e CCFEL LE/EC ol 09  0¢0c [¢i] "N 'uesiwey)
[L] 211m-y| € JO BUINOW »
[1] uoibau
101oNppe syl ul eWOIRWSH -
[1]
uted 01 AUAISUSS pasealdu] «
[1] punom [e1>ysadns - dW 'VID IV S APURALOL Il CCeEF9/LS l'v+98 V/N 99 7S 800¢ [Ly] 'V 'sqaiy
(syuow)
as Fueaw
(u) suonesydwo)  sawodino diydesboipey SD4WD do-aid dn-mojjo4 (sieak) gsFueaw aby 4/ (U)1994 (u)luaneq Jeap loyiny

(panunuod) L ajqey



Page 12 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

dN Od dW IV 8LAOLAIG LyL¥9/8 'L¥S  9l/le L€ L L10C [¥9] 'L 'ussalis|
N VSN IV V/N V/NF Y [80FSE6 8/C ol ol /861 [€9] 'v4D 'sog
dN dN V/N SLF96ecl LLF¥VY 8¢/LE 59 59 500¢ [¢9] v ‘'opssaid
N dWN 9L AQTATLANLLAL 8/F9¢€S1 SCCFL 6¢/ty ¥4 ¥4 L10¢ [19] g ‘=xwisH
dN dNVIDIY STALAI S/LCEFS9 L8 LFEBY V/N 194 LT 810¢ [09] W BH
dW V3D V/NF9¢ (+6v V/N 8¢ Iy S00¢ [65] ¥ ‘ded
N dW V3D V/N+9¢ SO0F6Y V/N 8¢ 3% 500¢ [65] ¥ ‘ded
dN dN LA LA V/NFCL SIOFLY /1 ¥ 4 [4dV4 [85]°Q "9ABUA
dN dWN V/N V/N+8¥ V/NFG'8 9/S [44 Ll 800¢ [£8] 7 "Msnouizog
[01] sen
-lwoyap diy 1domspuipp
[1] 2108
aInssald 1sed |epyladng - 3|bue
[L] 2injiey aiempiey - sdieys 'vSN dN ‘'vaD v V/N V/NFt0S V/NFS'S 61/91 GE GE 000¢ [9G] ' 'ueuooN
[1] 2105 J215e|d *
[1] @1e|d B USAO SNUIS *
[1] snIsing d1a1ueyd0l] «
[€]inwsj auy Jo
sainidely JejApuodeldns - KRED V/N 61l+9¢ LCCFLL 8L/ 09 0¢ L00C [SS] T 'SIamO
dN VDIV PLAEAN LN Y+ vy CFSLS V/N 8% S¢ 7861 [S] I Us[9aym
dN dW 6°A'LN IVCF ¥ S8eFy 8LL/LGL 69¢ 69¢ 1c0¢ [€G] D 'uossunep
(V966 SLF96G 6/¢cl [44 [44 600¢ [zs] '©2if1eqod
N dW V/N 6E+9601L SL1F599 /8 0c¢ 0c¢ 600¢ [z5]© "i3qoD
K126.ns anssi1 oS
[1] uone>
-I5s0 21d010I13Y A| 9pe.D) «
[1] (pabess) [esareyig «
[1] 25U
-SIy9p punom [edytadng «
[1] obeulelp punom
Jolsiue ij&CECOQm .
[1] s2in1oe)U0d
Joxa|4 pue Jodnpge diy
9NSSI1 YOS pue Adualdyap
Je|ngelade PayIe ¢
[1]
Burnisod pajjoiuodun Ay
-WiS41X9 JOMO| D1eWS|qOId 3bue sluuol 'vId LAALEEZ L0 6CLF96¢E SLEFLLL V/N 9l ¥l [Xqor4 VAR VARETIY
(syauow)
gsFueaw
(u) suonesydwod  sawodino diydesboipey SD4WD do-aid dn-mojjo4 (sieak) gsFueaw aby 4/ (U)1994 (u)luaneq Jeap loyiny

(panunuod) L ajqey



Page 13 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

[L]uondsu - VSN dW 7ALLLAGAL: VF¥6 SEFSLL cl/el 4 SC Sloc [£/]1'noyz
[1] uonosyuj
[€] s210s aINssaid «
[€] sain1dely Ayjibei -
[6L1 NAY * Od VSN dW ¥ OTNLLNE: 9lLLF9/LCE LS5 EF(88 9l/L€ 0/ yad £10¢ [9/171'sdijiud
NAY JO
S9SBD JO SUOND3JU| ON *
POl 3yl MOJq
2IN1oRJ) INWSJ ON *
idl
uted Joj [eAOWISI 21eMPIRH - VSN 'VID 'V i APUR Al V/N SEFS0L  9U/8L 19 P 020C [S/]°rg 'ueubleq
uondnpal uado
N dN CLANOTAILL: SLSLFOEL V/NF¢E Sl/le 14 14 cloc [r/1 3 "AqyBnoy|im
[2] wie Y3 JO JusWA0W
Alepun|oaur Jo uoneaeiboy -
[7] eluownaud uonesdsy «
[51] A1osuss Aiesodwia] »
[z1] Aywiojep [euids -
(0] samNIYIp BuIpIoA -
991)
euojodAy sAnesadolsod - dw W/N yeF8y TrF9 W/N 00C 00¢ 00T [€£1°SQ ‘wy
uN dw Sl SLFVC L90F€9 v/N 9 S 00T [2/] 4 ezoed
dN d PLALLALBLN 8L+ 8L LELFLISY €€/91 61 S¢ ¥10¢ [1£]°S3 “ed
dW SATLAENEN L V/NF¥¢C 96'LF TS 6/81 [T [T Loz [0/ HN ‘Bunr
dN dw 8 ATLAENE N L V/NF¥¢ 9%'L+CS 6/81 LC LC L10C [0£] 'HN Bunf
dAN LABLALTINTLNT 60LFSTC 880F9€¢ 6/1S (4] G9  800C [69] T3 'Bues
dN dN 6'/F9CC 80'L+CEe LE/VE ogl 09 800¢ [69] 13 ‘Bues
4N dW SL0LF0¢ SLLF80S €/ 06 Sy S66l (89] DY 'WieH
Answoab
diy jo uonesoualap oN - dW IV Q9L LL SCr+8lL [C0CF/9 71/61 €e €e 710¢ [£9]"'N 4=190]4
SUOND3Ul PUNOM IO
seuloleway ujolb ou ‘suofy
-e01jdwiod [e16INs ON « dNl LLSALS I VINFHT 9-C 1/6 9l 9l 8007 [99] 'V 10Uy
A1abins bujspaidap auo|
[SL1]uon
-ed]|dWod Joujw | 1ses| 1y -
[6c] uon
-e21|dwiod Jofew | 1sed) 1y Od d IV 89 °A'6G Al V/N ¥¥6  65/89 yads [Tl 0C0C [S9] T 'esys
(syuow)
as Fueaw
(u) suonesydwo)  sawodino diydesboipey SD4WD do-aid dn-mojjo4 (sieak) gsFueaw aby 4/ (U)1994 (u)luaneq Jeap loyiny

(panunuod) L ajqey



Page 14 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

[1] 2in3oRl) |RIOUID -

[€] sishydida

|BIOUID) B3 JO SISOIDN -
[1] UOIEDOISIP JUDLINDY »
[1] uoneibiw yeio

[7] spuow 92 Uleq -

(1] yreaq-

[] 21n10RY) |RIOUID -

[¢] syruow g uled «

[t7] uted aAneladoisod «
[¢] @1n1oel [e21BOjOYIE  *
[1] uonedosip di -

(1]

1USWSbPOISIp eib suog «
[€]1 NAY +

2in1oel) ydau

[PJOUIS} "UONDJUI PUNOM
'sISK|0JpUOYD ‘NAY ON
salupIgiow [ed1bins Jayio Jo
UOI123)Ul PUNOM ON *

sdiy ybis ut

A196NS 9AIIONIISUOIDY -
suoned||dwod

[e2164NS J9Y310 4O UONIDUI
puUNOM OU Sem 213y

[G1] uswade|day «

[1Z] mais

|easAydsuest ay3 4o maib
sisAyd [esowsy jewixold ay] «

dN

UN
[1] uted Bunsisiad «

[1] uonexnigns diy «

[€] uonedojsipay -

[¢] 21n1de1) INWIs)
JlejApuodeidns |eiaie|ig -
[ uon

-D9)ul puUNOM [edyadng «

IV dW

IV dW

IV dW

VSN dA Y

VSH dIN

V3H VSH dW IV

dW V3D
dW

VALLA

9AEL N

OLAYLAI

TLAG AL

6-APUBA|

EALNL:

LLA'GAINS:

V/N

V/NFvC V/NFS8

V/NF¥¢ V/NFC0L

L9CF6'SE 8C+56

V/NF09 L=

V/NF9SY

SLLLF0S

09 V/N
[TFLS SCEFL8

SLFCSLL SEFTS

8/el 44 Lc

8/L1L SC 6l

6/51 0¢ ¥

LL/21 9s 8¢

6/% €l 6

L/LL 87 144

oL/l e 14
¥1/91 14 0¢

€¢/8 St e

610¢

0661
810¢

£00C

(58] o ‘asaAeUR)

(58] 4 ‘osaneue)

[¥8] 4 ‘9saneuR)
AW0103150 SN02UDLIN2IY

[€8] "N ‘oleunod

(28] DM 997

[L8] D'H "'YsIsH
K1abins yimoib papino
[08] O @|quen
[6£1"W 'njboueqo)

[8£] | '21nourIadeueIne

(u) suonesydwod

sawod1no diydeiboipey

SD4WD do-aid

(syuow)
as Fueaw
dn-mojjo4 (sieak) gsFueaw aby

4/W (u)1334 (u)3udned

1eap

Joyny

(panunuod) L ajqey



Page 15 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

uol323jul 1oe1) A1euLIn |11 ‘SISOIdRU Je[ndseAe NAY ‘Ainbijqo dinjad Od ‘a|bue 1yeys peay sH ‘9|bue 1eys 3dau SN ‘obejusdiad uoneibiw 4y ‘o|bue abpa 191udd 7D ‘Xapul Jejngeiade |y

] sLpuow 7| -9 < ufeq -

(7] NAY +
[1]3uswbpolsip yeib suog -
[1] Uoned0|SIP B LNdRY dW 9L 'ABE Al S6LFOEY CEFL6  0C/ve 79 AL [98] 4 'esaneue)
(syauow)
asFueaw
(u) suonediidwo)y  sawodino diydesbolipey 4D do-aid dn-mojjo4 (sieak) gs Fuesw by 4/W (U)1934 (u)lusaned Jeap Joyany

(PanunUOd) | 3jqey



Page 16 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

OCeo (€L01L-
oq MO 8000 966 8000 'SYev—) 600€—  (Vivl-L¥6) Tl (F6SL-vevl) ¥LSL (0€'8-£L£9) ve'L [4vi 8 VSN
@@zt (G
oq MO «9C00 86 000 '16'GE-) L6'€C—  (6C°1€-988L) L0ST  (€665-CC8€E) L06Y WL8-¥19) Ev'L LEL 0l dN
@@zt
pq MO 800 /Y6 0€l'0 (90CE'SS8—) S LL (6587-1T8) O¥'8L  (LSTC-€06-)LL9 (L£6-00%) 989 06l € \ED)
@55 (Lro-
qOIBISPO G/C0 888 €00 '000L—) 6€S—  (0L¥C-LLOL) OFZL  (0€8C-GK /L) £8TC (89'8-%9G) 91/ 0L€ S IV AW01083150 |10
Ocoo (19'1-
qOIBISPOW 9890 678 00 TEVE-) 96/ 11— (89%1-8L0) €¥'8  (0£9€-C9S1)919C (ETHL-LLSL) ZL/L Sy € VL1
OCood (51—
qOIBISPON 99¢€0  86L 5000 58l-) C0El— (0G5 LYP—GL€EE) €€/E  (V6'LG—806Y) LGOS (E091-S€8)6LTL 65 14 vys
OCsa (9867
pg MO L0 616 910 '8G//—)98'€C— (FOSL-£€0L) L'/l (F18L-S0C1) 610SL (6€G5C—0) ¥6'L1 €9 € VSN
Ocoo (v vh—
q1RISPOIN Ye¥'0  L'¢c6  1000> '69'19-) 90 €S~ (18G1-1S8) 9Ll (SOV/-617£5)C9S9  (LS¥1-€88)0L L1 1S Ll dW
OOs® (86'S 01
oq MO ¥8l00  1'88 1000> (99/¥'88CC) LTSE  (CSLE-EVEN LY OE ST9l-) €L's—  (S6'81-808) LGEL 6vL 8 v
SODD (65L1—
ybiH 6080 6/S 1000> '9GLT-)LS6L— WOvC-£L6) LTLL  (8YTV—LL67) TL'9E (€T6-0CY) LL9 Yee 9 4 AUI0103150 DIA|Sd
SODD (L6'55—
ybIH 7090 0 1000> '06'€9-) ¥6'65— (5£6-98°€) 189  (6C0/-61€9) ¥£'99 (zeol-1e8) LE6 4 € dW AUI0103150 SNO3UBINDIY
SODD
ybIH 5600 0 Y000 (€/-'S9C1l-) 66—  (6009-v9°€) L81E (81'S9-6E€LL) 8T LY (ce6-681)0L'L LLL € dW £1364ns yaimoub papino
Oood 8rel—-
q1BISPON 0/£0 G66 1000> "IP6E-) ¥9Z—  (18'0E-€¥9L) 79€T  (90°€9-TLL€) 6€0S (94°9-68%) €8S LS8 4! dW
Oooe
go1eIepOony /€0 068 /000 (1967-659) 019l (9697-86'6) L¥8L  (C8TL-10/—)06¢ (L 9-€vy) 85'S 09¢ S \ED)
OOss
pq MO €90 96 9010 (00°€'00'LC—) 00'6— (1062-€59) LT/l  (¥967-08°€T) TL9T (¢56-5T) 889 9G¢ S v A1261ng anssi| oS
OCeo
piq MOJ ¥6C0 /'S8 960 (ce6'806-) L0 (6¥'EE—¥S0OL) LOTC  (CL'LP—8L€)SLTT (68'£-98°¢) 88'S €Cce € dN - HAas
OCsa
piq MOJ 79r'0 19/ 9870 (6CS'89€L—) 0Ty~ (€T9€-08C0) ¢S6C (99Sy—L'LT) OV EE (F€9-€9°¢) 86'F 90¢ 14 dN X0log
O0sd K1sbins
pg MO £600 08 600 (€6'L'€LG-)06'L—  (6S€E—LE€Q) 8Y8T  (LL/€-GL°€T) 9L°0€ (¥8'G-€T ) €0'G 869 8 dWN  [eloL Buiseanap suol
anjea-d
153 (1D %S6) (1D %S6) (1D %S6) (o} awomno
apeip 549663 (%), onjep-d  3dUIBYIP U do-3sod ueapy do-aid ueapy 9%6G6) 9be ueayy (u)1934 (u) saipnis diydeisboipey uonuaniu| jo adAy

SUOIUDAISIUI SNOLIBA Ul S3UIODINO J160|0IpeR) JO SisAjeue-e1a)y € 3jqel



Page 17 of 30

(2025) 26:13

Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

woy ApUedYIUBIS JISPIP PINOD 109442 SNJ} SY} PUB ‘PIYIWI| S| SIRWIISS 103443 dY3 Ul 92USPYU0d INo—~A)jenb moT Ajjenueisgns Jagip Aew 3 yeys Ay

seiq uonedlqng ,

Aco_mmw‘_QE_v:uuwtw 0u,, SapN|dul [eAI1UI 9OUSPYUOD 9%S6 p

ssauyRUIPU|

cccwum_mcouccm\ Aq pajou se Aysusboisiay sem 19y q

(Se1q Jo ¥jsu) Selq JO sl paziewwns Ybiy pue Jeajdun Jo salpnis 219m a1y ,

10342 PeWIISS SY3 WOy A|[e3ueisgns JaIp 03 A|9Y1| S1 10342 NI} Y} PUE ‘DJeWIISS 1D S} Ul 3DUSPYUOD 3313| 9AeY dM—A3jenb mo| AI9A 1039 pajewisa ay}

1ss0d e SI 913y} 49ASMOY ‘2}eWI}SS B} 03 350|> 3q 03 A|3%1| 19943 anJ3 9y}

YHM ‘91eW]S 109443 3Y} U] JUSPYUOD 1eYMIWOS d1e d9M—AlI|enb 31 IapOo|A 129443 Pajewllsa 3y} 03 350J2 AI9A S1 10349 anJ} 3y} 1ey} 9dUdPYU0d Huoils aaey am—Ayjenb yBiH :90uspins Jo sapelb dnoio Buiyiop 3JAVYD

seiq uoned||gnd uedyiubis , ‘Awoloziys
|esIop dAI1I|9S YJS ‘Y UIX0) Winuijnlog xojog ‘d|bue siuugy vy ‘d|bue sdieys yys ‘Aynbijqo sinjad 04 ‘a|bue 1yeys peay sH ‘9|bue 1eys 3dau s ‘obejusdiad uoneibiw 4y ‘o|bue a6pa 191udd 17D ‘Xapul Jejngeiade [y

Oooo (590~
qPIEISPON ¥7/'0 96 (¥00 '6C8E-) Lvel—  (YO6L-6E1)TC0L  (C6'/P-S0TL)86'6C (E€0C—8£01) SS'SL 144 € VL
@S (SL8-
qOIBISPON Yo S79  1000> '89SL-) cTTl—  (LLvr=-LLl9g) vLOy  (LL1'¥S-SC059)8LcS  (0L'SL-19/) SELL 651 9 vys
OCood (L9te-
qOIeI9PON S0C0 886 1000> 0P vEEE—  (FLEL-6'L0L) L6LL  (99SL-€6¥L)6CSL (€601-90'8) 676 996 Sl VSN
O (r6'6€—
q@IBISPON 8¥6'0 956 1L000> '0S56v—) CLYh— (6L LL-vL L) LLvL (LO'S9-LEYS) 8965 (1601-96'L) €¥'6 991 144 dW
Oosd (009—
q@IBISPON Y810 816 1000> (#L'09-91GE) SOy  (P8VE-€0'LT) ¥6'LC '86CE-) 6V61l—  (£L9€1-69/) 8901 ole 6 \ED)
0@ (89'8— AWO0108150 DIA
oq MO /€00 CC6 1000> '8o¢l-)8L'LL— (0897-€9/1)cTee (159¢-€960) LO€EE (9401-8179) L¥'8 865 Ll IV -13d pue [eJowsa) paulquiod
anjea-d
131 (1D %S6) (1D %S6) (1D %S6) () awomno
apeip 549663 (%) ./ @njep-d  3dUIBYIP U do-3sod ueapy do-aid ueapy 9%G6) 9be ueayy (u)1994 (u) saipnis diydeisboipey uonuaAidu| jo adAL

(panunuod) Z ajqey



Menbari Oskouie et al. Journal of Orthopaedics and Traumatology

]

o

Intervention

on—

TDS(SDR) | -
TDS (Botox) -

TDS (Total) | -

60 /.:q 3'(> 24 112 0 17'
Migration Percentage MP Mean Difference

(A/B)x 100

CFPO -—

FO -

PO -

Intervention

STS -

12 0 12 24 36 48 60
CEA Mean Difference

Center Edge Angle

Intervention

35 28 21 14 7 0 7
TA Mean Difference
Tonnis Angle

(2025) 26:13

Page 18 of 30
CFPO -
s
B 4 B =© FO —a—
A S
g po =
A A €
= S5 -
2520 15 10 5 0 5
Al Mean Difference
Acetabular Index
S CFPO -
§ Fo .
2
£ ro -
" 80 -60 40 20 0 20 40
Neck Shaft Angle NSA Mean Difference
B /B
/
0\
A A g cFPo -
]
2
S Po =

20 -16 -12 -8 -4 0 4
ShA Mean Difference

Sharp's Angle

Fig. 2 Schematic representation of the mean difference (95% Cl) for each angle in various interventions

one study at a time to reveal which study could poten-
tially impact the results of our evaluations (Fig. 5 and
Appendix E).

Risk of bias assessment
Appendix F shows the risk of bias and concerns regarding
applicability for each domain across the included studies.
The quality of evidence according to GRADE is pre-
sented in Table 2 for each meta-analysis. Among the
studies, 10 were rated as having low-quality evidence,
11 as moderate-quality evidence, and 3 as high-quality
evidence.

Subgroup analysis

The results of each study within each intervention were
divided into three subgroups on the basis of their fol-
low-up time: less than two years (short term), between

2 and 5 years (midterm), and more than 5 years (long
term). The results of each subgroup are described in
Table 4, Fig. 6, and Appendix G. Our results suggest
that radiologic parameters did not change significantly
with increasing follow-up time (p > 0.05).

In addition, subgroup analyses based on preop-
erative severity were performed. MP was categorized
into three severity groups: mild (MP<39°), moder-
ate (39°<MP <£49°), and severe (MP >49°) [121]. The
results of this analysis are presented in Table 5 and
Fig. 7. This subgroup analysis was conducted for STS,
FO, and CFPO. Owing to the limited number of stud-
ies, subgroup analyses for other surgical procedures
could not be performed. Our findings indicate that in
all three interventions, patients in the severe group
experienced significantly greater improvement in MP
compared with mild and moderate groups (p <0.0001).
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Source MD (95% ClI)

Reidy, K. -53.90 [-68.86; -38.94] ———

Cottrill, EJ -38.10 [-46.02; -30.18] -

Zenios, M -29.00 [-46.69; -11.31] ——

Debnath, U.K. -66.90 [-74.13; -59.67) -

Kim, HT -63.60 [-72.06; -55.14]

Westberry, D.E. -51.10 [-63.28; -38.92] —Mk—

Westberry, D.E. -29.10 [-35.02; -23.18] s

Westberry, D.E. -42.30 [-50.90; -33.70] -

Westberry, D.E. -41.30 [-47.75; -34.85) -

Braatz, F. -52.00 [-57.16; -46.84] i

Muharrem Inan -45.00 [-51.98; -38.02) E &

Norine Ma -44.00 [-46.82; -41.18)

Erich Rutz -67.00 [-71.24;-62.76) Ik -

Jie Wen -33.00 [-36.05; -29.95] - Saiives MD (95% CI

Jason E. Kapp -49.00 [-50.38; -47.62] -] Cobeljic, G -15.50 [-/?25.1)8; 5.02) -

N. Kam!san -50.70 [-55.04; -46.36) . Cobeljic, G -32.10 [-40.63; -23.57] _._

N. Kamisan -43.30 [-53.63; -32.97] —— Martinsson, C. -5.50 [ -9.01; -1.99]

Zhang, SR -55.00 [-61.75; -48.25] k- Owers, K.L -49.56 [-54.62; -44.50] =

Bayusentono, S -37.40 [-42.82; -31.98] = Noonan, K.J. -19.00 [-27.03; -10.97] -

Chen, BPJ -25.50 [-28.58; -22.42] Bozinovski, Z.  -60.60 [-67.35;-53.85] Ml

Min, JJ -49.20 [-53.93; -44.47) = David A. Yngve  -55.00 [-79.50; -30.50] ——l——

Khalife, R -28.00 [-31.29; -24.71] H K. Pap -9.32 [-15.67; -2.97] E 3

Huh, K. -56.00 [-69.66; -42.34] —l—- K. Pap -1.40[-8.81; 6.01] E 3

Oto, M. -46.80 [-56.21; -37.39] - Myongsu Ha -24.10 [-32.58; -15.62) -

Christian A. Refakis -32.65 [-46.40; -18.90] —— Heimkes, B -9.30 [-10.20; -8.40] [+ ]

Federico Canavese, MD -30.50 [-39.63; -21.37] - Presedo, A -16.00 [-23.60; -8.40] -

Abousamra, O -30.00 [-38.86; -21.14] & Terje TERJESEN -10.00 [-15.31; -4.69] n

Kangming Chen -61.90 [-71.88; -51.92] —l— Shea, J -69.00 [-71.17; -66.83]

Total -44.72 [-49.50; -39.94] < Total -26.45 [-39.41; -13.48] —

Heterogeneity: 72, = 611.24 (P < .001), I = 96% f T T T T 1 Heterogeneity: 72, = 2876.50 (P <.001), /2= 100% 1

60 -40 20 0 20 40 60 -50 0 50

A Mean Difference (95% Cl) B Mean Difference (95% Cl)

Fig. 3 Forest plots showing A the combination of femur osteotomy and pelvic osteotomy, migration percentage; B soft tissue surgery, migration
percentage

Table 3 Trim and fill test results of the radiologic outcomes in various interventions

Type of intervention Radiographic Studies (n) Studies Feet (n) MD (95% ClI) p-Value ? (%)
outcome added (n)
Tone decreasing surgery Total MP 14 4 873 1.13(=3.49,5.76) 0.606 85.8
Botox MP 4 0 206 —4.20(-13.68, 5.29) 0.286 76.1
SDR MP 5 2 556 4.00 (-3.70, 11.70) 0.222 91.2
Soft tissue surgery Al 5 0 256 —8.13(=2347,7.21) 0215 96.1
CEA 8 2 328 19.38 (1.90, 36.85) 0.034 95.5
MP 19 5 1086 —7.57(=24.7,9.61) 0.367 99.7
Guided growth surgery MP 3 0 117 —9.97 (-12.65,-7.3) 0.004 0
Percutaneous osteotomy MP 4 0 141 —59.94 (-63.90, —55.97) <0.001 0
Pelvic osteotomy Al 8 2 424 —19.97 (-21.58,-18.35) <0.001 49.9
CEA 11 3 188 25.81(10.54,41.07) 0.004 90.7
MP 15 4 642 —61.65 (—=72.04,-51.26) <0.001 95.7
NSA 3 0 171 —23.85 (—77.58, 29.86) 0.196 97.9
ShA 6 2 183 —16.06 (—21.84,-10.29) 0.001 89.6
TA 5 2 66 —11.8(-24.40,0.79) 0.060 90.6
Femoral osteotomy Al 9 3 548 -1.16 (-6.09, 3.77) 0.603 96.4
CEA 5 2 336 6.00 (—=7.54, 19.54) 0.286 95.0
MP 14 4 1091 —10.53 (—25.87,4.82) 0.162 9838
NSA 13 5 1161 —5.15(—28.93, 18.63) 0.645 99.7
Combined femoral and pelvic oste- Al 20 6 803 —14.56 (=17.77,-11.35) <0.001 94.4
otomy CEA 12 3 410 39.22 (25.90-52.54) <0.001 925
MP 28 0 1766 —44.72 (-49.50, —39.94) <0.001 95.6
NSA 24 6 1129 —24.36 (—36.19,-12.52) <0.001 99.1
ShA 6 0 159 —12.22 (-15.68,—-8.75) <0.001 62.5
TA 3 0 44 —19.47 (-38.29, -0.65) 0.047 926

Al acetabular index, CEA center edge angle, MP migration percentage, NSA neck shaft angle, HSA head shaft angle, PO pelvic obliquity, ShA Sharp’s angle, TA Tonnis
angle, Botox botulinum toxin A, SDR selective dorsal rhizotomy
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Fig. 4 Funnel plots showing A the combination of femur osteotomy and pelvic osteotomy, migration percentage; B soft tissue surgery, migration

percentage

Discussion

This systematic review and meta-analysis assessed the
radiological outcomes of various surgical interven-
tions for spastic hip deformities in patients with cer-
ebral palsy, including PO, FO, CFPO, STS, TDS, OR,
GGS, and PCO. It synthesized quantitative data for
key radiological parameters, such as Al, CEA, and MP.
This study is notable for being the most comprehen-
sive meta-analytic comparison of these techniques in
the literature, and includes recent studies; offering an
updated perspective and deeper insights through quan-
titative synthesis.

This meta-analysis revealed significant improve-
ments in several key radiographic parameters follow-
ing PO in patients with CP. Specifically, the Al showed
a large reduction (MD=-19.57, p<0.001), indicating
improved acetabular formation and coverage. The CEA
increased substantially (MD =35.27, p<0.001), reflect-
ing enhanced lateral femoral head containment. MP
also decreased significantly (MD=-53.06, p<0.001),
suggesting reduced hip subluxation/dislocation. These
findings align with previous studies demonstrating the
ability of PO, such as the Dega, to reorient the dysplas-
tic acetabulum and improve femoral head coverage [43,
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Fig. 5 Sensitivity analysis using the leave-one-out method: A the combination of femur osteotomy and pelvic osteotomy, migration percentage; B
soft tissue surgery, migration percentage
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Table 4 Subgroup meta-analysis of radiologic angles across interventions at varying follow-ups
Type of surgery Radiologic Follow-up Studies (n) Feet (n) MD 95% Cl 2 (%) Subgroup
angle p-value
Tone decreasing surgery MP Short term 4 422 -049 -4.69;3.70 834 0.716
Midterm 3 270 —1.45 -8.31;540 513
Soft tissue surgery MP Midterm 5 462 —24.24 -50.32;1.84 98.6 0.725
Long term 6 262 ~20.24 ~32.75,-7.72 89.1
Femoral osteotomy MP Midterm 4 196 —34.72 -52.72;-16.73 886 0.098
Long term 5 383 -18.29 —41.01;443 98.8
Combined femoral and pel- Al Midterm 8 240 -10.09 —13.40;-6.79 74.8 0457
vic osteotomy Long term 5 313 ~12.05 ~18.23;-5.87 949
CEA Midterm 5 154 47.07 28.24,65.89 89.0 0.929
Long term 4 162 4815 15.50; 80.81 950
MP Midterm 14 752 —43.04 -50.15; -35.94 93.1 0.469
Long term 12 914 —46.73 —55.28;,-38.18 96.3
Al acetabular index, CEA center edge angle, MP migration percentage
Source MD (95% CI)
follow.up = Long term
Reidy, K. -53,90 [-68.86; -38.94] —Ml——
Zenios, M -29.00 [-46.69; -11.31]
Debnath, U.K. -66.90 [-74.13; -59.67] -l
Westberry, D.E. -29.10 [-35.02; -23.18]
Westberry, D.E. -42.30 [-50.90; -33.70]
Westherry, D.E. -41.30 [-47.75; -34.85) ]
Braatz, F. -52.00 [-57.16; -46.84] f _§
Norine Ma -44,00 [-46.82; -41.18]
Erich Rutz -67.00 [-71.24; -62.76] Rk
Zhang, SR -55.00 [-61.75; -48.25] -}
Min, JJ -49.20 [-53.93; [
Khalife, R -28,00 [-31.29;
Total ) -46.73 [-5 =
Heterogeneity: 72, = 294.47 (P < .001), I’
follow.up = Mid term ’Source }MD (95% CI)
Kim, HT -63.60 [72.06; -55.14] - follow.up = Long term
Westberry, D.E. -51.10 [-63.28; -38.92] —M— Benjamin J. Shore -5.40 [ -9.93; -0.87] A
Muharrem Inan -45.,00 [-51.98; -38.02] Settecerri, J.J. -42,00 [-46.01; -37.99] ]
Jie Wen -33,00 [-36.05; -29.95] Schmale, GA; -7.00 [ -8.25; -5.75]
N. Kamisan -50.70 [-55.04; -46.36] E. Rutz -3,00[-8.91; 2.91] -
N. Kamisan -43.30 [-53.63; -32.97] Hoon Park -34.10 [-39.67; -28.53] E &
Bayusentono, S -37.40 [-42.82; -31.98] Total 9 [-41.01; —
Chen, BPJ -25.50 [-28.58; -22.42] Heterogeneity: 72 = u <.001), /2 =
g:lh,“lz. -gggg {'gzg?, 'gigg} follow.up = Mid term
o, M. -46.80 [-56.21; -37.. 5 i 4 3 7 —-
Christian A. Refakis ~ -32.65 [-46.40; -18.90] ?Lﬁz\fd'z‘éw g;gg {_gg'ggi _;g'ga -
Federico Canavese, MD -30.50 [-39.63; -21.37] i . e -
Abousamra, O -30.00 [-38.86; Maria Larsson -31.00 [-40.13; -21.87] —-
Kangming Chen -61.90 [-71.88. Huh, K. -25.00 [-30.52; -19.48] L
Total -43.05 [-50 Total  -34.72[-52.72; -16 7” —
Heterogeneity: 72, = 188.48 (P < .001), I Heterogeneity: 7 = P <.001), /%=
Total -44.80 [-49.94; -39.66] < Total 2551 [-38.66; -12. 351 —
Heterogeneity: 72, = 535.54 (P <.001), 12 = 95% LI U Heterogeneity: 72 = 505.16 (P < ;001), 12 = 98% f I ! I
Test for subgroup differences: 72 = 0.53 (P = .47) 60 -40 20 0 20 40 60 Test for subgroup differences: /1 =273(P=.10) -40 -20 0 20 40
Mean Difference (95% Cl) Mean Difference (95% CI)
A B

Fig. 6 Subgroup analysis of A migration percentage after combined femoral and pelvic osteotomy intervention; B migration percentage

after femoral osteotomy; in various follow-up durations

44]. Femoral varus derotational osteotomy led to a sig-
nificant reduction in AI (MD=-4.44, p=0.042) and
MP (MD =-23.91, p=0.002). This indicates improved
acetabular morphology and hip containment follow-
ing femoral geometry correction, consistent with
prior studies [52, 53]. However, the change in CEA
(MD=11.75, p=0.130) was not statistically signifi-
cant. Patients undergoing CFPO exhibited significant

improvements across Al (MD=-11.18, p<0.001), MP
(MD=47.65, p<0.001), NSA (MD=-33.34, p<0.001),
ShA (MD=-12.22, p<0.001), and TA (MD=-19.47,
p =0.047). The CEA also increased significantly
(MD =47.65, p<0.001). These findings highlight the
ability of combined bony procedures to comprehen-
sively address both acetabular deficiencies and proxi-
mal femoral deformities [42, 72].
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Table 5 Subgroup meta-analysis of migration percentage across interventions at different severities
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Type of surgery Follow-up Studies (n) Feet (n) MD 95% ClI 12 (%) Subgroup p-value
Soft tissue surgery Moderate 4 130 —1247 —16.85; -8.09 99.5 <0.0001
Severe 6 278 —48.31 —62.68; —33.94
Mild 4 443 —7.94 —12.78;,-3.11
Femoral osteotomy Mild 3 109 -6.48 —8.18;, —4.77 98.3 <0.0001
Severe 6 584 -31.98 —43.46; -20.50
Combined femoral Severe 23 1371 —48.01 —52.53;-43.49 956 <0.0001
and pelvic osteotomy  pjoderate 5 395 ~2759 ~3061; -24.56
Source MD (95% ClI)
Subgroup = Mild
Benjamin J. Shore -5.40 [ -9.93; -0.87] E o
Schmale, GA; -7.00 [ -8.25; -5.75]
E.Rutz -3.00[-8.91; 2.91] —
Total -6.48[-8.19; -4.77] o
Heterogeneity: 13 = 2.04 (P = .36), I* = 1.9%
Source MD (95% CI) Subgroup = Severe
Subgroup = Severe Al-Ghadir, M -51.20 [-59.57; -42.83] ——
Reidy, K. -53.90 [-68.86; -38.94] —a— Settecerri, J.J. -42.00 [-46.01; -37.99] -
Cottrill, EJ -38.10 [-46.02; -30.18] —— Wagner, P; -10.00 [-12.40; -7.60] | §
Zenios, M -29.00 [-46.69; -11.31] — Maria Larsson -31.00 [-40.13; -21.87] —i—
Debnath, UK. -66.90 [-74.13;-50.67) —ll— Hoon Park -34.10 [-39.67; -28.53] —-
Kim, HT -63.60 [-72.06;-55.14]  —l— Huh, K. -25.00 [-30.52; -19.48] —-
Westberry, D.E. -51.10 [-63.28; -38.92] —.—_— Total -31.98 [-43.46; -20.51] ——
w:::g::zr g-g ﬁgg {jg-gg} 'gigg} +__._ Heterogeneity: 72 = 260.46 (P < .001), /% = 98.1%
Braatz, F. -52.00 [-57.16; -46.84] - Total -22.99[-34.46;-11.52] ; . =
Muharrem Inan -45.00 [-51.98; -38.02 ——
Norine Ma -44.00 {-46.82; -41.18} = -80 -60 Meah I-D‘i‘f(f)erence -20 0
JEiZC\:‘VeRr:"Z Zgg:gg {:g;:gg; :gg;g} - - Heterogeneity: 1 = 477.89 (P < 001), 12=98.3%
Jason E. Kapp -49.00 [-50.38; -47.62] Test for subgroup differences: 7 = 18.55 (P < .001)
N. Kamisan _50.70 [-55.04; -46.36] - B
N. Kamisan -43.30 [-53.63; -32.97) ——
Zhang, SR -55.00 [-61.75; -48.25] ——
Bayusentono, S -37.40 [-42.82; -31.98] - Source MD (95% Cl)
Min, JJ -49.20 [-53.93; -44.47) - Subgroup = Moderate
Khalife, R -28.00 [-31.29; -24.71] g 3 Cobeljic, G -15.10 [-25.18; -5.02] ——
Huh, K. -56.00 [-69.66; -42.34] —a— Noonan, K.J. -19.00 [-27.03; -10.97] ——
Oto, M. -46.80 [-56.21; -37.39] —— K. Pap -9.32[-15.67; -2.97] —H
Kangming Chen -61.90[-71.88;-51.92] —— Terje TERJESEN -10.00 [-15.31; -4.69] |
Total . -48.01 [-52,53; -43.49] <= Total -12.47 [-16.85; -8.09] =
Heterogeneity: 7z, = 399.6 (P <.001), I” = 94.5% Heterogeneity: 72 = 4.52 (P = .21), I” = 33.6%
\?b%oup Tang"derate 29.10 [-35.02; -23.18] - Subgroup = Severs
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STS alone had a more modest impact on radiographic
measures of hip dysplasia. No significant changes
were observed in Al (MD=-8.13, p=0.215) or CEA
(MD=11.34, p=0.128) postoperatively. However, MP
showed a statistically significant decrease (MD=-23.01,

p=0.006), suggesting that STS positively influences hip
alignment and migration in these patients. These results
also align with previous studies suggesting STS may help
improve hip abduction, but do not adequately address
severe bony deformities [96, 122]. STS is commonly
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performed as part of the overall management for address-
ing spastic hip in patients with CP. These procedures
often include adductor release and iliopsoas release,
which are frequently combined with other interventions.
In our study, the STS group consisted of studies that
focused exclusively on soft tissue surgeries, without any
additional bony procedures. However, several limitations
have been identified for STS alone. Notably, Owers et al.
indicated no significant improvements were observed in
the total range of hip motion following these procedures.
Also, no significant differences in preoperative and post-
operative changes in any parameters for both dystonic
and hypertonic groups were observed [89]. Furthermore,
Noonan et al. reported that soft tissue-only procedures
were associated with a higher risk of deterioration in MP
compared with patients who underwent bony recon-
struction [90].

The meta-analysis did not demonstrate a significant
change in MP (MD=-1.90, p=0.292) following TDS
procedures, such as selective dorsal rhizotomy or botu-
linum toxin injections. This corroborates prior evidence
indicating these interventions primarily impact spasticity
and range of motion, with limited effects on established
hip dysplasia or subluxation [101, 104]. GGS resulted in
a significant reduction in MP (MD=-9.97, p=0.004).
While data are limited, this finding supports previous
studies demonstrating the ability of proximal femoral
hemi-epiphysiodesis to gradually improve varus position-
ing and hip containment [115, 116]. Percutaneous pelvic
and intertrochanteric osteotomies led to a significant
decrease in MP (MD=-59.954, p<0.001). Though few
studies were available, this aligns with reports suggesting
these minimally-invasive techniques can provide satisfac-
tory radiographic correction [118, 120].

A subgroup analysis based on follow-up duration
indicated that radiologic parameters remained stable,
showing no significant changes with extended follow-
up periods (p>0.05). These findings suggest that relapse
and undercorrection are unlikely to occur over time. In
addition, a subgroup analysis based on preoperative MP
severity demonstrated that patients with more severe
deformities experienced greater improvements from the
interventions compared with those with moderate or
mild deformities. This suggests that patients with higher
degrees of deformity may derive greater benefit from
these interventions.

Figure 8 illustrates the mean difference (95% CI) of MP,
Al CEA, and NSA through different surgical methods.
PO and PCO are two types of interventions that decrease
MP more than other modalities (Fig. 8A). In addition, PO
improves Al more than other surgical methods (Fig. 8B),
but for enhancing the CEA, a CFPO suggests bet-
ter outcomes (Fig. 8C). Finally, there was no significant
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difference among various surgical methods for NSA
improvement (Fig. 8D). These findings were in line with
our hypothesis that PO and CFPO show better outcomes.
It is important to note that these results may be con-
founded by patients’ characteristics (e.g., age). Therefore,
the interpretation of these results should be approached
with caution. Figure 9 displays the total number of hips
that have undergone surgery in each surgery type (from
included studies) across different age groups (in years).
Children under 6 years mostly underwent TDS and STS.
In slightly older children (around 7 years), FO and GGS
were more popular. Finally, in children over 9 years; PO,
CFPO, and PCO were more common. In addition, the
severity of disability (GMEFCS level) may also be consid-
ered another potential confounding factor. In most of the
studies included in this review, results were not differen-
tiated on the basis of GMFCS levels. Instead, the popu-
lations were grouped together across all GMFCS levels,
which made it impossible for the effect of GMFCS sever-
ity on the outcomes to be evaluated.

Despite limitations in analyzing the clinical outcomes
of the included studies, some studies suggested that
improvements in radiologic outcomes were associated
with clinical improvements. Kim et al. reported sig-
nificant improvements after femoral and pelvic oste-
otomy, with enhanced radiographic outcomes (MP, Al,
and CEA). The median hip abduction range increased
from 21.8° to 40.0°. Postoperatively, 75% of patients who
could not sit independently pre-surgery were able to do
so without support. Pain decreased in 83% of patients,
and none experienced increased pain. In addition, 26%
of patients improved from GMFCS level V to level IV
[67]. Rutz et al. found significant reductions in both the
intensity and frequency of pain following treatment. Pre-
operative femoral head shape did not significantly influ-
ence changes in pain, MCPHCS grade, or GMECS level.
However, the preoperative MP emerged as the most sig-
nificant risk factor affecting postoperative outcomes [72].

Publication bias was quantitatively assessed using Egg-
er’s test, which identified significant bias in four meta-
analyses: CEA in the PO group (p=0.018), Al in CFPO
patients (p=0.037), and MP and NSA among FO patients
(p=0.026 and p=0.008, respectively). The retrospective
nature of many included studies introduced inherent
limitations, such as selection bias, incomplete data, and
variability in study design, all of which may impact the
reliability and generalizability of the findings. To address
these challenges, more rigorous prospective studies are
necessary to mitigate bias and enhance the overall quality
of evidence in future research.

As summarized in Table 2, the evidence quality var-
ied across the studies, with 10 rated as low-quality, 11 as
moderate-quality, and 3 as high-quality. These variations
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Fig. 8 Mean differences with 95% confidence intervals of migration percentage, acetabular index, center-edge angle, and neck shaft angle

in different surgical methods

in evidence quality could affect the robustness and appli-
cability of our conclusions. The GRADE framework con-
siders multiple factors that influence the overall quality
of evidence, including study limitations, publication
bias, indirectness, inconsistency, and imprecision. In
particular, studies rated as low quality often had meth-
odological issues, such as risk of bias or small sample
sizes, which may undermine the reliability of their find-
ings. Furthermore, imprecision in the results, which was
assessed through trial sequential analysis (TSA), could
have resulted in wide confidence intervals that limit the
certainty of the effects observed. While moderate and
high-quality studies provide stronger evidence, their

relative scarcity in this analysis suggests that the find-
ings should be interpreted with caution, especially for
those outcomes based on lower-quality studies. In light
of this, future research should aim to enhance the meth-
odological rigor and sample size of studies in this field to
improve the overall evidence quality and its subsequent
impact on clinical recommendations.

The quantitative results provide important benchmarks
for anticipating the degree of radiographic improve-
ment following various surgical interventions in patients
with CP and spastic hip disease. However, these findings
must be interpreted with caution, owing to the signifi-
cant limitations of the study, stemming primarily from
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the substantial heterogeneity across the included stud-
ies. This variability is driven by several factors, includ-
ing differences in patient characteristics, such as age and
sex, as well as variations in the radiographic assessment
methods used. Moreover, some studies did not report
the specific radiological techniques they employed, fur-
ther complicating the ability to draw robust conclusions.
In addition, while advanced imaging techniques, such
as digital tomosynthesis (DTS), offer a more detailed
and accurate view of structural changes, it is impor-
tant to note that these methods have only recently been
developed. As such, they were not utilized in the stud-
ies included in this review, which may limit the precision
and reliability of the radiographic data reported. While
the studies were categorized on the basis of the type of
surgery (e.g., PO, FO, CFPO), it is important to acknowl-
edge that differences in surgical technique may still exist
due to variations in surgeon experience and expertise. As
such, it cannot be assumed that all surgical procedures
included in each subgroup were performed in an identi-
cal manner. These sources of heterogeneity highlight the
need to interpret the pooled results of each meta-analysis
with appropriate caution.

The clinical implications of our findings are significant
in guiding treatment decisions for spastic hip deformity
in patients with CP. Our study demonstrates that surgi-
cal interventions yield long-term stability in radiologic
outcomes, providing clinicians with confidence in plan-
ning long-term management, and assuring patients
and caregivers of minimal risk of relapse. In addition,
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recognizing that patients with more severe preopera-
tive deformities show greater radiological improvements
allows for personalized treatment plans and prioritization
of intensive interventions for these cases. The data on the
variance in effectiveness among surgical methods, such
as PO and CFPO, for different radiologic outcomes (e.g.,
MP and CEA) supports a tailored approach to selecting
appropriate interventions on the basis of deformity type
and target outcomes. Furthermore, the age-dependent
trends in surgical preferences underscore the importance
of timing in selecting interventions, where younger chil-
dren benefit from less invasive surgeries, such as TDS
and STS, while older children often require more com-
plex procedures, such as PO and CFPO. These insights
collectively enhance clinical practice by ensuring that
treatment strategies are both personalized and evidence-
based, optimizing recovery and functional outcomes for
children with CP.

This study is the most comprehensive systematic
review and meta-analysis to date evaluating radiologi-
cal outcomes of various surgical treatments for spastic
hip deformity in cerebral palsy. A rigorous search strat-
egy and bias prevention methods were used to minimize
the risk of bias. A large number of included studies and
patients allowed for a robust quantitative synthesis. How-
ever, limitations also exist. Considerable heterogene-
ity was present necessitating random effects modeling.
Publication bias was detected in some domains. Vari-
ability in follow-up durations, definitions of outcomes,
and study quality introduced heterogeneity. Confounding
from additional interventions, insufficient adjustment for
prognostic factors, and the retrospective nature of most
studies impact interpretability. The lack of functional
outcomes assessment is another limitation.

Conclusions

This systematic review and meta-analysis underscores
the superior efficacy of PO and CFPO in correcting spas-
tic hip deformity in children with CP. Radiological out-
comes, particularly the MP, demonstrated significant
improvements following these procedures. The findings
suggest that these approaches are particularly effective
for complex cases where procedures such as FO, STS, or
TDS may fall short. Given the complex nature of spastic
hip deformity, a tailored surgical approach that addresses
both skeletal and soft tissue abnormalities is recom-
mended. Future studies should focus on refining surgical
protocols and exploring the long-term functional out-
comes of these interventions.
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