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Abstract

BACKGROUND: Cerebral palsy (CP) patients commonly present with unilateral hip dislocation. However, the decision for
concurrent prophylaxis surgery on the contralateral hip in this condition is still controversial.

AIM: This study aims to explore the prognostic factors for contralateral hip dislocation and develop a scoring system.

MATERIALS AND METHODS: Data on CP patients with unilateral hip dislocation between January 2005 to January 2019 were
reviewed. We explored the difference of preoperative parameters between the group in which the contralateral hip is eventu-
ally dislocated or remains stable. A multivariable logistic regression analysis was performed to develop a model for predicting
contralateral hip dislocation.

RESULTS: Seven of included 30 patients (23.3%) developed contralateral hip dislocation. Pre-operative contralateral hip's
Reimer’s Migration Index (RMI), Acetabular Index (Al), Lateral Center Edge Angle of Wiberg (CEA), and Pelvic obliquity (PO)
were significantly different (p = 0.049, 0.019, 0.030 and 0.038 respectively). The multivariable logistic regression analysis
reveals that RMI > 25% (mOR 36.66, 95% Cl 1.13-1185.50, p = 0.042) and age <9 years old (mOR = 22.55, 95% Cl 0.76-665.37,
p = 0.071) are significant predictors. Both parameters were included in the model, which revealed an AuROC of 0.84 (95% CI
0.69-0.99). Each factor was assigned a score of 1. There was no contralateral hip displacement in patients with a score of 0.
Two out of 15 patients (28.6%) with a score of one developed contralateral hip displacement. Five out of eight (71.4%) patients
with a score of 2 developed contralateral hip dislocation.

CONCLUSIONS. Significant predictors for contralateral hip dislocation in CP patients are RMI >25% and age <9 years old.
The proposed scoring system might help guide the surgeon'’s decision to perform contralateral prophylactic surgery.
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Moaenb NporHo3upoBaHMA BbiBUXa KOHTpanaTepasbHOro
6eapa y nauueHToB C LiepebpanbHbIM NapasuyoM

W OJHOCTOPOHHWUM BbIBUXOM beppa:

CUCTEMa OLLeHKU ANS NPUHATUSA peLeHUn
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AuHomayus

AxkmyansHocme. B KoMnnekce npo6nieM, BbIABNISIEMbIX Y NALMEHTOB C LepebpanbHbiM MapanuyoM, YacTo BCTpeyaeTcs
0[JHOCTOPOHHWM BbiBUX beapa. OgHaKo Bonpoc He06X0AMMOCTY OHOBPEMEHHOIO MPEBEHTUBHOIO OMEPaTUBHOMO BMELLATESb-
CTBa Ha KOHTpanatepanbHoM befipe Mpu LEHTPaNbHOM Napanuye no-npexHeMy Bbi3blBaeT JUCKYCCUM.

Llesns — onpepgeneHne NporHoCTMHECKNX GaKTOpOB pa3BUTUS BbiBMXa KOHTpanaTepanbHoro beapa u paspabotka cucte-
Mbl OLIEHKU [J181 MPUHATUS peLLeHns 06 onepaTUBHOM NIEYEHUU.

Mamepuanel u Memodsl. 3a nepuog ¢ sHeapa 2005 r. no sHBapb 2019 r. npoBeAeH 0630p NaUMEHTOB C LiepedpabHbIM
napanuyoM U OLHOCTOPOHHWUM BbIBMXOM bBefpa. OBHapyeHO pasninyme mokasaTened 0 onepauuu B rpynmne nauueHToB,
Y KOTOPbIX BMOCNEACTBUM Pa3BUIICA BbIBUX KOHTpaniaTepanbHoro bespa unm y KoTopbiX KOHTpanaTepanbHblii Ta300epeHHbIi
CycTaB ocTancs cTabunbHbIM. [1ns paspaboTku Mofenu NporHo3MpoBaHUs BbiBKXa KOHTpanartepanbHoro beapa Mbl npoBenm
MHOroaKTOpHbIi aHanU3 MeTOL0M JIOTUCTUYECKOW PErpeccun.

Pe3ynbmamei. U3 30 nauneHTOB, BKIOUEHHbIX B UCCIEJ0BaHME, BbIBUX KOHTpanaTepanbHoro bespa passuncs y 7 yeno-
BeK (23,3 %). Y 3Tux naumeHTOB HabNAanMCh 3Ha4MMble pasnuuKA NoKasaTenei MUrpaLMoHHoro MHaeKca PeliMepca (RMI),
aueTabynspHOro WHAEKca, natepasbHOrO LEHTPanbHO-KpaeBoro yrna Bubepra u nepekoca Tasa fo onepauum (p = 0,049,
0,019, 0,030 1 0,038 cooTBeTCTBEHHO). B X016 MHOTrO(AKTOPHOr0 aHanM3a ¢ NPUMEHEHUEM JTOTUCTUHECKON Perpeccum Mol 06-
HapyXWiK, 4TO 3HAYMMbIMM NPOrHOCTUYECKUMM (akTopamu sBnstoTcs RMI >25 % (MeamaHa oTHowweHus waHcoB 36,66, 95 %
IN 1,13-1185, 50, p = 0,042) n Bo3pact <9 net (MeamaHa oTHowweHus waHcoB 22,55, 95 % AN 0,76-665,37, p = 0,071).
06a napameTpa bbinn BKIOYEHBI B MOAENb, B pe3ynbTaTe nnowaab nos ROC-kpueoi coctauna 0,84 (95 % AU 0,69-0,99).
Kaxpomy daktopy npucsamsanm 1 6ann. Y naumeHTos ¢ 6annom 0 cMeLLeHVe ronoBKM KOHTpanaTepanbHoi beapeHHOM Ko-
cv otcyTcToBano. Cpeam 15 naumeHToB ¢ 6annom 1 cMeLLeHKe rofoBKW KOHTpanatepanbHoi 6eipeHHOI KOCTW MPOM30LLSIO
y ABYX yenosekK (28,6 %). 113 8 naumeHToB ¢ 6annoM 2 BbIBUX KOHTpanaTepabHOro befpa passuncs y 5 yenosek (71,4 %).

Bbigodel. 3HauMMBIMU NPOTHOCTUYECKUMI (aKTopaMK pa3BUTUS BbIBUXa KOHTpanaTepanbHoro 6espa y naumMeHToB C Le-
pebpanbHbiM napanuyom sensioTcs RMI >25 % u Bo3pact <9 ner. [peanaraemMas cucteMa 6anmnbHOM OLIEHKU MOXET MOMOYb
XMpypraM NpUHATb peLLeHne 0 NpoBeLEHUM NPEBEHTUBHOTO OMEpPaTUBHOMO BMELLIATENbCTBA HA KOHTpanaTepasnbHoM beape.
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OPUTMHAJIbHOE UCCITELOBAHUE

BACKGROUND

Cerebral palsy (CP) is a group of disorders mainly
affecting motor function. It is caused by a non-progressive
brain lesion while the motor impairment is progressive.
It is a considerably common condition with a prevalence
of 1:1000 live birth [1]. In addition, hip subluxation and
dislocation are commonly encountered in this condition,
especially in a patient who has a higher grade of the Gross
Motor Function Classification System (GMFCS) [2].

The recommended surveillance and treatment algorithm
have been outlined in many guidelines [3, 4]. Early detection
and preventative soft tissue surgery in hip-at-risk patients are
recommended to prevent further hip displacement [5]. If the
hip is dislocated, it is commonly treated by proximal femur
varus derotation osteotomy (VDRO). Reconstruction of the
dislocated hip can decrease the migration index and prevent
femoral head deformation in the long term [6]. Preoperative
Reimer’s migration index (RMI) is a significant predictor of
outcomes [7]. Furthermore, combining pelvic osteotomy with
VDRO may provide a better chance of achieving a painless
and stable hip, even when the surgery is performed after
triradiate cartilage closure [8, 91.

The natural history of the contralateral hip reveals a
varying rate of progression from as low as 4% to 74% [1, 10].
Several factors were associated with the progression of the
contralateral hip. These factors include reversal of pelvic
obliquity, larger contralateral hip RMI, younger age, higher
Acetabular Index (Al), and non-ambulatory status [11-15].
Thus, the management of the contralateral hip is still
controversial.

AIM. Therefore, we aim to explore the prognosis factors
for contralateral hip dislocation and establish a prediction
model. This model could help the surgeon decide to perform
a concurrent VDRO of the contralateral hip.

MATERIALS AND METHODS

Research design

This is an institutional review board-approved,
retrospective study on all CP patients with unilateral hip
dislocation during a 14-year period from January 2005 to
January 2019.

Conformity criteria

Relevant data were collected from chart records and
radiographic images. Demographic data, including age,
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body weight, and body height, were recorded at the time
that the dislocation was detected. In addition, preoperative
GMFCS classification and topographic classification were
recorded.

Radiographic parameters, which included Reimer’s
migration index (RMI), acetabular index (Al), center edge
angle (CEA), neck shaft angle (NSA), and pelvic obliquity
(P0), were measured both pre-operatively and every post-
operative visit. RMI was measured with a classical method
described by Reimers [16]. Al and CEA were measured using
the lateral end of the acetabular sourcil as a landmark
[17]. PO was measured with the 0'Brien method [18], and a
positive value means that the dislocated hip is higher than
the contralateral side.

Treatment protocol

We have four pediatric orthopaedists who actively
worked during these 14 years. Patients who had a unilateral
dislocated hip were offered surgical reduction. The definition
of unilateral dislocation is when the patient has one hip
with RMI >40% while the contralateral hip has RMI <40%.
If the patients and parents agreed with the treatment plan,
VDRO with or without pelvic osteotomy would be performed.
However, some of them denied surgery. The decision to
perform concomitant pelvic osteotomy (either Pemberton or
Dega osteotomy) is based on each surgeon’s appreciation of
the degree of acetabular dysplasia. Adductor tenotomy was
performed in all cases within the same operation for the
contralateral hip. The patients were placed in a hip spica cast
for six weeks post-operatively in abduction. The radiograph
was taken at two weeks, six weeks, three months, six
months, and then yearly until skeletal maturity (defined by
Risser stage 5 from the X-ray).

Outcome measurement

The hip which is dislocated at the first presentation is
identified as the “dislocated hip”. The other side is recognized
as a “contralateral hip”. Hip dislocation is defined as having
an RMI >40% because most hips with an RMI above this
threshold will progress if the patient does not receive
operative treatment [10]. Patients were divided into two
groups. The group in which the contralateral hip eventually
dislocated is designated as the “dislocated group”. The
remaining patients are designated as the “non-dislocated”
group. Each preoperative parameter was compared between
these two groups.
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Statistical analysis

Data distribution patterns were examined by histogram
and Shapiro-Wilk test. Normally distributed continuous data
were presented with mean + SD and tested with Independent
T-test. Non-normally distributed continuous variables were
presented with median and interquartile range (IQR) and
were tested with the Mann-Whitney U-test. Categorical data
were presented with count and percentage and tested with
Fisher's exact probability test. Statistical significance was
set at p < 0.05. All statistical analyses were performed by
using STATA 16 (StataCorp, LLC, College Station, TX, USA)
Multivariable logistic regression analysis was performed
to identify the prognostic factors from candidate predictors
such as age, disease severity, and radiographic parameters.
Subsequently, the prediction model was then developed
using a step-wise backward elimination algorithm to include
only variables with statistically significant predictive ability.
Model discriminative performance was presented with the
area under Receiver operating classification curve (AuRQC).
Model calibration was performed using Hosmer-Lemeshow
goodness-of-fit statistical analysis. A bootstrap resampling
procedure with 200 replications was used to internally validate
the developed model. Posthoc power analysis using G*Power
(version 3.1, Heinrich Heine University, Diisseldorf, Germany)
was performed.

For practicality, the developed model was presented
by the predictive scoring system. First, the weighted score
was derived from each predictor’s regression coefficient
(). Then, the total score was then categorized into three
groups (low, moderate, and high risk) to assist physicians
in decision-making for performing prophylactic contralateral
hip procedures.

RESULTS

A total number of 30 CP patients who initially developed
a unilateral hip dislocation were included in this study. The
patients’ demographic data at the index visit are presented in
Table 1. Of 30 patients, contralateral hip dislocation happened
in seven (23.3%) patients.

A statistically significant difference was noted between
the demographics of the dislocated group and the non-
dislocated group at the index visit. The body weight and
height are significantly lower in the dislocated group
(p=0.050 and p.= 0.006, respectively). However, the
mean age is not significantly different between the two
groups (p =0.213). There were no significantly different
proportion of topographical classification (p = 0.386) and
GMFCS (p = 0.936) between two groups. The proportion of
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patients who underwent VDRO between the two groups is not
significantly different (p = 0.64).

Preoperative parameters that indicate hip dysplasia of
the contralateral side, which are the RMI, Al, and CEA, are
significantly different between the two groups (Table 1). RMI
of the contralateral side is higher in the dislocated group
(30.2% +7.1%, range 15.4-36.3% vs. 23.5 + 7.8%, range 13.0-
38.0%, p = 0.049), and the Al is also higher (p = 0.019). The
CEA of the contralateral hip is lower in the dislocated group
(p = 0.030). No statistical difference was noted regarding
the RMI (p = 0.893), Al (p = 0.603), and CEA (p = 0.673) of
the dislocated side. The NSA is not different between the
two groups for both the dislocated side (p =0.337) and
the contralateral side (p = 0.885). The preoperative pelvic
obliquity is significantly lower (p = 0.038) in the group in
which the contralateral hip is eventually dislocated.

VDRO was performed in 21 patients (70.0%). In these
patients, adductor tenotomy was also performed on the
contralateral side. Out of 21 patients, their contralateral
hip eventually dislocated in four (19.0%). Contralateral hip
dislocation in patients who received VDRO is slightly lower
than in patients who did not (19.0% vs. 33.3%, p = 0.640).
The remaining 17 hips which the contralateral side did
not dislocate have their RMI slightly decrease from 20.76
+ 6.14% to 18.47 + 7.58%. However, it is not statistically
significant.

The dislocated group’s mean pelvic obliquity at the
last follow-up visit was —1.86° + 6.203° compared to
8.00° + 9.648° in the non-dislocated group. The difference
is statistically significant (p = 0.017). The degree of pelvic
obliquity correction (p = 0.259) and the presence of pelvic
obliquity reversal (p = 0.345) are not significantly different
between the two groups.

The mean follow-up time is 36.92 + 23.82 months (range,
12.12-103.49 months). The mean time after the index visit
until the contralateral hip dislocate is 16.95 + 8.13 months
(range, 7.82-29.44 months). Out of 30 patients, 14 patients
(46.7%) were followed until maturity. Three of these patients
(21.4%) developed contralateral hip dislocation. When only
complete follow-up patients were analyzed, parameters that
were statistically different were the RMI (34.0 + 3.6% vs.
20.6 + 6.4%, p = 0.005) and Al (24.0° £ 9.1° vs. 16.0° £ 4.2°,
p = 0.041) of the contralateral dislocated group and not
dislocated group respectively.

During the follow-up period, there were five patients
whose GMFCS changed. Two out of 7 patients (28.5%)
who initially presented with GMFCS V improved to GMFCS
IV. Three out of 13 (23.1%) patients initially presented with

DOl https://doi.org/1017816/psaic1270
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Table 1. Demographic data of cerebral palsy patients categorized by the presence of contralateral hip dislocation

Taﬁnuua 1. ,D,EMOFpadJVI‘-IeCKVIE [aHHble NMaluMeHTOB C LUEHTPalibHbIM MNapaauyoM, pacnpenenieHHble no CTatyCcy HaluyuAa BblBUXA

KOHTpanatepasnbHoro 6eapa

Contralateral hip dislocation
(n=17, 23.3%)

No contralateral hip dislocation
(n=23,76.7%)

Demographic data p-value
Mean +SD Mean +SD
Clinical characteristics
Age, months 76.4 63.4 105.7 50.2 0.213
Sex, n, %
Male 4 57.1 12 52.2 1.000
Female 3 42.9 11 47.8
Body weight, kg 13.9 3.6 23.4 11.7 0.050
Body height, cm 109.0 1.4 125.4 18.5 0.006
Topographic classification, n, %
Spastic Diplegia 2 28.6 1 47.8 0.386
Spastic Quadriplegia 5 7.4 10 43.5
Spastic hemiplegia 0 0.0 2 8.7
GMFCS classification, n, %
GMFCS i 0 0.0 1 bb 0.936
GMFCS Il 2 28.6 7 30.4
GMFCS IV 3 42.9 10 43.5
GMFCS V 2 28.6 5 21.7
Received Femoral VDRO? 4 57.1 17 73.9 0.640
Radiographic parameters
Unstable hip
RMI, % 63.4 26.5 64.8 22.0 0.893
Al (%) 31.3 8.0 29.7 6.7 0.603
CEA® (°) =171 38.0 -12.4 21.7 0.673
NSA® (°) 157.7 5.4 154.4 8.4 0.337
Contralateral hip
RMI, % 30.2 7.1 235 1.8 0.049
Al (°) 27.8 8.6 20.3 6.5 0.019
CEA (°) 9.7 11.8 205 10.7 0.030
NSA (°) 155.9 8.3 155.4 8.0 0.885
Pelvic obliquity (°) 1.7 35 6.6 55 0.038
Presence of pelvic obliquity reversal, n, % 3 42.9 5 21.7 0.345

Note. GMFCS, Gross Motor Function Classification System; VDRO, Varus Derotation Osteotomy; RMI, Reimer’s Migration Index;
Al, Acetabular Index; CEA, Lateral Center Edge Angle of Wiberg; NSA, Femoral Neck Shaft Angle.
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Table 2. Univariable and full model multivariable logistic regression for predicting contralateral hip dislocation in cerebral palsy children

Tabnuua 2. OgHohaKTopHas M NojiHas MHOrohaKTopHas MOLENM NOTUCTUYECKON Perpeccum NS MPOrHO3MPOBaHMA BbIBUXA KOHTpana-
TepasnbHoro 6efipa y feTeil ¢ LepebpabHbIM NapannioM

Univariable analysis Multivariable analysis
Characteristics

uOR 95% Cl p-value mOR 95% Cl p-value
Age <9 years 5.66 0.68-63.33 0.105 22.55 0.76 665.37 0.071
Non-ambulators* 1.33 0.21-8.49 0.761 0.51 0.02 10.88 0.669
RMI > 25° 11.25 1.15-110.46 0.038 36.66 1.13 1185.50 0.042
Al > 25° 2.13 0.36-12.38 0.402 0.49 0.03 7.98 0.614
CEA < 25° 4.62 0.48-44.76 0.187 0.46 0.02 13.71 0.657

*Gross Motor Function Classification System (GMFCS) IV & V.
Note. RMI, Reimer’s Migration Index; Al, Acetabular Index; CEA, Lateral Center Edge Angle of Wiberg

*IV 'V ypoBHM no cucTeMe KnaccuuKaumm 6onbLumnx MoTopHbIX GyHKLmIA (GMFCS).

pumeyarue. MOLLl — MepamaHa oTHoLEHMS WaHcoB; RMI — MurpaumonHbin uHaeke Peiimepca; A — auetabynspHbi uHgekc; CEA — nate-
panbHbIN LEHTpanbHO-Kpaesoii yron Bubepra.

Table 3. Multivariable logistic regression for predicting contralateral hip dislocation in cerebral palsy children after backward elimination of
preselected predictors with transformed coefficients and assigned score

Tabnuua 3. MHOrogaKTOpHbIN aHaNM3 C NOMOLLbH0 METOZA IOMUCTUYECKOI PErpeccum 1S NPorHo3MpOBaHWUSA BbIBUXA KOHTPanatepasbHoro
benpa y AeTeid ¢ LEHTpasbHBIM MapanuyoM nocfie 06paTHOr0 MCKIKYEHUS NpefBapuTebHO BbIBPaHHbBIX NPOrHo3upyoLWwmMXx hakTopos
€ TpaHcHOpPMMPOBaHHBIMU KO3 GMLMEHTAMU 1 NPUCBOEHHBIM Baniom

Multivariable analysis Score
Characteristics
B 95% Cl p-value Transformed B Assigned score
Age <9 years 2.27 -0.22-4.75 0.074 1.00 1
RMI >25° 2.73 0.29-5.17 0.029 1.20 1

Note. RMI, Reimer’s Migration Index

[pumeyarue. RMI — murpaumonHbIn MHAeKe Peimepca.

Sensitivity
0.50 0.75 1.00

0.25

0.00

AuRQC = 0.84 (95%CI 0.69 to 0.99)

0.00 0.25 0.75 1.00

0.50
1 - Specificity

Fig. 1. ROC curve of the final model
Puc. 1. ROC-kpuBas oKoHuaTenbHoi Mofienu
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Taﬁnuua 4, Pacnpe,u,eneHme BblBMXa KOHTPanaTepasibHOro 6e,u.pa M0 KaTeropnaM yMepeHHoro 1 BbICOKOro pucKa

Table 4. Distribution of contralateral hip dislocation into moderate and high risk categories

Risk categories Score | Dislocation, n (%) | Stable, n (%) | Sensitivity 95% CI Specificity 95% CI
Low risk 0 0 7(30.4) 100.0 59.0-100.0 0.0 0.0-0.2
Moderate risk 1 2 (28.6) 13 (56.5) 100.0 59.0-100.0 30.4 13.2-52.9
High risk 2 5 1.4 3 13.0 11.4 29.0-96.3 87.0 66.4-97.2
Total score (Mean + SE) 1.7 0.2 0.8 0.1 p-value 0.003

GMFS IV improved to GMFCS Ill. No patients in this study
have deterioration of their GMFCS.

In univariable logistic regression, RMI more than 25% was
identified as statistically significant predictor (mOR 22.55, 95%
Cl 1.15-110.46, p = 0.038) , and it still shows significance in
multivariable logistic regression analysis (mOR 36.66, 95%
Cl 1.13-1185.50, p = 0.042. The other significant predictor
identified in multivariable logistic regression analysis is
the age <9 years old (mOR = 22.55, 95% CI 0.76-665.37,
p =0.071) (Table 2).

Step-wise backward elimination of all selected factors
was performed, and the significant factors from multivariable
logistic regression were then included in a final model. The
coefficients were transformed, and a proper score was
assigned for each factor (Table 3). The Receiver operating
characteristic (ROC) curve shows the AuROC of 0.84 (95% Cl
0.69-0.99) (Figure 1). Internal validation reveals a shrinkage
factor of 0.80. Calibration with Hosmer — Lemeshow test
yield p-value of 0.755, indicating good calibration. Posthoc
power analysis was performed by given values as follows:
the probability of rejecting the null hypothesis (H,) in high-
risk patients — 0.36, prespecified a 0.05, sample size — 30,
pseudo R, =0.29, effect size (determined by the probability of
events). As a result, the calculated power analysis revealed
the final model power of 0.62.

According to the risk of contralateral hip displacement,
the developed score was categorized into a low (score 0),
moderate (score 1), and high-risk group (score 2). There
was no contralateral hip displacement in patients who had a
score of 0 (0/7 patients). Two out of 15 patients (28.6%) who
had a score of 1 developed contralateral hip dislocation. For
the patients with a score of 2, 5 out of 8 (71.4%) developed
contralateral hip dislocation (Table 4).

DISCUSSION

Our study shows a rate of contralateral hip dislocation
of 23% (7/30 hips). The rate of contralateral hip dislocation

in other series varied from 4% to 75% [4, 6, 7]. The high
variation observed is most likely from the heterogeneity of
patients’ characteristics and the varying degree of RMI's
cut point of dislocation. The different surgical techniques,
including soft tissue release alone, VDRO, acetabular
osteotomy, or combined procedure, may also contribute to
this variety.

The main finding of this study is that the risks for
contralateral hip dislocation are significantly related to the
inherent stability and dysplastic of that side itself. This is
supported by the significant difference of the contralateral
side’s RMI, Al, and CEA between the dislocated group and the
non-dislocated group. The explanation is that all contralateral
hips will have some degree of progression eventually.
However, the hip with more coverage at the starting point
will be less likely to progress to the cut point of dislocation.
Noonan et al. [7] also found that contralateral hips that
required surgery had an initial RMI of 32%, in contrast to
17% in those who did not (p = 0.001). L.C. Abdo et al. [4]
found that, in patients with unilateral hip dislocation, of nine
patients for whom the contralateral hip RMI is <30% and Al
is <25° at the immediate post-operative period, only one
evolved to subluxation.

The severity of motor impairment is related to the
progression of the hip in CP. In the systematic review by
B. Pruszczynski et al. [19], there is a linear relationship
between increasing GMFCS and the risk of hip displacement.
However, in our study, we failed to demonstrate this
relationship. Even though the patients whose contralateral
hip eventually dislocated have a slightly higher proportion
of non-ambulators (71.4% vs. 66%, p > 0.05), the difference
is not statistically significant. The reason may be due to a
low number of ambulators in this cohort, which might not be
enough to provide a statistical difference.

Parameters related to pelvic balance are also of interest
as predicting factors. F. Canavese et al. [12] found that
reversal of pelvic obliquity after the operation correlates
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with subsequent contralateral hip displacement. Hagglund
et al. found a strong association between the high side of
PO and the side of the highest RMI. We believed that the
surgery on the dislocated hip might change the hip abductor
function and biomechanics, leading to a reversal of pelvic
obliquity, which places the contralateral hip in relative
adduction and leads to progression. This is supported by
our findings that the PO in the contralateral dislocated
group is lower pre-operatively and changes to a negative
value during the follow-up period. Although additionally, the
presence of pelvic obliquity reversal in the dislocated group
is higher (43% vs. 21%), it is not of statistical significance.
The number of patients in this cohort may be too few to
prove a statistically significant difference.

The effect of surgery on the unilateral dislocated hip was
believed to have a negative impact on the contralateral hip
in the past [6]. However, more recent studies, including our
research, proved that the surgery alone is not a prognostic
factor for contralateral hip dislocation. J.E. Gordon et al. [20]
found that of 48 patients with unilateral hip dislocation who
underwent VDRO, only 1 case (4.2%) developed subluxation
of the contralateral hip. However, a higher proportion of
ambulatory patients (41.7%) in their study might explain the
lower rate of contralateral hip dislocation.

Multivariable logistic regression identifies two significant
predicting factors for contralateral hip dislocation: age
<9 years and initial RMI >25%. Younger age at presentation of
unilateral hip dislocation has been linked to the progression
of the contralateral hip in a study by C. Carr et al. [6]. In their
study, femoral head coverage deteriorated more significantly
in patients younger than nine years old (12.5% vs. 0.2%,
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p < 0.05). Younger patients have more remaining growth,
and as the bone lengthened while the muscle remains short
and spastic, this would lead to progressive subluxation of the
contralateral hip. Even though all patients received bilateral
adductors release in our cohort either separately or as a part
of a single event multilevel surgery, this might not entirely
prevent the contralateral hip from progressing.

In recent years, there has been increasing interest in
bilateral hip surgery for CP patients, primarily for a bilaterally
dislocated hip. However, the decision to perform concomitant
surgery of the contralateral hip in patients with unilateral hip
dislocation is still controversial. A decision analysis performed
by M.S. Park et al. [21] favors concurrent prophylaxis of
the contralateral hip when the rate of the contralateral hip
progression is >27%.

Bilateral hip reconstruction in patients with bilateral hip
dislocation has provided satisfactory pain relief, improved hip
range of motion, and improved radiologic parameters [22].
Furthermore, a Same-day bilateral hip surgery provided a
lower rate of major complications, unplanned readmissions,
and reoperations than a staged surgery [23].Concurrent
prophylactic VDRO was performed in 80 hips in a study
by K.H. Sung et al. [24]. The result shows no progression
of the stable contralateral hip after surgery. However, if
the contralateral hip is displaced at the time of surgery,
there is an increased risk for post-operative subluxation.
N. Kamisan et al. [25] retrospectively compared bilateral and
unilateral hip reconstruction in CP patients with unilateral
hip subluxation. The result shows that bilateral surgery
results in a lower mean post-operative PO (5.6 vs. 2.1,
p=0.001) and a higher proportion of functional improvement,

Fig. 2. X-rays of patient 6 year-old with cerebral palsy: @ — with a unilateral left hip dislocation; b — the right hip’s Reimer’s Migration
Index is 18%. Varus derotation osteotomy was performed on the left hip; c — two years after the operation, the right hip is dislocated
Puc. 2. PeHTtreHorpaMMbl naumeHTa 6 nieT ¢ LepebpanbHbIM napanuyoM: @ — OLHOCTOPOHHMIA BbiBUX NeBoro 6eapa. MurpaumoHHbIN
nHaekc Peiimepca npaBoro beppa coctasnsieT 18 %; b — [epoTauMoHHO-Bapu3VpyIoLLYl0 0CTEOTOMUIO MPOBOAMAN Ha NeBoM benpe;
€ — 4epe3 2 roAa nocrie onepawLymm pasBucs BbiBUX npaBoro bespa
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Fig. 3. X-rays of patient 3 year-old with cerebral palsy: @ — with right hip dislocation. Left hip’s Reimer’s Migration Index is 36%;
b — varus derotation osteotomy was planned, but the parent denied surgery; ¢ — both hips eventually progressed

Puc. 3. PeHTreHorpamMMmbl naumeHTa 6 et ¢ LepebpanbHbIM napannyoM: a — BbIBKX NpaBoro beapa. MurpaumoHHbIi nHaeKe Pelivepca
neBoro bespa coctaensieT 36 %; b — Bbina 3anjaHMpoBaHa LepoTaLMoHHO-BapU3UpytoLLas 0CTEOTOMMUS, HO poauTeNn pebeHKa oTKasa-
JICb; ¢ — MocreaytoLLee NporpeccupoBaHue BbiBuxa 0boux besep

including sitting, standing, and walking. PO is believed to be
correlated with pain and postural balance [26], but the other
patient-reported outcomes would help to confirm its clinical
significance.

These studies show that bilateral hip surgery for unilateral
hip dislocation looks promising. However, many patients
will still not have progression of the contralateral hip, and
concomitant surgery might be considered an overtreatment.
Many reports on unilateral hip surgery also show a good
outcome [7, 27-31]. Nevertheless, our series reported a
mean post-operative pelvic obliquity of 3.9°. This value is
within 5°, which is considered the threshold for poor outcome
[25, 32], indicating that unilateral surgery might be sufficient
for some selected patients.

Some limitations are presented in our study. First, the
number of participants is relatively low. This is due to the
healthcare referral system of Thailand. Many patients are
referred to us, a university-affiliated hospital, for surgery.
Some opt to follow up at their local hospital post-operatively,
and we need to exclude them from the study.

Second, the follow-up time of patients in this study is not
uniform, and the mean follow-up time is about three years.
On the other hand, the time to contralateral hip dislocation
is reported as around 2-5 years [11, 12, 15]. Therefore, the
dislocation rate might be underestimated. However, roughly
half of the participants are followed to skeletal maturity, and
the subgroup analysis of these patients revealed a similar
rate of contralateral dislocation.

Third, although the prediction model developed has an
excellent AuROC, the posthoc power analysis of 0.62 means
that the model might need more participants. External
validation of the model and a prospective study with more
patients are still needed to confirm these findings. However,

our developed score can still be used to advise patients
regarding the risk for contralateral hip dislocation.

For low-risk patients with a score of 0 (age > 9 years
old and RMI <25%), the contralateral hip is less likely to
progress. For patients who have a score of 1. They should
be advised regarding the moderate risk of contralateral hip
dislocation. Risks and benefits of concurrent prophylaxis
VDRO should be discussed, and shared decision-making
is encouraged. Post-operative regular clinical exams and
radiographs are necessary to detect the contralateral hip
progression (Figure 2). Lastly, patients younger than 9 with
an RMI >25% should be advised regarding a high risk of
contralateral hip dislocation, and bilateral VDRO might be
considered (Figure 3).

CONCLUSIONS

Differences of preoperative RMI, Al, CEA, and PO suggest
that these factors may significantly predict contralateral hip
dislocation. However, using multivariable logistic regression,
only RMI >25% and age <9 years old were identified as
predicting factors. The proposed scoring system might
help guide the surgeon’s decision to perform contralateral
prophylactic surgery.
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