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The unstable hip in children with cerebral palsy: does 
an acetabuloplasty add midterm stability?
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Abstract

Purpose This study addresses whether an additional pelvic 
procedure is superior to a varus derotation osteotomy fe-
mur (VDRO) alone in unstable hips in children with cerebral 
palsy (CP).

Methods All patients had unstable hips utilising the Mel-
bourne Cerebral Palsy Hip Classification System (MCPHCS). 
We compared one group that underwent VDRO alone with 
one that had a combination of VDRO and Dega osteotomy 
(VDRO+). Measurements were taken before surgery, postop-
eratively, two years after surgery and at latest follow-up. Gen-
eralised estimating equations were used to account for known 
and unknown correlations between hips from bilateral cases. 

Results In total, 74 hips in 57 children fulfilled the inclusion cri-
teria. There was no outcome difference between Gross Motor 
Function Classification System levels III, IV and V. Age at time 
of operation ranged from three to 16 years (mean 9.8 years). 
Mean follow-up was 49.1 months. In the VDRO group (28 hips) 
migration percentage (MP) changed from 61% preoperative to 
a final value of 35.7%. In the VDRO+ group (46 hips) the MP 
changed from 64.4% to 19.3%. At final follow-up 15 hips (54%) 
were stable in the VDRO group, 37 hips (83%) in the VDRO+ 
group. The odds ratio (OR) of hip stability at final follow-up was 
3.5-times higher in the VDRO+ group versus the VDRO group 
(OR = 3.9; 95% confidence interval = 1.5 to 9.7; p = 0.004).

Conclusion Reconstruction of unstable hips via VDRO + Dega 
in children with CP provides a higher likelihood of long-term 
stability than an isolated VDRO. 

Level of Evidence Level III, retrospective comparative study
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Introduction
Spastic hip displacement affects approximately 35% of 
children with severe cerebral palsy (CP).1,2 The risk of hip 
displacement is directly related to gross motor function 
as categorised by the Gross Motor Function Classification 
System (GMFCS),3 and affects most children with GMFCS 
levels IV (70%) and V (90%), and fewer with GMFCS level 
III (40%).2 Subluxated hips with a Reimers’ migration per-
centage (MP)4 between 30% and 60% have a 25% risk to 
further subluxate and hips with an MP of > 60% are very 
likely to dislocate regardless of the age of the patient.5

These children require hip stabilisation surgery to 
prevent advanced hip subluxation or dislocation, which 
would lead to sitting and resting difficulties as well as pain.

Controversy persists within the orthopaedic community 
as to the extent that reconstructive hip surgery is neces-
sary. Some surgeons perform a varus derotation osteotomy 
(VDRO) of the femur, but do not address the acetabulum, 
which is almost always dysplastic, or use a ‘sequential 
approach’.6 Increased procedure time, additional blood 
loss and thus potentially increased morbidity have also 
been arguments against additional pelvic procedures.7

This retrospective comparative study aims to determine 
whether a VDRO plus pelvic osteotomy is justified over 
a VDRO alone to stabilise and maintain stability of the 
unstable hip in children with CP.

Materials and methods
The study was conducted at our tertiary centre, The Chil-
dren’s Hospital at Westmead, Sydney, Australia, from med-
ical records and radiographs. Approval had been obtained 
from the hospital’s Human Research Ethics Committee. All 
personal data were de-identified for the purpose of the 
study. For the study conduct and the preparation of the 
manuscript no funding has been received. There is no 
conflict of interest to declare.

The children underwent surgery between 1st June 2005 
and 14th April 2011.  The minimum observation period fol-
lowing surgery was two years. 

Only children with unilateral or bilateral unstable hips 
at the time of hip reconstruction surgery were included 
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in this study. Hip instability was defined as grade IV and 
higher in the Melbourne Cerebral Palsy Hip Classification 
System (MCPHCS),8 which delineates an unstable hip, lia-
ble to progressive displacement and symptomatic deterio-
ration with time, having an MP > 30%, a broken Shenton’s 
line by > 5 mm and variable head or acetabular deformity.

Children who had previous bony surgery to the hips 
were excluded from the study, however, children who had 
previous or simultaneous anterior/medial hip release were 
included.

Surgery was performed by two senior surgeons. The 
extent of the operation (VDRO alone or VDRO/Dega com-
bined) was determined by the surgeon’s preference and 
influenced by the child’s health: three children had no 
Dega osteotomy to allow early weight-bearing, in eight 
children co-morbidities precluded a pelvic osteotomy in 
the same session and four children had a Dega osteotomy 
on only one (the worse) side for the same reason as men-
tioned above. For the remaining six children the surgeon 
decided against a Dega osteotomy to limit surgical time 
and blood loss. The goals of surgery were long-term hip 
stability for ease of care, comfortable positioning in the 
wheelchair and bed and freedom from pain.

For the VDRO in children with GMFCS IV and V both 
surgeons aimed for a neck-shaft-angle of 110° to 115° and 
0° to 10° of femoral antetorsion.

Before or concomitant to bony hip surgery children 
had bilateral hip adductor release and anterior hip release. 
Hip adductors were released consecutively until a mini-
mum of 45° hip abduction was achieved in hip flexion and 
a minimum of 30° abduction in hip extension: adductor 
longus followed by gracilis, adductor brevis and adductor 
magnus. Children who were able to walk (GMFCS III) had 
a psoas muscle recession at or over the pelvic brim, chil-
dren with GMFCS IV/V had an iliopsoas tendon release at 
the lesser trochanter.

If a hip was subluxated or dislocated and concentric 
relocation could not be achieved in a closed fashion, open 
hip reduction was performed.

Radiographs of the pelvis were taken prior to hip 
reconstruction, directly thereafter, two years after sur-
gery and at the latest follow-up. The pelvic views were 
performed in an anteroposterior fashion with the patient 
lying supine, legs in neutral abduction and neutral hip 
rotation, i.e. patellae facing the ceiling. Parents may have 
assisted to obtain the standard position. Since children 
with CP frequently have hip flexion contractures leading 
to an anterior pelvic tilt, they were positioned with their 
hips and knees flexed to 30° on a foam block. This posi-
tion promotes correct measurements of the pelvic indices 
and maintains hips in neutral rotation and symmetrical/
neutral abduction.

We used the following quantifiable radiographical indi-
ces: Reimers’ MP delineates the percentage of the width 

of the femoral head lateral to Perkin’s line (a perpendicular 
line to Hilgenreiner’s line passing through the lateral edge 
of the acetabulum). MP is considered the most reliable 
measurement to quantify femoral head migration in chil-
dren with CP.2,4,5 For this study a value > 30% was consid-
ered pathological.

Since the concavity of the acetabulum develops in 
response to the presence of the spherical femoral head as 
a precondition of concentric hip development,9 we mea-
sured acetabular dysplasia using Hilgenreiner’s Acetabular 
Index (AI)10 and Wiberg’s Centre Edge Angle (CEA).11

AI as a measure to evaluate acetabular dysplasia has 
been generally accepted.12 It describes the angle between 
Hilgenreiner’s line and a line connecting the lateral edge 
of the acetabulum and the most medial point of the ilium 
adjacent to the tri-radiate cartilage (norm: age three years 
= ~ 15°, at 15 years < 10°).13 Considering the age range of 
the study group (three to 16 years), 15° was chosen as a 
cut-off.

CEA is used extensively in the Anglo-American and 
Scandinavian literature to evaluate therapeutic results.14 
CEA is the angle between a vertical line on Hilgenreiner’s 
line, running through the centre of the femoral head, and 
a line connecting the centre of the femoral head with the 
lateral edge of the acetabulum (norm: four to 13 years > 
20°, > 14 years > 25°).11,15 The centre of the femoral head 
is determined by using the circle tool in the Siemens 
imaging software Syngo (Syngo.via, Siemens Healthcare 
GmbH, Erlangen, Germany) of the femoral head. Consid-
ering the age range of the study group, values < 20° were 
considered pathological.

Measurements were performed by the authors. The 
junior co-author (DLW) had been trained to measure 
radiological indices used in this paper by the senior author 
(MWA). The senior author has many years of experience 
in measuring radiological indices of the pelvis in children 
and was co-author of an inter-rater reliability study for 
Reimers’ MP.16

Measurements were taken before and after hip recon-
structive surgery, two years thereafter and at the last radio-
graph within the observation period. Radiographs were 
viewed through the hospital’s Picture Archiving and Com-
munication System (PACS, Siemens Healthcare GmbH, 
Erlangen, Germany) and measurements performed via 
the Siemens Syngo digital tool set. The centre of the fem-
oral head was determined through the circle tool.

The surgeon’s volume of hip surgery has been described 
as a predictor for a successful outcome.17 Both surgeons 
involved performed approximately 25 hip reconstructions 
per year (one of the surgeons also at another institution). 
The senior author of this study (MWA) performed most 
of the Dega osteotomies, between ten and 25 per year in 
combination with a VDRO. The other surgeon did ten or 
more VDROs per year.
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Table 1 Demographic data related to type of hip surgery

Procedure Patients, n Hips, n Sex, male Sex, female Mean age, yrs (sd) GMFCS III, 
hips

GMFCS IV, 
hips

GMFCS V, 
hips

Mean follow-up, mths (sd)

VDRO 21 28 10 7 10.5 (2.1) 5 4 12
 49.1 (19.9)VDRO + 39 46 20 20 9.5 (3.5) 3 11 25

GMFCS, Gross Motor Function Classification System; VDRO, varus derotation osteotomy femur; VDRO +, varus derotation osteotomy femur plus Dega osteotomy 
pelvis

Statistics

All statistical analyses were performed using SAS Version 
9.3 and 9.4 (SAS Inc., Cary, NC, USA). Categorial variables 
were summarised with frequencies and percentages, 
continuous variables were summarised by median and 
inter-quartile range or mean and sd.

To account for correlations between hips in bilateral 
cases and repeated observations of the same subject over 
time, generalised estimating equations (GEE) were used 
to assess the effects of clinical and patient factors on the 
outcomes of MP, CEA and AI being stable and/or within 
normal range, assuming a binominal distribution for the 
outcomes and an exchangeable correlation structure. 
GEE was also used to account for differences in patients’ 
GMFCS.

Fraction of a year and months is depicted in decimals.

Results
During the observation period (2005 to 2013) 60 chil-
dren/77 hips fulfilled MCPHCS grade IV and V hip insta-
bility prior to surgery.8 In addition, hip stability indices like 
MP, AI and CEA were collected. Three hips (three children) 
were removed later from the study: one hip had a severe 
anterior subluxation, which could not be classified cor-
rectly in an anteroposterior pelvic radiograph, one hip had 
been treated with VDRO and a modified Salter osteotomy. 
One patient did not meet the two-year observation period. 

In total, 74 hips in 57 children (27 female, 30 male) ful-
filled the inclusion criteria. In all, 14 children underwent 
bilateral hip reconstruction in the same session. Three 
children, who underwent unilateral hip reconstruction 
initially, subsequently had contralateral hip surgery later, 
due to either initial contralateral hip stability at the time 
of primary procedure or poor health precluding bilateral 
surgery under a single anaesthetic.

Seven children were GMFCS level III, 13 were GMFCS 
level IV and 37 were GMFCS level V. There was no statisti-
cally relevant outcome difference between GMFCS levels. 
Excluding patients with GMFCS level III did not influence 
outcome measures.

Children were divided into two groups: group 1 con-
sisted of children who had a VDRO only (28 hips) and 
group 2 represented children who had a VDRO combined 
with an ipsilateral Dega osteotomy (VDRO+), 46 hips. In 
the VDRO group, 12 children were GMFCS level V, four 

were GMFCS level IV and five were GMFCS level III. In the 
VDRO+ group 25 children were GMFCS level V, 11 were 
GMFCS level IV and three were GMFCS level III. Age at 
time of operation ranged from three to 16 years (9.8 years 
(sd 3.2)). Mean follow-up was 49.1 months (sd 19.9). 
Demographic data are presented in Table 1.

At final follow-up the VDRO group dropped to 19 hips, 
the VDRO+ group to 34 hips. The mean final follow-up 
period (after the minimum of 24 months) was 28 months 
(sd 18.5). Radiological results for MP, AI and CEA are 
shown in Table 2.

Considering homogeneity of the VDRO and VDRO+ 
groups, we only included GMFCS levels III to V. Hips in 
both groups were MCPHCS grade IV and V and had sim-
ilar mean MP (VDRO = 61.0% (sd 26.2) versus VDRO+ = 
64.8% (sd 18.5)) and mean AI (VDRO = 28.0° (sd 7.9°) 
versus VDRO+ = 30.5° (sd 6.2°)). Mean CEA was more 
pathological in the VDRO+ group (-16.3° (sd 22.6°)) 
compared with the VDRO group (-5.6° (sd 27.3°)) 
(Table 2).

There was no evidence that characteristics differed 
between the two groups of surgery: age (p = 0.10), sex (p 
= 0.23), GMFCS level (p = 0.13), MP (p = 0.56), CEA (p = 
0.13) and AI (p = 0.20).

There was no statistically relevant correlation between 
hips in the same patient (r = -0.046), nor for left versus 
right hips, nor for unilateral versus bilateral cases. There-
fore, outcomes of individual hips are depicted.

With MP being the main indicator for hip stability, at 
two years postoperatively, 13 hips (46%) were stable in 
the VDRO group, 36 (78%) were stable in the VDRO+ 
group. At final follow-up ten hips (53%) were stable in the 

Table 2 Mean radiological results: comparison between varus derotation 
osteotomy femur (VDRO) and VDRO plus Dega osteotomy pelvis (VDRO+) 
groups

Procedure Hips, n MP, % (sd) AI, ° (sd) CEA, ° (sd)

VDRO
Preoperative 28 61.0 (26.2) 28.0 (7.9) - 5.6 (27.3)
Postoperative 28 30.3 (14.2) 28.0 (7.6) 10.5 (13.6)
Two-yr follow-up 28 34.4 (17.3) 22.6 (7.5) 11.2 (22.6)
Final follow-up 19 35.7 (23.3) 21.6 (7.9) 10.1 (24.9)
VDRO +
Preoperative 46 64.8 (18.5) 30.5 (6.2) - 16.3 (22.6)
Postoperative 46 12.8 (13.2) 19.5 (6.7) 19.6 (7.7)
Two-yr follow-up 46 20.8 (14.4) 17.8 (6.4) 21.0 (10.1)
Final follow-up 34 19.3 (14.0) 16.9 (7.1) 23.4 (10.1)

MP, Reimers’ migration percentage; AI, Hilgenreiner’s Acetabular Index; CEA, 
Wiberg’s Centre Edge Angle; VDRO, varus derotation osteotomy femur, VDRO 
+, varus derotation osteotomy femur plus Dega osteotomy pelvis
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Fig. 1 Mean migration percentage values for varus derotation 
osteotomy femur (VDRO) and VDRO plus Dega osteotomy pelvis 
(VDRO+) groups preoperatively, immediately after surgery, two 
years postoperatively and at final review. In the VDRO+ group 
the mean MP remains below 30% (values > 30% are considered 
pathological as depicted by the grey dotted line).

Fig. 2 Mean Acetabular Index values for varus derotation 
osteotomy femur (VDRO) and VDRO plus Dega osteotomy pelvis 
(VDRO+) groups preoperatively, immediately after surgery, 
two years postoperatively and at final review. In both groups 
the postoperative values are not within normal limits for the 
age group, defined as < 15°, depicted by the grey dotted line, 
however, the VDRO+ group comes close to normal values 
towards the end of the observation period.

Fig. 3 Mean Centre Edge Angle values for varus derotation 
osteotomy femur (VDRO) and VDRO plus Dega osteotomy pelvis 
(VDRO+) groups preoperatively, immediately after surgery, two 
years postoperatively and at final review. In the VDRO group the 
postoperative values remain pathological, defined as < 20º for 
the age group, as depicted by the grey dotted line, whereas in 
the VDRO+ group values are not within the pathological range 
following surgery.

VDRO group and 30 hips (88%) were stable in the VDRO+ 
group.

For AI, at the two-year postoperative interval, four hips 
(14%) were normal in the VDRO group and 16 (35%) were 
normal in the VDRO+ group. At final follow-up two hips 
(11%) were normal in the VDRO group and 15 hips (44%) 
were normal in the VDRO+ group.

For CEA, at two years postoperatively, eight hips (29%) 
had normal values in the VDRO group and 23 hips (50%) 
were normal in the VDRO+ group. At final follow-up five 
hips (26%) were normal in the VDRO group and 19 hips 
(56%) were normal in the VDRO+ group.

Figures 1, 2 and 3 show group comparison graphs of 
the mean radiological results for MP, AI and CEA over time.

The odds ratio (OR), as determined by MP, of being 
stable at two years postoperative was four-times higher 
in the VDRO+ group versus VDRO alone (OR = 4.2; 95% 
confidence interval (CI) = 1.8 to 9.9; p = 0.001).

The odds of being stable at final follow-up were 3.5-
times higher in the VDRO+ group versus the VDRO group 
(OR = 3.9; 95% CI = 1.5 to 9.7; p = 0.004), (Fig. 4).

In general, differences between groups after surgery 
were maintained for MP and CEA without significant 
changes over time (MP: p = 0.4931; AI: p = 0.0091; CEA: 
p = 0.0569). For AI, changes between groups narrowed 
(p = 0.0091).

Discussion
To achieve the most meaningful results we examined sur-
gical outcomes in hips of children with CP with defined 
criteria of instability and the likelihood of further deterio-
ration without surgical intervention. 

The definition of hip instability has been difficult to 
determine. Reimers’ MP, most widely used for hip insta-
bility in CP, has often been utilised for lack of femoral 
head coverage, but not necessarily lateral migration, 
for which it was designed. Lack of acetabular coverage, 
which should be defined as acetabular dysplasia, would 
be better expressed via CEA. Although some authors, 
like Miller,18 do not regard the CEA a good measure for 
‘spastic hip disease’, it does support an overall aspect of 
hip stability and adds valuable information associated 
with acute changes of the CEA after pelvic osteotomies. 
Using the circle tool in the Siemens Syngo software helps 
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Fig. 4 Hip stability: with MP being the main indicator for hips 
stability, at two years postoperatively 13 hips (46%) were stable 
in the varus derotation osteotomy femur (VDRO) group, 36 hips 
(78%) were stable in the VDRO plus Dega osteotomy pelvis 
(VDRO+) group. At final follow-up ten hips (53%) were stable 
in the VDRO group whereas 34 hips (88%) were stable in the 
VDRO+ group.

define the otherwise difficult to determine femoral head 
centre, as described by Tönnis,14 one of Miller’s points of 
criticism.5 Associated with the CEA is AI, with well-doc-
umented development with growth throughout child-
hood into adulthood.13 AI has been labelled a powerful 
predictor for hip displacement in CP19 and has been used 
to describe the natural history of hip development in CP 
by Terjesen.20

An increase of the AI is typically associated with an 
increase of the MP, leading to acetabular changes, with 
the corner blunted and turned upwards, resulting in 
a type 2 sourcil in most children.21 Therefore, we justify 
the use of all three described indices to complement the 
appearance of a normal hip.

An MP of > 30% has been largely accepted as a definition 
of an unstable hip in children with CP and higher values 
delineate a high risk of disease progression,2,4,5,22 although 
Miller regards the threshold for reconstructive hip surgery 
at an MP > 40% in his most recent publication.23 To define 
hip instability as an indication for hip reconstructive sur-
gery we utilised grade IV and V of the MCPHCS.8

The MCPHCS, which includes Reimers’ MP, is a 
 categorial scale which was developed to enclose the 
full spectrum of hip morphology in children with CP. Its 
 relevance was initially limited to patients at or close to 
skeletal maturity. In their study, Gose et al24 validated the 
MCPHCS for children aged two to seven years. Therefore, 
the MCPHCS was the preferred choice for our study.

MP alone may not be an ideal predictor for hip insta-
bility. MP has been commonly used, including at our 
institution, for true lateral migration as well as acetabular 
dysplasia/a short acetabulum, and it is our observation 
that true lateral migration has a higher risk of hip displace-
ment progression than acetabular dysplasia alone.

The management goal of stable and pain free hips in chil-
dren with severe CP, predominantly GMFCS level IV and V, 
via hip reconstructive surgery, to allow comfortable position-
ing in the wheelchair and bed, has been widely accepted.25,26

Although soft-tissue surgery alone has been reported 
to achieve reasonable mid-term hip stability in a heter-
ogenous population,27 the overall impact of such sur-
gery alone is still not well understood, since the motor 
type alone, like spasticity, does not seem to predict hip 
displacement.17,25 On the contrary, 80% of 242 children 
GMFCS level IV and V, had subsequent hip reconstructive 
surgery after adductor release, reported by Shore et al.1

To date it still remains unclear whether a pelvic osteot-
omy is required in all non-ambulatory children with CP.28,29 
Oh et al29 were unable to recommend an additional pelvic 
procedure, perhaps due to the lower MP in the femoral 
osteotomy group.

Shore et al17 found no difference in the need for revi-
sion hip surgery if concomitant pelvic osteotomy was per-
formed at the time of a VDRO or not. Including all GMFCS 
levels, their strongest predictor for surgical success was 
the GMFCS level (the lower the better), age of the patient 
and the surgeon’s experience. 

Pelvic procedures in conjunction with a VDRO may not 
be considered by some surgeons for this group of children 
because of complex co-morbidities like epilepsy and respi-
ratory disease. Concomitant pelvic procedures also may 
increase overall blood loss, raise postoperative complica-
tions and prolong recovery.7

Huh et al6 did not propose a clear recommendation in 
regards to additional pelvic procedures. They included 
GMFCS level II, where the focus was less likely in hip 
reconstruction, but rather in rotational deformities. Start-
ing at a higher MP in the VDRO+ group preoperatively, 
their final postoperative MPs were similar in both groups 
(MP > 30%: VDRO group 33%, VDRO+ group 38%), thus 
inconclusive for recommendations.

Why can’t a satisfactory hip reduction be achieved by 
a VDRO only? A VDRO alone has a small impact on lateral 
femoral head displacement towards the acetabular rim and, 
therefore, achieves improvement of the ‘true’ lateral migra-
tion, as well as CEA, by directing mechanical forces within 
the acetabulum towards its medial wall. In most cases, 
however, we observe a combination of true lateral migra-
tion of the femoral head and a short acetabulum/acetabu-
lar dysplasia. Therefore, only the immediate intraoperative 
anatomical acetabular changes, achieved by a (Dega) pel-
vic osteotomy, thereby improving MP, AI and CEA in com-
bination, allow satisfactory coverage of the femoral head.

Other authors have supported a combined approach of 
VDRO femur and pelvic osteotomy: Song and Carroll,30 whilst 
reviewing a more heterogenous group of patients, including 
diplegia, hemiplegia and quadriplegia, found a higher rate of 
re-subluxation and re-dislocation in the VDRO group.
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Al-Ghadir et al7 found a lower revision surgery rate in 
the VDRO+ group, however the age in the VDRO group 
was much lower than in the combined group. 

Minaie et al,31 in their comprehensive retrospective 
review about failure rates of hip reconstructive surgery, 
concluded that concomitant acetabular osteotomies may 
protect from failure. Conclusions drawn from the study 
in regards to the low overall failure rate of 13.1% may be 
regarded with caution, considering the large age range 
(one to 18 years) at the time of surgery and the inclusion 
of GMFCS levels I and II, where the focus typically lies on 
correcting rotational deformities.

Some authors31,32 found a relationship between age 
and recurrent hip instability with higher failure risks at 
a younger age. Brunner and Baumann32 recommended 
hip reconstructive surgery after the age of four years and 
ideally a delay on surgery until the age of eight years to 
reduce the risk of valgus remodelling of the femur follow-
ing varising osteotomy. Noonan et al33, however, found 
better outcomes in younger children, relating the higher 
failure rate in older children to their higher hip displace-
ment characteristics and the greater remodelling potential 
in younger children.

Finally, it is interesting to see that AI (thus acetabular 
coverage), improved in our VDRO group over time from 
28º to 23º within two years after surgery (whilst not 
reaching a normal value). This may be explained by the 
maturation and ossification of the acetabular ring apoph-
ysis during adolescence.34,35

Conclusion
This study, which uses MCPHCS, grade IV and V, as a defi-
nition of an unstable hip in children with CP, provides 
evidence of more reliable outcomes if a femoral VDRO is 
combined with a pelvic osteotomy. This surgical combina-
tion may have a higher likelihood of achieving longer term 
hip stability, ideally reducing the risk of revision surgery 
in this fragile group of patients and is, therefore, recom-
mended for hip grades IV and V MCPHCS.
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