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Background: Osseous reconstructive surgery for hip displacement in children with cerebral palsy (CP) consists of
proximal femoral reorientation by varus derotational osteotomy (VDRO) combined with pelvic osteotomy when indicated.
The rate of recurrent hip instability after the index surgery can be as high as 77%. We evaluated the association between
femoral diaphyseal medialization at the VDRO site and recurrent instability. We hypothesized that medialization may
modify the hip joint reaction force (HJRF), reducing the femoral remodeling that leads to recurrent coxa valga and
instability.

Methods: A retrospective evaluation of the clinical and radiographic records of 140 patients (280 hips) with CP, Gross
Motor Function Classification System (GMFCS) Level IV or V, who had been treated with bilateral VDRO as the index
surgery for hip displacement between 1998 and 2012 (mean follow-up, 11.3 years) was conducted. Radiographic
measurement of medialization was performed using the medialization index (MeI) preoperatively, at 6 weeks and
12 months postoperatively, and at skeletal maturity. Recurrent instability was defined as the need for revision surgery
before skeletal maturity or a final migration percentage (MP) of >40%.
The influence of the MeI was determined by Poisson regression with multiple variances. The inter- and intra-observer
reliability of the MeI, measured by 4 different observers, was assessed using the Cohen d test.

Results: Groups with and without relapse were comparable preoperatively regarding femoral and acetabular parameters.
The baselineMP was higher in the relapse group (p < 0.001). TheMeI at 6 weeks postoperatively was significantly lower in
the relapse group (p = 0.004, relative risk [RR] = 0.07, 95% confidence interval [CI] = 0.01 to 0.42) than in the no-relapse
group in multivariable analysis. The MeI showed good inter- and intra-observer reliability, with a Cohen d of <0.5.

Conclusions: Patients with greater medialization had lower rates of recurrent hip instability at long-term follow-up. The
MeI proved to be reliable as a radiographic measurement, and medialization did not increase mechanical instability.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

T
he prevalence of hip displacement in children with
cerebral palsy (CP) has a linear relationship with gross
motor function and can reach 90% in children at Gross

Motor Function Classification System (GMFCS) Level V1,2. Hip
displacement may be associated with pain, impaired sitting
ability, difficulties with perineal hygiene, and impairment of
health-related quality of life3-5. The traditional view of its path-
ogenesis relates to muscle imbalance, with the hip flexor and
adductor muscles overpowering their extensor and abductor
counterparts6. However, increased valgus and anteversion of the

proximal femur may also play an important role, as does sec-
ondary acetabular dysplasia7. The direction and magnitude of
the hip joint reaction force (HJRF) are impacted by hypertonia,
an adducted and flexed posture of the hip, and an increased
neck-shaft angle (NSA) and coxa valga8. Pelvic obliquity has also
been implicated as a factor in hip instability in children with CP.
A large population-based study of children with CP showed
more severe displacement on the high side of the pelvis9. Surgical
procedures may include adductor and psoas release (APR),
osseous reconstruction by varus derotational osteotomy (VDRO)
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of the proximal femur, and pelvic osteotomies (Fig. 1)5,10-17. More
recently, guided growth of the proximal femur has become more
widely used, with promising results, in the correction of coronal
plane deformity18.

The prevalence of recurrent hip displacement in children
with CP following surgical management is reported to be up to
77%14. Risk factors include a higher preoperative migration
percentage (MP), increased coxa valga, severe acetabular dys-
plasia, nonambulatory functional status, and younger age at the
index osseous reconstructive surgery19-23. Understanding bio-
mechanical factors related to recurrence may be important to
reduce the risk of relapse and revision surgery7.

The aim of soft tissue surgery (APR) is to correct the
flexed-adducted posture of the hip and reduce the HJRF by
weakening the hip flexors and adductors6,8. In contrast, VDRO
changes the lever arms of themuscle groups around the hip and
redirects the HJRF by correcting abnormal proximal femoral
geometry12,24. From a theoretical standpoint, APR and VDRO
may be synergistic with regard to their effects on the hip in
children with CP7.

Femoral VDRO corrects excessive valgus and anteversion,
but medial displacement at the osteotomy site has received less
attention in the literature. The latter decreases the distance from
the fulcrum to the point of application of the hip flexor and
adductor muscle-tendon units (MTUs) and hence the muscle
forces by reduction of the moment arms. The length of
the abductor-extensor MTU lever arms are correspondingly
increased (Fig. 2). According to both geometric and biome-
chanical principles, the flexor-adductor moments decrease while
the abductor-extensor moments increase, with increasing
medial displacement. In geometric terms, this could direct
the HJRF more medially and inferiorly. Given that bone
remodels orthogonally to the HJRF25,26, a more medial vector
would have less valgus remodeling, theoretically decreasing
relapse rates. The purpose of the present study was to evaluate
the impact of femoral medialization during VDRO surgery on
relapse rates of hip instability in nonambulatory children with
CP who had long-term follow-up.

Materials and Methods

This was a retrospective, single-center, long-term follow-
up study, conducted after approval by the institutional

ethics committee (QA/99386/RCHM-2023). Candidates for
inclusion were nonambulatory children with GMFCS Level-
IV or V CP, identified through the Statewide Cerebral Palsy
Register (SCPR), who had undergone osseous reconstructive
surgery between January 1998 and January 2012. Most chil-
dren had had prior APR surgery and had been followed ac-
cording to formal hip surveillance protocols5,7,9. The index
osseous surgery consisted of bilateral VDRO and primary or
revision APR surgery2,7 (see Appendix). The exclusion cri-
teria were other neuromuscular diagnoses; GMFCS Level I,
II, or III; previous osseous surgery or pelvic osteotomy; and
incomplete records.

All patients were managed in a hip surveillance clinic,
where a physiotherapist and a pediatric orthopaedic surgeon

Fig. 1

Figs. 1-A, 1-B, and 1-C Eight-year-old girl with quadriplegic CP (GMFCS IV)

who presented with pain, scissoring, and gait deterioration. Fig. 1-A

Bilateral hip displacementwith anMPof>50%, an increasedNSA, andmild

to moderate acetabular dysplasia. Fig. 1-B Three weeks after bilateral hip

adductor release and VDRO. The hips are now covered, and the NSA is

overcorrected. The medialization indexes (MeI) are highlighted. Fig. 1-C At

the 5-year postoperative follow-up, the patient was pain-free and had no

fixed deformities. The lateral acetabular epiphyses had ossified, and she

had femoral head overcoverage. Mild growth disturbance and a “sagging

rope sign” were noted on the left hip.
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provide written information and illustrations to patients and
their families.

Sample size was determined by initially identifying the
margin of error of the sample in the SCPR from 1995 to 2014,
during which 9,013 newborns were diagnosed with CP (1.2 per
1,000 live births). There were 220 new CP diagnoses per year,
and 16.1% to 18% were classified as GMFCS IVor V. A margin
of error of 10.94% was calculated, and with a confidence level
of 95% in 907 nonambulatory patients with an average 80%
prevalence of hip displacement, the sample size was determined
to be 44.

Demographic data collected from the medical records
included the age at osseous reconstructive surgery, sex, implant
design, and GMFCS level5. The motor pattern, clinical comor-
bidities, follow-up duration, postoperative complications, and
secondary surgical procedures were also considered.

Of the multiple radiographs available for each patient,
those made at 4 time intervals— preoperatively, 6 weeks and

1 year postoperatively, and at skeletal maturity—were selected
for detailed analysis. Radiographic measurements at each time
point included the MP, NSA11, head-shaft angle (HSA), ace-
tabular index (AI), and medialization index (MeI) as described
by Davids et al.12,27.

Among the patients included in our cohort, 27% were
previously enrolled in a prospective trial of 6 monthly injections
of botulinum toxin A to adductors and medial hamstrings, but
no benefits were noted. Three patients were managed with
intrathecal baclofen for global tone management.

Complications were classified using theModified Clavien-
Dindo (MCD) System, which has good reliability in this popu-
lation28,29. Osteonecrosis was classified with the system proposed
by Kruczynski and validated by Koch et al.30,31. Recurrent hip
instability (relapse group) was determined when the MP was
‡40% in one or both hips and was managed by revision surgery.
The no-relapse group was defined as an MP of <40% and
no additional surgery apart from revision APR or removal of
implants.

The postoperative protocol included epidural analgesia
for 4 to 5 days. Children were cared for in bed without any type
of immobilization. After hospital discharge, the children’s care
was supervised by a community physiotherapist (PT), who was
given information about the surgery and advice regarding
mobilization. Children were encouraged to return to preop-
erative activities, including the use of walkers and standing
frames, 7 to 10 days after surgery.

The inter- and intra-observer reliability of the MeI was
assessed on 36 randomly chosen radiographs on which 4
clinicians measured the MeI: 2 pediatric orthopaedic sur-
geons, 1 pediatric orthopaedic fellow in training, and 1 mus-
culoskeletal radiologist. The MeI was measured in all 72 hips
on 2 different occasions, separated by 2 weeks. The differences
between pairs of measurements by the same observer and
between measurements made by different observers were cal-
culated. The Cohen d test was used to determine a small (d value,

Fig. 2

Schematic representation of the hip joint reaction force (HJRF, red arrows) in a neuromuscular hip dislocation (left), after VDRO without medialization

(center), and after VDRO with medialization (right). The green arrows indicate the hip abductors and the blue lines, the hip adductors. The HJRF is directed

laterally and superiorly before the reduction and VDRO and is directed more medially and inferiorly after the VDRO. This may explain the improvements in

acetabular growth and the progressive decrease (improvement) in the AI noted in our study.

TABLE I Demographic Characteristics According to Relapse or
No Relapse of Hip Instability*

Relapse
Group

No-Relapse
Group P Value

Mean age ± SD
at VDRO (yr)

7.5 ± 3.3 8.3 ± 2.4 0.6

Sex (F:M) (no.) 12:18 41:69 0.3

GMFCS (IV:V) (no.) 9:21 45:65 0.4

Mean follow-up ±

SD (mo)
135.8 ± 32.2 139.6 ± 24 0.5

*SD = standard deviation, VDRO = varus derotational osteotomy,
GMFCS = Gross Motor Function Classification System. The groups
were compared using the Student t test for continuous values and
the chi-square test for categorical values.
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‡0.2 and <0.5), medium (d value, ‡0.5 and <0.8), or large dif-
ference (d value, ‡0.8). Finally, the probability of hip stability
after VDRO, as assessed at skeletal maturity, was plotted as a
survivorship curve according to the MeI value.

All radiographic measurements were done using anony-
mized digital images (in a PACS [picture archiving and com-
munication system]) with the aid of a validated radiographic
measurement tool, Bone Ninja (International Center for Limb
Lengthening). Descriptive analyses of quantitative data are pre-
sented as means and standard deviations (SDs), medians, and

minimum and maximum values. Qualitative data are expressed
as absolute and percentage frequencies. Quantitative data were
compared using the Student t test, while comparisons of quali-
tative data were done with the chi-square or Fisher exact test.
Relative risk assessment utilized Poisson logistic regression with
multiple variances. All data were compiled using Microsoft
Excel. SAS software (version 9.2; SAS Institute) was used for
statistical analysis, and R software (version 3.4.1; R Foundation
for Statistical Computing) was used for graphics. The signifi-
cance level was 5% for all comparisons (a = 0.05).

Fig. 3

Baseline radiographic parameters shown as box and whisker plots, with the white boxes representing the no-relapse group and the red boxes representing

the relapse group.Only the baseline MP differed significantly (indicated by the asterisk) between the groups (p = 0.0001, Student t test). The interquartile

range is shownasabox, themedian is shownasa linewithinn the box, and the range is shownaswhiskers.NSA=neck-shaft angle,HSA=head-shaft angle,

MP = migration percentage, and AI = acetabular index.

TABLE II Evolution of Femoral and Acetabular Radiographic Parameters from Before Surgery to Skeletal Maturity*

NSA† HSA† AI‡

Preoperative 6 Weeks
Skeletal
Maturity Preoperative 6 Weeks

Skeletal
Maturity Preoperative

Skeletal
Maturity

Relapse group 157.9 ± 9.1 116.2 ± 11.2 130.8 ± 14.9 78.0 ± 9.4 39.3 ± 12.4 57.4 ± 16.0 22.3 ± 6.8 13.6 ± 5.7

No-relapse
group

160.8 ± 10.0 112.1 ± 12.3 128.0 ± 15.4 81.4 ± 10.3 35.9 ± 13.1 53.3 ± 16.0 26.0 ± 7.1 20.1 ± 7.9

*NSA = neck-shaft angle, HSA = head-shaft angle, AI = acetabular index. The values are given as themean and standard deviation in degrees. †P <
0.05 (Student t test) for preoperative versus 6 weeks and preoperative versus skeletal maturity for both groups. ‡P < 0.01 (Student t test) for
difference in skeletal maturity measurements between groups. P < 0.01 (Student t test) for preoperative versus skeletal maturity for both groups.
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Results

Of 164 patients identified as having GMFCS Level-IV or V
CP who underwent VDRO, 24 were excluded from the

analysis: 16 had incomplete records; the diagnosis was revised
to “neuromuscular disease/not CP” for 2; 2 were reclassified as
being at GMFCS Level III, and 4 had pelvic osteotomy with the
index surgery. After application of these exclusion criteria,
the study cohort comprised 140 patients, which reduced the
margin of error to 5.5% with a 95% confidence level.

There were 87 boys (61%), and the mean age at the first
operation was 8.2 years (range, 3.8 to 13.3 years). The mean age
in the relapse group did not differ significantly from that in the
no-relapse group (7.5 versus 8.3 years; p > 0.05). Relapse
occurred in 41 hips (14.6%) in 30 patients. In 30 hips, the
relapse was defined by early revision surgery and in 11 hips
(3.9%), by an MP of >40% at skeletal maturity. Demographic
and functional characteristics are summarized in Table I. No
association was found between relapse and GMFCS level (p =
0.4). Ninety percent of the VDRO sites were stabilized with a
90� fixed-angle blade plate (Synthes); 8.6%, with an Interme-
diate Hip Screw (Richards Medical); and 1.4%, with a locked
cannulated blade plate (OrthoPediatrics). The mean follow-up
was 136 months (11.3 years), with no significant difference

between the relapse and no-relapse groups (135.8 versus
139.6 months; p = 0.5). Four children died before reaching
skeletal maturity—i.e., they had open triradiate cartilage at
the last follow-up. Another 2 had reached skeletal maturity
on the basis of chronological age but had open triradiate
cartilage because of delayed puberty.

No significant differences were found between the relapse
and no-relapse groups regarding CP pattern, implant type, or
the presence or types of medical comorbidities.

With regard to the femoral and acetabular radiographic
parameters, the groups were similar regarding the preoper-
ative AI (p = 0.1), NSA (p = 0.5), and HSA (p = 0.4) (Fig. 3,
Table II). The femoral parameters improved at 6 weeks (p <
0.05); the angles were closer to the preoperative values at
skeletal maturity but remained improved compared with the
preoperative values (p < 0.01; Table II). Poisson logistic
regression showed all preoperative radiographic parameters
to be risk factors for recurrent instability individually, but
they were not found to be significant risk factors in the
multiple regression model (p = 0.4, 0.6, and 0.4 for AI, NSA,
and HSA, respectively).

The mean preoperative MP was 41.6% (range, 0% to
100%) with a significant difference between the relapse group

Fig. 4

Evolution ofmigration percentage (MP) during follow-up shown as box andwhisker plots, with the white boxes representing the no-relapse group and the red

boxes representing the relapse group. The interquartile range is shown as a box, the median is shown as a line within the box, and the range is shown as

whiskers. PREOP = preoperative, IPO = immediate postoperative (6 weeks), LPO = late postoperative (12months), andMAT = skeletal maturity. *P < 0.01

(Student t test) for preoperative versus 6 weeks for both groups. ŦP < 0.01 (Student t test) for preoperative versus skeletal maturity for both groups.
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(52.3%) and no-relapse group (37.9%) (p = 0.001, Fig. 3). At
6 weeks, the 2 groups had a similar MP, which increased until
skeletal maturity (Fig. 4). The speed of deterioration in the MP
in the relapse group was significantly faster (0.2%/month) than
in the no-relapse group (0.06%/month) (p = 0.001, Student t
test). The MP at skeletal maturity was still lower than preop-
eratively in both groups (p < 0.001) (Fig. 4). Logistic regression
identified that the baseline MP was not a risk factor for relapse
(p = 0.1).

The AI decreased in both groups (Table II). At skeletal
maturity, the AI differed significantly between the groups (p <
0.01). The remodeling rate (i.e., reduction [improvement] in
the AI) was 0.06�/month in the no-relapse group compared
with 0.04�/month in the relapse group (p = 0.1).

With regard to diaphyseal medialization (theMeI), the 6-
week measurement was deemed to be the most important for
our analysis as it quantified the medialization acquired from
the VDRO surgery. It differed significantly between the relapse
and no-relapse groups at 6 weeks in both the simple logistic
regression (p = 0.0003; relative risk [RR] = 0.04, 95% confi-
dence interval [CI] = 0.008 to 0.24) and the multiple regression
model (p = 0.004; RR = 0.07, CI = 0.01 to 0.42). The average
MeI was 1.38 (range, 0.94 to 2.44) in the no-relapse group
compared with 1.26 (range, 0.96 to 1.82) in the relapse group.
Moreover, assessment of the evolution of the MeI during
growth revealed that remodeling toward preoperative values
was 5 times faster in the relapse group than in the no-relapse
group (p < 0.05). Our survivorship analysis showing the

Fig. 5

Survivorship curve relating postoperativeMeI andprobability of hip instability recurrence at skeletalmaturity. The black dashed line depicts themeanMeI of

the no-relapse group (1.38) and the red dashed line, the mean MeI of the relapse group (1.26). *P = 0.004 (Poisson regression model with multiple

variances).

TABLE III Postoperative Complications*

MCD I MCD II MCD III MCD IV

Type of complication
(no. of patients)

HO (3), constipation (2),
UTI (2), malunion (2)

Delayed union (1),
osteonecrosis Grades I
& II (30)

UTI (1), fracture (3),
osteonecrosis Grades III &
IV (7), early recurrent
instability (4)

Osteonecrosis Grade V (4)

Total 9 31 15 4

*MCD =Modified Clavien-Dindo System27,28, HO = heterotopic ossification, UTI = urinary tract infection. The osteonecrosis grades are according to
the Kruczynski classification30. There were no MCD V complications (i.e., no postoperative deaths).
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inverse proportionality relationship between the MeI and
relapse is shown in Figure 5.

Complications were recorded for 59 children (42.1%);
6.4% of the children had an MCD Grade-I complication,
22.1% Grade II, 10.7% Grade III, and 2.9% Grade IV. There
were 4 cases of early instability (<12 months postsurgery). Late
recurrent instability was recorded in 15 patients (10.7%). These
were not considered MCD Grade-III complications as they did
not occur in the early postoperative period27,32. Osteonecrosis
was the most common complication; however, 73.2% were
types 1 and 2 according to the Kruczynski classification28.
Complications are summarized in Table III. There were no
perioperative deaths, but 21 patients (15%) died before the age
of 30 years, mainly from respiratory disease.

Fifty-six patients (40%) had surgery for neuromuscular
scoliosis, which was associated with recurrence of hip insta-
bility (p = 0.006, chi-square test). Fifteen patients (11%) had
revision osseous surgery for recurrent instability.

The inter- and intraobserver reliability of the MeI was
high according to the Cohen d test (Tables IV and V).

Discussion

The prevalence of hip displacement is very high in non-
ambulatory children with CP, and management is fraught

with clinical and ethical dilemmas10. Osseous reconstructive
surgery is the accepted option for moderate to severe hip dis-
placement in children with CP despite the high rate of medical
and surgical adverse events, including high relapse and revision
surgery rates22,33. Hip surveillance has been shown to reduce the
rates of dislocation and the need for salvage surgery7,8. How-
ever, it may result in earlier diagnosis and earlier reconstructive
surgery9. Surgery at a younger age is a recognized risk factor for
relapse and revision surgery34.

This study provides new insights into the complex
remodeling process of the hip after bilateral VDRO in chil-
dren with CP. There was an acute improvement in the NSA,
HSA, and MP after surgery followed by a loss of correction of
these 3 parameters until skeletal maturity31 (Figs. 4 and Table II).
This led to recurrent hip instability and revision surgery in
11% of the children. The abnormal biomechanical environ-
ment24 persists in the hip after osseous reconstructive surgery

in a child with CP and may adversely impact long-term out-
comes9,20,22,30,31. Surgeons should be aware of these findings and
may choose mitigation strategies such as ensuring adequate APR
surgery8,19, delaying osseous reconstructive surgery until an older
age23,24, ensuring overcorrection of the NSA (more varus) and
medialization at the VDRO site, adding pelvic osteotomy in
selected hips, and using guided growth to protect against
relapse8,9,33-35.

Delaying osseous reconstructive surgery until an older
age is a balancing act as delay will allow an increase in the MP
and may lead to femoral head deformity and loss of articular
cartilage9,33. In addition, the acetabular remodeling recorded in
this study does not commence until the hip is realigned and the
HJRF is optimized.

The preoperative MP differed significantly between
the relapse group and no-relapse group, and the effect of the
baseline MP on long-term stability has been identified in
multiple studies35,36.

The AI improved for the whole cohort after osseous
reconstructive surgery without pelvic osteotomy, adding com-
plexity to the indications for pelvic osteotomy in osseous
reconstructive surgery of the hip. Had we used pelvic osteotomy
routinely, itmight not have been necessary in the 89%of the hips
that showed no relapse and did not require revision surgery.

Despite prior APR surgery, revision APR was required at
the time of the VDRO in most hips. Our APR surgical protocol
involves use of an abduction hip brace for 6 months; we have
not studied compliance25.

In our study, medialization was measured radiographi-
cally using a reliable technique and the MeI at 6 weeks post-
operatively, and the amount of medialization acquired during
the index operation was found to be the only factor that re-
mained significant in a multivariable analysis for the prediction
of recurrent hip instability. Moreover, the amount of mediali-
zation was related to both the choice of implant (among plates

TABLE IV Intraobserver Reliability of Measurements of MeI*

Difference Between Pairs of Measurements

Mean SD SEM

95% CI

Cohen DLower Upper

Observer 1 0.008 0.08 0.01 20.01 0.03 0.11

Observer 2 20.01 0.05 0.006 20.025 0.0004 20.22

Observer 3 20.04 0.13 0.016 20.07 20.007 20.28

*MeI = medialization index, SD = standard deviation, SEM = standard
error of mean, CI = confidence interval.

TABLE V Interobserver Reliability of the Standard Set of
Measurements of MeI*

Difference Betwen Pairs of Measurements

Mean SD SEM

95% CI

Cohen DLower Upper

Observer
2 vs. 1

2
0.02

0.07 0.01 2
0.04

0.002 20.25

Observer
2 vs. 4

2
0.03

0.08 0.01 2
0.05

2
0.005

20.34

Observer
3 vs. 1

2
0.02

0.13 0.015 2
0.05

0.01 20.15

Observer
3 vs. 2

2
0.06

0.17 0.02 2
0.09

20.02 20.34

Observer
4 vs. 1

2
0.01

0.15 0.17 2
0.05

0.018 20.11

*MeI = medialization index, SD = standard deviation, SEM = standard
error of mean, CI = confidence interval.
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with different offsets) and the surgical technique (whether the
trapdoor modification described by Howard and Graham was
used)32. We should emphasize that we did not specifically
design a cohort to evaluate medialization at the VDRO site.
Rather, it was variability in routine surgical practice and choice
of implant that provided an incidental opportunity to study the
effects of medialization.

Our study had limitations, including the selection bias
inherent to a retrospective cohort analysis. Also, evolution of
the surgical technique during the study period may have lim-
ited the generalizability of the study. However, the fact that the
3 surgeons operated on most of the patients together could
limit that problem. The duration of follow-up and the robust
statistical analysis were positive factors in the study.

This study is the first to identify medialization as a var-
iable of interest to reduce recurrence of hip instability after
bilateral VDRO in children with CP, and this topic is worthy
of further study. New implants with greater offset as well as
technical modifications of the surgery might be useful to
improve the outcomes of VDRO in children with CP. More-
over, objective determination of a medialization threshold
may allow for personalization of the VDRO techniques based
on individual hip morphology.
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Supporting material provided by the authors is posted
with the online version of this article as a data supplement
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2. Hägglund G, Lauge-Pedersen H, Wagner P. Characteristics of children with hip
displacement in cerebral palsy. BMC Musculoskelet Disord. 2007 Oct 26;8:101.
3. Wawrzuta J, Willoughby KL, Molesworth C, Ang SG, Shore BJ, Thomason P,
Graham HK. Hip health at skeletal maturity: a population-based study of young
adults with cerebral palsy. Dev Med Child Neurol. 2016 Dec;58(12):1273-80.
4. Ramstad K, Jahnsen RB, Terjesen T. Severe hip displacement reduces health-
related quality of life in children with cerebral palsy. Acta Orthop. 2017 Apr;88(2):
205-10.
5. Graham HK, Rosenbaum P, Paneth N, Dan B, Lin JP, Damiano DL, Becher JG,
Gaebler-Spira D, Colver A, Reddihough DS, Crompton KE, Lieber RL. Cerebral palsy.
Nat Rev Dis Primers. 2016 Jan 7;2:15082.
6. Miller F, Slomczykowski M, Cope R, Lipton GE. Computer modeling of the path-
omechanics of spastic hip dislocation in children. J Pediatr Orthop. 1999 Jul-Aug;
19(4):486-92.
7. Shore BJ, Graham HK. Management of Moderate to Severe Hip Displacement in
Nonambulatory Children with Cerebral Palsy. JBJS Rev. 2017 Dec;5(12):e4.
8. Presedo A, Rutz E, Howard JJ, Shrader MW, Miller F. The Etiology of Neuromus-
cular Hip Dysplasia and Implications for Management: A Narrative Review. Children
(Basel). 2024 Jul 11;11(7):844.
9. Heidt C, Hollander K, Wawrzuta J, Molesworth C, Willoughby K, Thomason P,
Khot A, Graham HK. The radiological assessment of pelvic obliquity in cerebral
palsy and the impact on hip development. Bone Joint J. 2015 Oct;97-B(10):
1435-40.
10. Howard JJ, Willoughby K, Thomason P, Shore BJ, Graham K, Rutz E. Hip Sur-
veillance and Management of Hip Displacement in Children with Cerebral Palsy:
Clinical and Ethical Dilemmas. J Clin Med. 2023 Feb 19;12(4):1651.
11. Eilert RE, MacEwen GD. Varus derotational osteotomy of the femur in cerebral
palsy. Clin Orthop Relat Res. 1977 Jun;(125):168-72.

12. Robin J, Graham HK, Selber P, Dobson F, Smith K, Baker R. Proximal femoral
geometry in cerebral palsy: a population-based cross-sectional study. J Bone Joint
Surg Br. 2008 Oct;90(10):1372-9.
13. Davids JR. Management of Neuromuscular Hip Dysplasia in Children With
Cerebral Palsy: Lessons and Challenges. J Pediatr Orthop. 2018 Jul;38(6)(Suppl 1):
S21-7.
14. El-Sobky TA, Fayyad TA, Kotb AM, Kaldas B. Bony reconstruction of hip in
cerebral palsy children Gross Motor Function Classification System levels III to V: a
systematic review. J Pediatr Orthop B. 2018 May;27(3):221-30.
15. Hoffer MM, Stein GA, Koffman M, Prietto M. Femoral varus-derotation osteot-
omy in spastic cerebral palsy. J Bone Joint Surg Am. 1985 Oct;67(8):1229-35.
16. Hosseinzadeh P, Baldwin K, Minaie A, Miller F. Management of hip disorders in
patients with cerebral palsy. JBJS Rev. 2020 Mar;8(3):e0148.
17. Kalen V, Bleck EE. Prevention of spastic paralytic dislocation of the hip. Dev
Med Child Neurol. 1985 Feb;27(1):17-24.
18. Lebe M, van Stralen RA, Buddhdev P. Guided Growth of the Proximal Femur for
the Management of the ‘Hip at Risk’ in Children with Cerebral Palsy-A Systematic
Review. Children (Basel). 2022 Apr 25;9(5):609.
19. Miller F. Etiology of Hip Displacement in Children with Cerebral Palsy. Cerebral
Palsy. 2017:1-11.
20. Parent H, Zeller R, Mascard E, Miladi L, Seringe R. Modified Femoral Varization
Osteotomy for the Unstable Hip in Cerebral Palsy. pdf. J Pediatr Orthop B. 1994;3(1):
18-21.
21. Presedo BYANA, Dabney KW, Miller F. Soft-Tissue Releases To Treat Spastic
Hip Subluxation. J Bone Joint Surg Am. 2005 Apr;87(4):832-41.
22. Shore BJ, Zurakowski D, Dufreny C, Powell D, Matheney TH, Snyder BD. Proxi-
mal Femoral Varus Derotation Osteotomy in Children with Cerebral Palsy: The Effect
of Age, Gross Motor Function Classification System Level, and Surgeon Volume on
Surgical Success. J Bone Joint Surg Am. 2015 Dec 16;97(24):2024-31.
23. Agarwal KN, Chen C, Scher DM, Dodwell ER. Migration percentage and odds of
recurrence/subsequent surgery after treatment for hip subluxation in pediatric

1217

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 107-A d NUMBER 11 d JUNE 4, 2025
MEDIAL IZAT ION AT SITE OF VARUS DEROTAT IONAL OSTEOTOMY OF

PROXIMAL FEMUR IN CEREBRAL PALSY

http://jbjs.org
http://links.lww.com/JBJS/I560
mailto:fredericovallim@gmail.com


cerebral palsy: a meta-analysis and systematic review. J Child Orthop. 2019 Dec 1;
13(6):582-92.
24. Heimkes B, Wegener V, Birkenmaier C, Ziegler CM. Physiologic and
Pathologic Development of the Infantile and Adolescent Hip Joint: Descriptive
and Functional Aspects. Semin Musculoskelet Radiol. 2019 Oct;23(5):
477-88.
25. Bagg MR, Farber J, Miller F. Long-term follow-up of hip subluxation in cerebral
palsy patients. J Pediatr Orthop. 1993 Jan-Feb;13(1):32-6.
26. Oh CW, Presedo A, Dabney KW, Miller F. Factors affecting femoral varus oste-
otomy in cerebral palsy: a long-term result over 10 years. J Pediatr Orthop B. 2007
Jan;16(1):23-30.
27. Davids JR, Gibson TW, Pugh LI, Hardin JW. Proximal femoral geometry before
and after varus rotational osteotomy in children with cerebral palsy and neuromus-
cular hip dysplasia. J Pediatr Orthop. 2013 Mar;33(2):182-9.
28. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a
new proposal with evaluation in a cohort of 6336 patients and results of a survey.
Ann Surg. 2004 Aug;240(2):205-13.
29. Sink EL, Leunig M, Zaltz I, Gilbert JC, Clohisy J; Academic Network for Con-
servational Hip Outcomes Research Group. Reliability of a complication classifi-
cation system for orthopaedic surgery. Clin Orthop Relat Res. 2012 Aug;470(8):
2220-6.

30. Kruczynski J. Avascular necrosis after nonoperative treatment of developmental
hip dislocation. Prognosis in 36 patients followed 17-26 years. Acta Orthop Scand.
1995 Jun;66(3):239-44.
31. Koch A, Jozwiak M, Idzior M, Molinska-Glura M, Szulc A. Avascular necrosis as a
complication of the treatment of dislocation of the hip in children with cerebral palsy.
Bone Joint J. 2015 Feb;97-B(2):270-6.
32. Howard JJ. Graham HK. The hip in cerebral palsy. In: Alshryda S, Howard JJ,
Huntley JS, Schoenecker JG, editors. The Pediatric and Adolescent Hip. 1st ed.
Springer International Publishing; 2019. p 467-531.
33. Minaie A, Gordon JE, Schoenecker P, Hosseinzadeh P. Failure of Hip Recon-
struction in Children With Cerebral Palsy: What Are the Risk Factors? J Pediatr Or-
thop. 2022 Jan 1;42(1):e78-82.
34. Shore BJ, Powell D, Miller PE, Matheney TH, Snyder BD. Acetabular and femoral
remodeling after varus derotational osteotomy in cerebral palsy: the effect of age and
Gross Motor Function Classification Level. J Pediatr Orthop B. 2016 Jul;25(4):322-30.
35. van Stralen RA, Kempink DRJ, Titulaer AF, Eygendaal D, ReijmanM, Tolk JJ. Timely
Surgical Intervention Leads to Better Sustained Coverage after Reconstructive Hip
Surgery in Patients with Cerebral Palsy. Children (Basel). 2024 Feb 21;11(3):272.
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