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Purpose: To review the existing literature on the effects of postural management on hip migration in children with cerebral
palsy.

Methods: A systematic literature search was performed using 5 databases. Quality of articles was assessed and study
designs were appraised according to the American Academy of Cerebral Palsy and Developmental Medicine Systematic
Review Method.

Results: Eight of 655 identified studies were included, reporting postural management in children with cerebral palsy. Seven
of 8 studies reported positive effects on hip migration after postural management interventions. However, level of evidence
and quality of the articles were low.

Conclusion: The evidence for postural management to prevent or reduce hip migration in children with cerebral palsy is
limited by the lack of high-quality studies. Strong recommendations for clinical practice are not possible. Future
high-quality research is crucial to improve our understanding of the effects of postural management to prevent hip migration
in children with cerebral palsy. (Pediatr Phys Ther 2018;30:82-91)

Key words: cerebral palsy, dislocation, hip migration, postural management, review

INTRODUCTION

Hip migration is a common problem in children with cere-
bral palsy (CP), which ultimately can lead to hip dislocation.}

due to a combination of variables. Lack of weight bearing in
combination with muscle imbalance and spasticity has often
been cited as the main contributor to hip migration.?**> The age

This can have a negative influence on range of motion,
motor abilities, and personal care and can be associated with
pain.?-3

Children with CP typically are born with normal anatomic
hip alignment. During growth, hip development may be affected
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when a child pulls to stand was found to be the most important
factor in hip migration.”> Children who were able to stand by
the age of 3 years showed better hip development than children
who achieved this by 7 years and 6 months or who never pulled
to stand. Another variable related to hip migration is imbalance
in muscle tone, with strong hip flexors and adductors opposing
weaker hip extensors and abductors.* This can lead to disrup-
tion of the femoral head contact with the acetabulum, causing
decreased range of motion, bone deformities such as coxa valga,
femoral anteversion, and acetabular dysplasia, and consequent
hip migration.

The risk of hip displacement is related to the level of gross
motor function.!>:% The severity of gross motor problems in
children with CP can be classified with the Gross Motor Func-
tion Classification System (GMFCS).” Children in levels T and I
can walk without support, children in level 11T are expected to
learn to walk with a mobility aid, whereas children in levels IV
and V cannot walk without support. According to a population-
based study, the incidence of hip displacement is 0% for chil-
dren with GMFCS level I and 45% and 72%, respectively, for
those with GMFCS levels TV and V.® The risk of hip displace-
ment is highest at 2 to 3 years of age.® The expected increase in
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the migration percentage (MP) in children in GMFCS level V is
7% to 10% per year.®-?

Hip migration and the risk for developing hip dislocation
can be measured by anterior-posterior pelvic radiographs. In
these radiographs, the measurement of the MP, as described
by Reimers® and Scrutton® is the most accurate and effective
index.!%! MP determines by how much the femoral head is
displaced laterally and is done by calculating the percentage of
the femoral head area that is not covered by the acetabulum,
as observed in an anterior-posterior pelvic radiograph ((AC/AB)
x 100) (Figure 1). Definitions of hip migration are shown in
Table 1.2

In the Swedish follow-up surveillance program for CP,
CPUP, Hagglund et al'? also used levels of MP as threshold for
hip screening and intervention. They recommended MP 33% or
more as a threshold for reaction or intensified observation. Hips
with MP 40% or more have a high risk for further displacement,
indicating the need for surgical intervention. In children with
MP 33% to 40%, treatment should be based on other clinical
signs and the progression of MP over time, which should be
evaluated with repeated examinations analyzed by the same
examiner.'®

However, the content of the recommendation in case of MP
33% to 40% is not clearly described by Hagglund et al.'® There
are also no clear recommendations for preventive intervention
in children with MP 33% or less. In clinical practice, many ques-
tions remain about the evidence for interventions in progressive
hip migration, especially for those children with MP 40% or less.

Conservative approaches to the management of hip migra-
tion have become popular over the last decade, particularly
the use of postural management programs.'! We define pos-
tural management as all nonsurgical approaches such as pos-
tural management equipment (eg, standing devices or lying
system), orthoses, or individual physical therapy sessions. Clin-
icians question whether postural management plays a role in
preventing or reducing hip migration. Increased care demands,
pain, and discomfort may be associated with postural manage-
ment, which may have adverse effects on the ability of the family
to enhance the activity and participation of the child.!? Until
now it is not clear whether the positive effects justify the efforts.

A MacKeith Multidisciplinary Meeting in 2006 formulated
a consensus statement concerning postural management.!> Pos-
tural management was defined as “a planned approach encom-
passing all activities and interventions which impact on an
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Fig. 1. Measurement of the migration percentage: migration percentage = AC/AB
x 100.
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TABLE 1

Migration Percentage Definitions®

Migration, % Definition and Progression

0-10 Normal

11-30 Mild subluxation; progression uncertain
31-60 Moderate subluxation; progression probable
61-90 Severe subluxation; progression certain
>90 Dislocated

aReproduced with permission from Connelly et al.?

individuals posture and function.” Postural management pro-
grams aim to increase children’s comfort and may reduce
deformity. Programs are individualized for each child and
may include special seating, night-time support, standing sup-
ports, active exercise, orthotics, surgical interventions, and indi-
vidual therapy sessions.”’>®**" The statement recommends
individually-tailored postural management programs based on
individual circumstances, guided by the GMFCS level. Chil-
dren in GMFCS level 111 require postural management programs
that emphasize postural activity from an early age. Interven-
tion to prevent deformity is provided as an integrated approach
between postural management equipment, activity, and surgery.
Children in GMFCS levels IV and V should start 24-hour pos-
tural management programs in lying as soon as appropriate
after birth, in sitting from 6 months, and in standing from
12 months.!?

The recommendations are based on few available studies
of low quality. Following the final conclusion of the consensus
statement, more evidence for the effectiveness of intervention
is necessary to reach a unified approach in managing hip
migration in children with CP. Ten years later, several studies
have been conducted on the effect of postural management
to manage hip migration in children with CP. A recent sys-
tematic review evaluated the quality of evidence for methods
to prevent hip dislocation in CP!* These included interven-
tions such as botulinum neurotoxin A, intrathecal baclofen and
obturator nerve block, bracing, complementary and alternative
medicine, selective dorsal rhizotomy, and postural management.
The authors concluded that the evidence was insufficient to sup-
port or refute the use of identified interventions to prevent hip
displacement in children with CP. Because of the more general
focus of this review, specific details concerning postural manage-
ment were not reported. Therefore, a more in-depth evaluation
of the evidence of postural management in CP is still needed.
This systematic review focuses specifically on the evidence of
postural management for reduction or prevention of hip migra-
tion in children with CP. We connect previous recommendations
in the literature and consensus statements with our findings,
leading to implications for clinical practice and future research.

METHODS

This systematic review was conducted according the prin-
ciples of American Academy of Cerebral Palsy and Develop-
mental Medicine (AACPDM) methods for developing system-
atic reviews of treatment interventions and Preferred Reporting
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Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.!>-16

A systematic literature search was performed June 2016 in 5
databases (PubMed, EMBASE, Cochrane, CINAHL, and PEDro).
No limits were placed on publication date or article type.
Screening of title and abstract of identified articles was done by
1 author (C.G.M.). The reference lists of articles that were not
excluded based on title and abstract were screened for potential
relevant articles. This has led to a selection of potentially relevant
articles based on title and abstract. These articles were screened
full-text and selected for inclusion by 3 pairs of reviewers.

Consensus on the final inclusion of the articles was reached
after a consensus meeting with all coauthors. Supplemental
Digital Content 1 (available at: http://links.lww.com/PPT/A210)
includes search terms by database.

Inclusion and Exclusion Criteria

Articles were included if (1) study participants were chil-
dren diagnosed with CP and (2) they were between 0 and18
years of age and (3) study focused on postural management to
reduce or prevent hip migration and (4) study measured MP as
an outcome. Articles were excluded if (1) they focused on sur-
gical or pharmacological interventions or (2) the full-text article
was not in English. Articles that reported on the effects of a com-
bination of surgical and conservative treatment were excluded
if (1) surgical intervention took place within 6 months prior to
study entry for postural management or (2) effects of surgical
and conservative interventions could not be distinguished in the
study results. Because of the focus on postural management in
terms of interventions in this review, botulinum neurotoxin A
was excluded.

Data Extraction and Quality Rating

Three pairs of reviewers (with 1 reviewer as the con-
stant in all pairs) completed quality rating and data extrac-
tion. They independently coded the level of evidence (LoE) and
extracted subject and descriptive data according to the criteria
from the AACPDM Systematic Review Methodology.'® Study
validity was appraised using 17 questions!’ based on a combi-
nation of Sackett et al,'® PEDro,'® AACPDM Systematic Review
Methodology,'® and Fetters and Tilson?® (Supplemental Digital
Content 2, available at http://links.lww.com/PPT/A211). We did
not use a cutoff point for quality because this assessment only
gives an impression of the methodological quality of included
articles.

Data extraction was completed by using a standard table
with predetermined categories (Table 2). Other outcome mea-
sures, in addition to MP, that were related to the aim of the review
were arranged according to the International Classification of
Function, Disability and Health for Children and Youth (ICF-
CY, Table 3).2! The results of this review were presented in order
of level of evidence.

RESULTS

A total of 655 articles were identified (Figure 2). After
removing duplicates, 521 articles were screened by title and
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abstract. A total of 495 articles were excluded and the remaining
26 articles were screened by full text. A further 18 articles were
excluded according to the inclusion and exclusion criteria. The
remaining 8 articles were included and reviewed.

Table 2 includes the characteristics of the 8 included
studies. None of the studies was rated as evidence level T or 11
studies. Of the 8 studies, 3 were level III studies (cohort with
concurrent controls), 4 were level IV studies (cohort without
concurrent controls), and 1 was a level V study (case report).
Table 3 includes an overview of results and outcomes of the
included studies.

Level Ill Studies?>2*

Quality of included level 11T studies varied between 9 and
12 of a total of 17 points (see Supplemental Digital Content 3,
available at: http:/links.lww.com/PPT/A212). Picciolini et a2t
reported a significant difference between treatment (si¢ge moulé
postural program and neurodevelopmental therapy [NDT]) and
control groups (NDT) after 2 years of intervention, with stability
of MP in the treatment group and marked worsening of MP in
controls. In the study of Macias-Merlo et al,> the MP of the
study group (daily standing in abduction) remained stable in
comparison to children who did not stand in abduction. The dif-
ferences between the groups were statistically significant.?* The
effect of standing as a preventive intervention and after bilateral
adductor-iliopsoas-tenotomy was reported by Martinsson and
Himmelmann.?? In this study we report the preventive groups:
standing in abduction (study group 2) versus standing without
abduction (control group 2). A significant reduction of MP was
found for those who used standing in abduction as prevention
for 1 hour a day or more when corrected for GMFCS levels.??

Level IV Studies'!-25-27

Quality of included level IV studies varied between 4 and
8 of the 17 points (see Supplemental Digital Content 3, avail-
able at: http:/links.lww.com/PPT/A212). Pountney et al'l-?’
reported postural management programs in lying, sitting, and
standing (Chailey Adjustable Postural Support). The 2009 study
reported that children who used a 24-hour postural manage-
ment approach had significantly less chance of both hips being
subluxated than those using equipment at minimal levels. There
were no significant differences in MP between the historical con-
trols and the intervention groups at 5 years of age.!! The study of
2002 reported that children using the 24-hour postural manage-
ment approach maintained significantly more hip integrity than
children who used the equipment less intensely.?” The effects
of daily static weight bearing in a standing shell on hip disloca-
tion were conveyed by Dalén et al.?> In this study, standing time
had a significant and negative association with hip migration
in children with spastic CP Hankinson and Morton?® reported
the effect of daily use of a lying hip abduction system on hip
migration. They reported a significant improvement of MP in
comparison to the baseline period, but only for 1 side.?°

Level V Study?®

The score for quality of this study was 4 out of the
17 points (see Supplemental Digital Content 3, available at:
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Articles identified Articles identified

Articles identified

Articles identified Articles identified

on PubMed on Embase on Cochrane on CINAHL on PEDro
N=344 N=128 N=84 N=66 N=33
[ Articles identified N=655 (01-06-2016) ]
[ Duplicate articles removed N= 134 ]

[ Articles screened by title/abstract N=521

]‘;

-

Articles excluded from title/abstract N= 495 ]

[ Articles screened by full text N= 26

.

Articles excluded to inclusion/exclusion

criteria N= 18

[ Articles reviewed N= 8

}7

’

Exclusion reason:

- Botox or other treatment N= 10
- Other outcome N=2

- No scientific article N=5

- No English full text N=1

Fig. 2. Flow diagram of search.

http:/links lww.com/PPT/A212). Picciolini et al*® described
postural management in sitting and standing in 2 cases of CP
The cases, unresponsive to pharmacological and surgical treat-
ment, were treated with postural management. There was a pro-
gressive reduction of MP of the treated hip, indicating a benefit
of the combined nonsurgical approach.?®

DISCUSSION

Based on GRADE, the body of evidence was graded as
low quality.?? Therefore, no strong conclusions can be drawn
regarding the effects of postural management on hip migration
in CP. Seven of the 8 studies reported positive results after pos-
tural management interventions. However, because of the low
quality of the studies, recommendations for clinical practice are
weak. We discuss the results in this light and provide sugges-
tions for future research.

Quality

Inclusion and exclusion criteria for the study population
were poorly described.??2*28 Criteria regarding GMFCS levels
were not described in 3 studies?®?® and criteria regarding age
were not described in 5 studies.??:2%:25:27:28 Previous studies
have shown that hip displacement is directly related to the level
of the GMFCS and often occurs at 2 to 3 years of age.}:2:6:3
It is not surprising that only children with GMFCS levels 111 to
V were included in the studies. Age at the start of intervention
varied between 5 months and 18 years in the included articles.
Only 2 of the 8 studies included children before 18 months of
age.'1:22 Tt is not possible to make a strong recommendation for
specific age groups.

The reason for inclusion was reported in only 2 studies.
Macias-Merlo et al reported that children with GMFCS level 111

22,23
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were included as “they were felt to most likely benefit from a
standing program to promote walking, with an increased inci-
dence of hip migration versus children at Level T or 11”22 Mar-
tinsson and Himmelmann?® reported that GMFCS levels III to
V were chosen as they are those with increased risk for hip
dislocation.?? Because of the limited and varying descriptions,
no conclusions can be made on suitable inclusion and exclusion
criteria for postural management.

The intervention and adherence to intervention was poorly
described.'!:23:2%:27.28 Most interventions were not described in
sufficient detail to ensure accurate replication in future research.
The information on positions, degrees of hip abduction, dura-
tion, and intensity differed in the studies. Hence, the content of
postural management is not clear based on the currently avail-
able evidence. The adherence to intervention is an important
issue in clinical trials, and no study in this review addressed
how adherence was ensured or evaluated.

None of the articles reported adverse events. Given the
radical changes in the child postures during the intervention,
adverse events such as pain or discomfort might have occurred.

We agree with Gough that “we need to consider the possi-
bility that the increased care demands imposed by a continuous
postural management programme on the family of the child
with CP may have adverse effects on the ability of the family
to enhance the activity and participation of the child.”'2®'7

All discussed aspects of quality make it impossible to gener-
alize the positive conclusions of these studies for use of postural
management in children with CP.

Content and Effects of Postural Management

The studies reported postural management interven-
tions in standing,??-2>2> sitting,”* lying,?® or combination of
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these postures.''?"-28 Two of 3 studies with standing pro-
grams reported statistically significant positive results on hip
migration.??-23 In the third study,?” standing time was associated
with statistically significant negative results on hip migration in
spastic CP. The authors suggested that spastic muscle forces,
acting on the femoral head in the acetabular cavity, might be
stronger, as the child is strapped and joints are prevented from
moving.?> Given these varying results, it is important to take
into account the variables that might affect hip migration during
standing and examine these variables in future research.
Picciolini et al reported postural management in a sitting
position, with positive results on hip migration.?* Although this
study reached the highest quality score (12/17 points), we sug-
gest caution because of possible bias in selection procedures,
relatively small sample groups, and lack of long-term outcomes.
Hankinson and Morton?® reported postural management
during the night in a lying position with significant improve-
ment of MP only on 1 side.?® The quality of the current evi-
dence regarding the effectiveness of sleep positioning systems
for children with CP is very low, and more robust research
is needed.?! Tt is known that many children with CP have
sleep problems.??:3* In addition, postural management in the
lying position might have a negative effect on sleep routines
and comfort of the child.>* Therefore, there are possible objec-
tions against sleep positioning systems to reduce or prevent hip
migration. The evidence for effects of 24-hour postural manage-

11,27 remains unclear because of limited

ment on hip migration
methodological quality.

Because of the lack of evidence and the fact that postural
management may have a large effect on daily activities of a child,
with unclear effects on motor development, behavior, or well-
being, further research is recommended.'!?> There is limited
evidence relating to the effect of a postural management pro-
gram on the context of the family, which is the childs main
environment.'? The challenge is to investigate these factors in
long-term research to define a subgroup of children with CP who
may benefit from postural management, taking into account the
possible adverse effects on all domains of the ICF-CY.

What We Have Learned After 2006 Consensus Statement

Since the potential role of postural management was noted
in the consensus statement in 2006,"3 several studies have
been conducted about the effects of postural management. With
the current knowledge, the recommendations of this statement
should be reassessed.

In accordance with the statement, we agree, based on the
current review, that individualized postural management pro-
grams may be helpful for children with CP GMFCS levels Il to V.
However, the optimal content of postural management remains
unclear due to poor quality of currently studies. The recommen-
dations concerning 24-hour postural management and age at
start of intervention should be considered with caution.

Paleg et al®® provided recommendations for dosing
pediatric-supported standing programs based on a system-
atic review. The authors recommended supported standing for
5 days a week, 60 minutes/day in 30° to 60° bilateral hip
abduction.>> However, the quality of the studies that were the
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basis for this recommendation was not thoroughly investigated.
These studies were partly included in the current review. Based
on the available evidence now, we cannot formulate recommen-
dations as strongly.

Despite the thorough evaluation of postural management
and the inclusion of an additional 2 studies, we conclude with
Miller et al'* that the level of evidence was poor and therefore
no firm conclusions can be provided.

Recommendations for Clinical Practice

From this review, there are indications that hip abduction in
a standing or sitting position may improve hip migration. Sup-
ported standing is consistent with the data that lack of weight
bearing in combination with spasticity is associated with hip
migration. This could be a reason for the absence of hip migra-
tion in GMECS level 1.1-*:5 Nevertheless, the current available
evidence is too limited to formulate strong recommendations for
clinical use of standing programs. Therefore, we note that pos-
tural management should be an individual approach, according
to the clinical and functional status of the child, including per-
sonal and environmental factors. Decision-making with parents
and considering the environment in using postural management
for the child with CP are essential.

Recommendations for Future Research

The lack of sufficient information concerning intervention
and baseline characteristics to replicate interventions is a con-
cern for clinical studies.>®:3” To be able to interpret results,
it is essential that baseline child characteristics, type and fre-
quency of intervention, adherence to intervention, standard-
ized outcome of interest (MP), and adverse events are systemat-
ically reported. Because of the individualized nature of postural
management, randomized controlled studies may not be the
most appropriate to evaluate the effects of postural management.
Single-subject research designs may be more appropriate, as
they offer control through systematic measurement and imple-
mentation, often under conditions that reflect the complexity
and practicality of everyday practice.®® We recommend the use
of CP registers and multicenter collaboration that contributes
to the standardized clinical and radiological follow-up of the
hips, which has shown to be an effective approach.*** In addi-
tion, CP registries contribute to longitudinal data collection
and may overcome sample size barriers. The use of the “Tem-
plate for Intervention Description and Replication” (TIDieR)
is recommended to improve the replicability of interventions.
The TIDieR checklist and guide should improve the reporting
of interventions and make it easier for authors to structure
accounts of their interventions, reviewers and editors to assess

the descriptions, and readers to use the information.*!

CONCLUSION

The evidence for postural management to prevent or reduce
hip migration in children with CP is limited by the lack of
high-quality studies. Considering the results, there is a posi-
tive trend in the use of hip abduction in postural management.
Strong recommendations for clinical practice are not possible
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based on the limited quality of the currently available studies.
Future high-quality research is crucial to improve our under-
standing of the effects of postural management to prevent hip
migration in children with CP. We recommend the use of CP
registers and multicenter collaboration, which will contribute

to standardized follow-up of the hips, longitudinal data collec-
tion and systematic report of baseline characteristics, type and
frequency of intervention, adherence to intervention, standard-
ized outcome of interest (MP), reporting of adverse events, and
child and parental experience.
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