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AIM To study the long-term impact of 3 years of botulinum toxin A (BoNT-A) injections and
abduction bracing on hip development in children with bilateral spastic cerebral palsy (CP). We
wanted to know if early treatment improved hip development and reduced the need for surgery.

METHOD A long-term review of hip morphology and surgery requirements in children who

ABBREVIATIONS
MCPHCS Melbourne Cerebral Palsy Hip
Classification System

RCT Randomized controlled trial
SWASH  Sitting, Walking And Standing Hip
orthosis

participated in a multicentre, randomized controlled trial. The trial investigated short-term effects
of BoNT-A injections combined with an abduction brace, compared with usual care, on hip
displacement in children with bilateral spastic CP.

RESULTS Forty-six children with bilateral spastic CP (31 males, 15 females; 10 with diplegia, 36 with
quadriplegia; mean age at enrolment of 3y 2mo, mean age at most recent clinical review 13y 11mo

[range 10y 6mo-16y 8mo]; three children in Gross Motor Function Classification System level Il,

11inlevel lll, 20 in level 1V, 12 in level V) were followed for a mean of 10 years 10 months from

recruitment to the trial. Mean migration percentage was 15.9% in the BoNT-A group and 15.2% in
the comparison group (t=0.26, p=0.79). Eighty-nine percent of hips in the treatment group and 91%
hips in the comparison group had satisfactory development, using a valid scale (Mann-Whitney U
test=867.50, z=—1.59, p=0.11). Forty children had preventive surgery (21 treatment group, 19 com-
parison group) and 18 children had reconstructive surgery (10 treatment, 8 comparison).
INTERPRETATION In children with bilateral spastic CP, early treatment with BoNT-A and hip abduc-
tion bracing does not reduce the need for surgery or improve hip development at skeletal maturity.

Cerebral palsy (CP) is the most common cause of childhood
disability in Australia.' Secondary musculoskeletal pathology
is common and 35% of children with CP in Australia will
develop hip displacement.”* Hip displacement may be painful
and lead to difficulties with walking, transfers, sitting, bathing,
and dressing.*® Without early detection and treatment, silent
hip displacement can progress to painful dislocation.”’
Population-based studies have demonstrated that the inci-
dence of hip displacement is directly related to walking ability,
as described by the Gross Motor Function Classification Sys-
tem (GMFCS).>”~ This information has led to the develop-
ment of Australian Hip Surveillance Guidelines for children
with CP.'®!"" Hip surveillance programmes are effective in
preventing hip dislocation and reducing the need for salvage
su1rg.§ery.12’14

Efforts have been made to characterize the natural history
of hip displacement in children with CP and to design inter-
ventions to reduce displacement before it becomes severe or
symptomatic.*'® Non-operative interventions to reduce or
prevent hip displacement may include postural sleeping
systems, seating modifications, abduction bracing, and injec-
tion of neurolytic agents such as botulinum toxin A (BoNT-A)
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and phenol.*® The level of evidence for many of these inter-
ventions is limited. Surgery for hip displacement in children
with CP has been classified as preventive (adductor releases),
reconstructive (combinations of femoral osteotomy), or
salvage surgery.®

Non-operative interventions may be sought by the parents
and carers of children with CP and some physiotherapists.'?
Injections of BoNT-A are effective in reducing spasticity in
the hip adductor muscles and can result in increased hip
abduction range.”'® Tt has been suggested that the use of an
abduction brace to stretch the hip adductor muscles after
BoNT-A injection may increase the effectiveness of the
injections.'”

This combination of BoONT-A and abduction bracing was
investigated in a randomized controlled trial (RCT) conducted
in four Australian centres, between 1997 and 2004.'® The
study included 91 children with CP and investigated the effec-
tiveness of BoNT-A injections to the hip adductor and ham-
string muscles, combined with hip abduction bracing, in the
prevention of hip displacement, measured by migration
percentage.'”*®  Six-monthly injections of BoNT-A over
3 years, combined with use of the SWASH (Sitting, Walking
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And Standing Hip orthosis; CAMP, Helsingborg, Sweden),"®
was compared with a group receiving standard care and sur-
veillance, but no bracing or injections of BONT-A.'®!" The
positive findings of the RCT were that fewer children in the
treatment group required surgery (11 treatment vs 22 control)
and the rate of hip displacement was lower in the treatment
group than in the comparison group (2.6% per annum vs
5.7%).'® The negative finding was that hips in both groups
continued to displace. Although the rate of displacement was
lower in the treatment group, this was of borderline statistical
significance. The clinical significance was unclear because of
the short follow-up. The trial was designed to have a good
chance of detecting a treatment effect by the recruitment of
younger children with early hip displacement and combining
injections of botulinum toxin to the hip adductors and ham-
strings, in therapeutic doses, with abduction bracing for
3 years."® Given the highly significant reduction in surgery
required in the treatment group during the trial, the questions
to be answered in long-term follow-up were as follows: (1)
Did 3 years of 6-monthly injections of BONT-A plus SWASH
bracing reduce the number of hip operations? (2) Was hip
development enhanced by the 3 years of treatment with
BoNT-A and SWASH bracing?

METHOD
Participants
Children enrolled in the RCT had bilateral spastic CP, were
between 1 and 5 years of corrected age at study entry, had
clinical evidence of adductor spasticity and scissoring postures,
and were recruited from four Australian centres (Fig. 1). They
had radiological evidence of ‘hips at risk’, defined as a migra-
tion percentage of between 10% and 40%.'"*' Management
was standardized between the four centres during the 3-year
RCT but surgical management of hip displacement varied in
the four centres according to local protocols. Children who
were followed at The Royal Children’s Hospital in Melbourne
were offered preventive and reconstructive surgery according
to defined indications and standardized protocols. Preventive
(adductor release) surgery was advised when the migration
percentage of one or both hips exceeded 40% and hip abduc-
tion was less than 40°.° Reconstructive (bony) surgery was
advised when the migration percentage of one or both hips
remained greater than 40% more than 24 months after adduc-
tor releases. For additional details about the surgical protocol,
see Appendix SI (supporting information published online).
To exclude selection bias, the aim of this study was to review
all children, from both treatment and comparison groups,
from this one centre.

Ethical approval was granted under the audit provisions of
The Royal Children’s Hospital Human Research Ethics Com-
mittee, approval number 31052A.

Procedure

The migration percentage was measured from the most recent
radiograph of the hips using a reliable protocol.”® Hip mor-
phology was classified from the same radiograph according to
the Melbourne Cerebral Palsy Hip Classification System
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What this paper adds

o Keeping the hips of children with CP in joint is difficult, and studies with
short-term follow-up may not predict long-term outcomes.

e Three years of BoNT-A injections and bracing does not reduce the need for
surgery nor improve hip development.

e Preventive and reconstructive surgery is successful for most hips at 10-year
follow-up.

(MCPHCS) which is a valid and reliable classification of hip
morphology for individuals with CP (Appendix SII, supporting
information published online).”** The number and type of
preventive and reconstructive operations required by each child
was recorded from a chart review of both hip surveillance and
orthopaedic department records. Progress of children through
the RCT and open follow-up is summarized in Figure 1.

Statistical analysis

To determine if there was any significant difference between
the groups in migration percentage, results were analysed
using an independent #-test. Difference in MCPHCS between
the groups was analysed using the Mann-Whitmey U test
appropriate for managing ordinal data. We analysed frequen-
cies of (1) ‘preventive surgery’, (2) ‘bony surgery’, or (3) ‘both’
to investigate differences in requirements for surgery between
the groups. Differences between the groups in children’s age
at surgery was analysed using an independent #-test. All analy-
ses were performed using SPSS software (version 14.0SPSS
Inc., Chicago, IL USA).

RESULTS

A detailed description of the children enrolled in the RCT has
been published previously and is summarized in Figure 1.'®
Fifty-nine males and 32 females participated in the study with
a mean age at enrolment of 3 years 2 months. Twenty-nine
children had diplegia and 62 had quadriplegia. Clinical and
radiographic records were reviewed for 46 of 47 surviving chil-
dren who were followed at one centre, The Royal Children’s
Hospital, Melbourne. One participant was lost to follow-up as
he moved between states soon after completion of the RCT.
The long-term study group included 31 males and 15 females,
10 with diplegia and 36 with quadriplegia. Mean age at most
recent clinical review was 13 years 11 months (range 10y
6mo-16y 8mo). Mean follow-up was 10 years 10 months
(range 7y 10mo-13y 1mo) from enrolment in the RCT. Three
children were in GMFCS level 11, 11 were GMFCS III, 20
were GMFCS IV, and 12 were GMFCS V.

There was no difference between the groups in mean
migration percentage at most recent follow-up. Mean migra-
tion percentage was 15.9% in the children who had been in
the treatment group and 15.2% in those who had been in the
comparison group (t=0.26, p=0.79; 95% CI —4.58 to 5.976).
There was no difference between the groups in hip morphol-
ogy as described by the MCPHCS (Mann—Whimey U
test=867.50, z=1.59, p=0.11; Fig. 2 and Appendix SII). Most
hips in both groups were satistactory, MCPHCS grades I to
III (near normal to mildly dysplastic). There were more hips
at grade IV (subluxated) in the treatment group than the com-
parison group (5 vs 2; Fig. 2).



Eligibility criteria
1. Bilateral spastic cerebral palsy
2. Scissoring posture, tight adductors
3. ‘Hips-at-risk’ migration percentage >10% <40%
4. Age (corrected) 1-5y, at entry
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Figure 1: Summary of randomized controlled trial and follow-up.

The need for preventive surgery was high and similar in
both groups, with 21 out of 23 children from the treatment
group and 19 out of 23 from the comparison group requiring
surgery (Fig. 3). The requirement for reconstructive surgery
was also similar between the groups (10 vs 8; Fig. 3). At long-
term follow-up, 40 out of 46 children had undergone

preventive or reconstructive surgery, or both. Of the children
who required surgery, there was no statistically significant
difference between the groups in mean age at either preventive
or reconstructive surgery. The mean age at preventive surgery
for the treatment group was 6 years 7 months compared with
a mean age of 5 years 1 month for the comparison group

BoNT-A, Bracing, and Hip Development in Children with CP Kate Willoughby et al. 745



Satisfactory Unsatisfactory
30 ;< > < >
25 4
20 m BoNT-A group
8 o Control group
T 15
]
P4
10 1
ol B =
0 - T T

I I 1l v \Y \
MCPHCS grade

Figure 2: Comparison of hip morphology between the groups. MCPHCS,
Melbourne Cerebral Palsy Hip Classification System.

25 -
H BoNT-A group

50 | O Control group

15 4

10 4

Lo

No surgery

N of children

Preventive Reconstructive
Type of surgery required

Figure 3: Comparison of the need for surgery between the groups.

(#=2.04, p=0.05). The mean age at reconstructive surgery for
the comparison group was 9 years 2 months compared with a
mean age of 8 years 10 months for the treatment group
(t=—0.39, p=0.698).

DISCUSSION

Historically, emphasis has been given to adductor spasticity as
a key cause of hip displacement in children with CP.** In
turn, this has led to a focus on the need to reduce adductor
spasticity and contracture and to improve the range of hip
abduction. More recent work suggests that lack of functional
ambulation affects the growth and development of the proxi-
mal femur.?* Tt may be the excessive anteversion and coxa val-
ga that is partly responsible for the very high rates of hip
displacement in children in GMFCS levels IV and V, rather
than adductor spasticity. This theory also goes a long way to
explaining the high failure rate of interventions designed to
reduce spasticity in the hip adductors as well as the high failure
rate of adductor release surgery in non-ambulant children
(GMFCS levels IV and V). A recently published study has
shown that the success rate of adductor surgery is predicted by
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GMEFCS level and the type of adductor surgery is relatively
unimportant.”’ The success rate of adductor surgery in ambu-
lant children was high, 94% in GMFCS level II, dropping to
49% in GMFCS level III. However, adductor surgery had a
very high failure rate in non-ambulant children, with a success
rate of only 27% in GMFCS level IV and 14% in GMFCS
level V. It is thought that this is because of secondary changes
in the hip joint that occur owing to lack of weight bearing and
ambulation.

In the randomized clinical trial, of which this study is a sub-
set, the reduction in hip displacement in the treatment group
was small and disappointing. However, fewer children from
the treatment group exited the study and progressed to sur-
gery during the study period than from the comparison group.
It was not clear if these decisions were based entirely on differ-
ences in migration percentage or whether perceived differ-
ences in adductor spasticity and passive hip abduction may
have contributed.'® A legitimate question in this long-term
study was, therefore, what the subsequent need for surgery
would be for these children, as well as the long-term status of
their hips.

"This study has shown no long-term benefit from 3 years of
non-operative treatment, including 6-monthly injections of
BoNT-A and abduction bracing in reducing the need for sur-
gery or enhancing hip development. The requirement for both
preventive and reconstructive surgery in both groups was very
high (Fig. 3).

The differences in age between the groups at both preven-
tive and reconstructive surgery were not significant. Children
in the treatment group were, on average, 18 months older
than those in the comparison group when they had preventive
surgery. The literature on the effects of age at preventive sur-
gery is not conclusive but some studies suggest that preventive
surgery may be more successful at earlier ages. Therefore, age
at preventive surgery, if anything, favours the outcome for the
comparison group. However, children in the comparison
group were a mean of 5 months older than those in the treat-
ment group at the time of reconstructive surgery. Literature
on the effects of age at reconstructive surgery is even more
inconclusive. Some authorities have suggested that older age
at reconstructive surgery is advantageous to outcome.

Hip morphology at long-term follow-up was satisfactory in
most hips in both groups. Satisfactory hip morphology,
defined as MCPHCS grades I to III, was found in 41 of 46
hips in the treatment group and 44 out of 46 hips in the com-
parison group (Fig. 2 and Appendix SIT).”” However, there
were ‘failures’ in both groups, with five grade IV hips in the
treatment group and two grade IV hips in the comparison
group. The failures were the result of scoliosis and pelvic
obliquity in three children, windswept hip deformity in one
child, and refusal to proceed with reconstructive surgery in
another child.*?” No hips from either group are currently
painful or have required salvage surgery.

The strengths of this study were adherence to a standard-
ized management protocol during the RCT and open
follow-up, and the use of valid and reliable measures of hip
morphology. Weaknesses of the study include the lack of a



comparison group during long-term follow-up and the lack of
functional outcome measures, activity, and participation.
Although the sample size of this study may be considered
small, it represents a complete subset of participants in a well-
designed RCT who subsequently had hip displacement man-
aged by a standardized surveillance and surgical protocol.
Although a larger sample may have decreased the confidence
interval around our finding of 0.7% difference in migration
percentage between the groups, it was not possible in a long-
term outcome study of this nature.

The conclusion from this study is that in children with
bilateral spastic CP, satisfactory hip development can be
obtained in most hips at skeletal maturity by careful hip
surveillance, followed by preventive and reconstructive
surgery.>'%1227 A previous period of preventive treatment
with BoNT-A and bracing neither reduces the requirement
for surgery, nor the complexity of the surgery, nor does it
enhance the morphology of hip development at long-term

REFERENCES

. Stanley F, Blair E, Alberman E. Cerebral Palsies: Epidemiol- 1

—
=l

ogy and Causal Pathways. Clinics in Developmental Medi-
cine No. 151. London: Mac Keith Press, 2000.

N

. Graham HK. Mechanisms of deformity. In: Scrutton D,
Damiano D, Mayston M, editors. Management of the Motor

Disorders of Children with Cerebral Palsy (2nd edn.). Clinics 1

o

in Developmental Medicine No. 161. London: Mac Keith
Press, 2004: 105-129.

w

. Soo B, Howard JJ, Boyd RN, et al. Hip displacement in cere- 183-95.

bral palsy. 7 Bone Joint Surg Am 2006; 88A: 121-29. 12. Dobson F, Boyd RN, Parrott J, et al. Hip surveillance in chil-

4. Bleck EE. The hip in cerebral palsy. Orthop Clin North Am
1980; 11: 79-104.

. Bleck EE. Orthopaedic Management in Cerebral Palsy. 1
Clinics in Developmental Medicine No. 99/100. London:

v
w

. Wynter M, Gibson N, Kentish M, et al. Consensus state-
ment on hip surveillance for children with cerebral palsy:
Australian  standards of care. Available from: http:// 1
www.ausacpdm.org.au/professionals/hip-surveillance

(accessed 21 December 2011).

ment on Hip Surveillance for Children with Cerebral Palsy:
Australian Standards of Care. 7 Pediatr Rebabil Med 2012; 4:

dren with cerebral palsy: Impact on the surgical management
of spastic hip disease. 7 Bone Joint Surg Br2002; 84B: 720-6.  22. Robin J, Graham HK, Baker R, et al. A classification system
. Hagglund G, Andersson S, Duppe H, et al. Prevention of

dislocation of the hip in children with cerebral palsy. 7 Bone

follow-up. It remains to be seen if other non-operative treat-
ments can reduce hip displacement in children with CP.
Long-term follow-up to skeletal maturity is required to ascer-
tain the true impact of early management.

SUPPORTING INFORMATION
The following additional material may be found in the online version
on this article.

Appendix SI: Surgical protocols for adductor release and bony
reconstruction.

Appendix SII: Melbourne Cerebral Palsy Hip Classification Scale
(MCPHCS).

Please note: This journal provides supporting online information
supplied by the authors. Such materials are peer reviewed and may be
reorganized for online delivery, but may not be copy-edited or type-
set. Technical support issues or other queries (other than missing
files) should be addressed to the authors.

children with cerebral palsy and ‘hips at-risk’> A randomized

controlled trial. 7 Bone Foint Surg Am 2008; 90B: 22-33.

o

. Reimers J. The stability of the hip in children. A radiological
study of the results of muscle surgery in cerebral palsy. Acta
Orthop Scand 1980; 184: (Suppl) 1-100

. Wynter M, Gibson N, Kentish M, et al. The consensus state- ~ 20. Parrott J, Boyd RN, Dobson F, et al. Hip displacement in

spastic cerebral palsy: repeatability of radiologic measure-
ment. 7 Pediatr Orthop 2002; 22: 660-7.
2

—_

. Miller F, Bagg MR. Age and migration percentage as risk fac-
tors for progression in spastic hip disease. Dev Med Child

Neurol 1995; 37: 449-55.

for hip disease in cerebral palsy. Dev Med Child Neurol 2009;
51:183-92.

Mac Keith Press, 1987. Joint Surg Br 2005; 87B: 95-101. 23. Murnaghan ML, Simpson P, Robin JG, et al. The cerebral
6. Miller F, Dabney KW, Rang M. Complications in cerebral ~ 14. Gordon GS, Simkiss DE. A systematic review of the evidence palsy hip classification is reliable: an inter- and intra-observer
palsy treatment. In: Epps CH, Bowen JR, editors. Complica- for hip surveillance in children with cerebral palsy. 7 Bone reliability study. 7 Bone Foint Surg Br 2010; 92B: 436-41.

tions in Pediatric Orthopaedic Surgery. Philadelphia: JB Lip- Joint Surg Br 2006; 88B: 1492-96. 24. Robin J, Graham HK, Selber P, et al. Proximal femoral
pincott, 1995: 477-544. 15. Mall V, Heinen F, Kirschner J, et al. Evaluation of botulinum geometry in cerebral palsy: a population-based cross-sec-
7. Scrutton D, Baird G, Smeeton N. Hip dysplasia in bilateral toxin A therapy in children with adductor spasm by gross tional study. 7 Bone Joint Surg Br 2008; 90B: 1372-9.
cerebral palsy: incidence and natural history in children aged motor function measure. 7 Child Neurol 2000; 15: 214-7. 25. Shore BJ, Yu X, Desai S, et al. Adductor surgery to prevent
18 months to 5 years. Dev Med Child Neurol 20015 43: 586—  16. Mall V, Heinen F, Siebel A, et al. Treatment of adductor hip dislocation in children with cerebral palsy: the predictive

600. spasticity with BTX-A in children with CP: a randomized,
double-blind, placebo-controlled study. Dev Med Child Neu-

o

. Hagglund G, Lauge-Pedersen H, Wagner P. Characteristics

of children with hip displacement in cerebral palsy. BMC 70/ 2006; 48: 10-3.

Mousculoskelet Disord 2007; 8: 101. 17. Boyd R, Graham HK. Botulinum toxin A in the management
of children with cerebral palsy. Eur 7 Neurol 1997;4: S15-22. 27. Rang M. Cerebral Palsy. In: Morrissey RT, editor. Lovell
Tasmanian children with cerebral palsy. 7 Paediatr Child ~ 18. Graham HK, Boyd R, Carlin JB, et al. Does botulinum toxin

o

. Connelly A, Flett P, Graham HK, et al. Hip surveillance in

Health 2009; 45: 437-43.

A combined with hip bracing prevent hip displacement in

role of the gross motor function classification system. 7 Bone
Joint Surg Am 2012; 94A: 326-34.
2

=

. Miller F. Cerebral Palsy. New York: Springer Science and
Business Media, 2005.

and Winter’s Paediatric Orthopaedics (3rd edn.), vol. 1:
Philadelphia JB Lippincott, 1990: 465-506.

BoNT-A, Bracing, and Hip Development in Children with CP Kate Willoughby et al. 741



