DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY

REVIEW

A systematic review of interventions for children with cerebral
palsy: state of the evidence

IONA NOVAK"? | SARAH MCINTYRE"? | CATHERINE MORGAN'? | LANIE CAMPBELL? | LEIGHA DARK' |
NATALIE MORTON' | ELISE STUMBLES' | SALLI-ANN WILSON' | SHONA GOLDSMITH'2

1 Cerebral Palsy Alliance, Sydney; 2 University of Notre Dame Australia, Sydney, Australia.

Correspondence to Associate Professor lona Novak, Head of Research, Cerebral Palsy Alliance Research Institute, PO Box 560, Darlinghurst NSW 1300, Australia.

E-mail: inovak@cerebralpalsy.org.au

PUBLICATION DATA
Accepted for publication 5th June 2013.
Published online

ABBREVIATIONS
COPM
mance Measure

GAS Goal Attainment Scaling

MACS Manual Ability Classification
System

NDT Neurodevelopmental therapy

Canadian Occupational Perfor-

AIM The aim of this study was to describe systematically the best available intervention
evidence for children with cerebral palsy (CP).

METHOD This study was a systematic review of systematic reviews. The following databases
were searched: CINAHL, Cochrane Library, DARE, EMBASE, Google Scholar MEDLINE,
OTSeeker, PEDro, PsycBITE, PsycINFO, and speechBITE. Two independent reviewers
determined whether studies met the inclusion criteria. These were that (1) the study was a
systematic review or the next best available; (2) it was a medical/allied health intervention;
and (3) that more than 25% of participants were children with CP. Interventions were coded
using the Oxford Levels of Evidence; GRADE; Evidence Alert Traffic Light; and the
International Classification of Function, Disability and Health.

RESULTS Overall, 166 articles met the inclusion criteria (74% systematic reviews) across 64
discrete interventions seeking 131 outcomes. Of the outcomes assessed, 16% (21 out of 131)
were graded ‘do it’ (green go); 58% (76 out of 131) ‘probably do it (yellow measure); 20% (26
out of 131) ‘probably do not do it’ (yellow measure); and 6% (8 out of 131) ‘do not do it (red

stop). Green interventions included anticonvulsants, bimanual training, botulinum toxin,
bisphosphonates, casting, constraint-induced movement therapy, context-focused therapy,
diazepam, fitness training, goal-directed training, hip surveillance, home programmes,
occupational therapy after botulinum toxin, pressure care, and selective dorsal rhizotomy.
Most (70%) evidence for intervention was lower level (yellow) while 6% was ineffective (red).
INTERPRETATION Evidence supports 15 green light interventions. All yellow light
interventions should be accompanied by a sensitive outcome measure to monitor progress
and red light interventions should be discontinued since alternatives exist.

Thirty to 40% of interventions have no reported evidence-
based and, alarmingly, another 20% of interventions pro-
vided are ineffectual, unnecessary, or harmful.! The gap
between research and practice has been well documented
in systematic reviews' across multiple diagnoses, special-
ties, and countries. Surveys confirm that, unfortunately, the
research—practice gap occurs within the cerebral palsy (CP)
field to the same degree.”” This gap exists despite numer-
ous systematic reviews providing guidance about what does
and does not work for children with CP. When clinicians
want to help, families expect effective interventions, and
the health system depends upon cost-effective services, the
provision of ineffectual interventions is illogical. In view
of this, why is there such variable uptake of best available
evidence within real clinical practice?

In the last decade, the CP evidence base has rapidly
expanded, providing clinicians and families with the
possibility of newer, safer, and more effective interventions.
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Orthopaedic surgery and movement normalization were
once the mainstays of intervention, but localized antispas-
ticity medications and motor learning interventions have
gained increased popularity.™ Thus, the sheer volume of
research published makes it hard for clinicians to keep up
to date.® Systematic reviews seek to provide evidence
summaries, but, in spite of this, clinicians find it difficult
to interpret review findings and stay abreast of these
syntheses.” Furthermore, the introduction of new and
sometimes competing effective interventions increases the
complexity of clinical reasoning required by clinicians,
who are primarily motivated to improve outcomes for
children.®

In the last 10 years, the field has adopted the World
Health Organization’s International Classification of Func-
tioning, Disability and Health (ICF),” which has redefined
the way clinicians understand CP and think about inter-
vention options. From an ICF perspective, CP impacts on
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a person’s ‘functioning’, (inclusive of body structures [e.g.
limbs], body functions [e.g. intellectual function], activities
[e.g. walking], and participation [e.g. playing sport]), which
in turn may cause ‘disabilities’, such as impairments, activ-
ity limitations, and participation restrictions. Moreover,
each person with CP lives within a personalized environ-
ment and thus their context also contributes to determin-
ing their independence, comprising personal factors (e.g.
motivation) and environmental factors (e.g. architectural
accessibility).”'* Thus, there are many potential problems
a child with CP may face and seek intervention for. The
field has chosen a philosophical shift away from almost
exclusively redressing physical impairments underlying
functional problems to adopting an additional focus on
maximizing children’s environment, their independence in
daily activities, and their community participation.'’ Fur-
thermore, clinicians applying the recommended goal-based
approach seek to choose interventions guided by what
would best help the family achieve their goals."*"'* Couple
these philosophical preferences with widespread barriers to
research implementation (such as limited time, insufficient
library access, limited research appraisal skills, attitudinal
blocks to research, and differing patient preferences), and
there is no assurance that children with CP will receive
evidence-based interventions.'!>'¢

The aim of this paper was to describe systematically the
best available evidence for CP interventions using the
GRADE'" system and to complement these findings with
the Evidence Alert Traffic Light System'® in order to pro-
vide knowledge translation guidance to clinicians about
what to do. The purpose of rating the whole CP interven-
tion evidence base within the one paper was to provide cli-
nicians, managers, and policy-makers with a ‘helicopter’
view of best available intervention evidence that could be
used to (1) inform decision-making by succinctly describ-
ing current evidence about CP interventions across the
wide span of disciplines involved in care; (2) rapidly aid
comparative clinical decision-making about similar inter-
ventions; and (3) provide a comprehensive resource that
could be used by knowledge brokers to help prioritize the
creation of knowledge translation tools to promote
evidence implementation.'”

METHOD

Study design

A systematic review of systematic reviews (i.e. the highest
level of CP intervention research evidence available) was
conducted in order to provide an overview of the current
state of CP intervention evidence. Systematic reviews were
preferentially sought since reviews provide a summary of
large bodies of evidence and reviews help to explain differ-
ences among studies. Moreover, reviews limit bias which
assists clinicians, managers, and policy-makers with deci-
sion-making about current best available evidence.*> How-
ever, for interventions for which no systematic reviews
existed, lower levels of evidence were included to illumi-
nate the current state of the evidence.
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What this paper adds

Of 64 discrete CP interventions, 24% are proven to be effective.

70% have uncertain effects and routine outcome measurement is necessary.
6% are proven to be ineffective.

Effective interventions reflect current neuroscience and pharmacological
knowledge.

® All effective interventions worked at only one level of the ICF.

Search strategy

Our review was carried out using a protocol based upon
recommendations from the Cochrane Collaboration and
PRISMA statements.”'*? Relevant articles were identified
by searching the CINAHL (1983-2012); Cochrane Data-
base of Systematic Reviews (1993-2013; www.cochra-
ne.org); Database of Reviews of Effectiveness (DARE);
EMBASE (1980-2012); ERIC; Google Scholar; MED-
LINE (1956-2012); OTSeeker (www.otseeker.com); Phys-
iotherapy Evidence Database (PEDro [www.pedro.ths.usyd.
edu.au]); Psychological database for Brain Impairment
Treatment Efficacy (PsycBITE [www.psycbite.com]); Psy-
cINFO (1935-2012); PubMED; and Speech Pathology
Database for Best Interventions and Treatment Efficacy
(speechBITE [www.speechbite.com]). Searches were sup-
plemented by hand searching. The search of published
studies was performed in July and August 2011 and
updated in December 2012. Interventions and keywords
for investigation were identified using (1) contributing
authors’” knowledge of the field; (2) internationally recog-
nized CP websites such as the American Academy of Cere-
bral Palsy and Developmental Medicine (www.aacpdm.
org), CanChild (www.canchild.ca), the Cerebral Palsy Alli-
ance (www.cerebralpalsy.org.au), Cincinnati Children’s
Hospital (www.cincinnatichildrens.org), Karolinksa Insitu-
tet (www.ki.se), NetChild (www.netchild.nl), NeuroDev-
Net (www.neurodevnet.ca), and Reaching for the Stars
(www.reachingforthestars.org); and (3) the top 20 hits in
Google using the search term ‘cerebral palsy’ as an indica-
tor of popular subject matter.

Electronic databases were searched with EBSCO host
software using PICOs [patient/problem, intervention, com-
parison, and outcome] search terms. The full search strat-
egy is available from the authors on request.

Inclusion criteria
Published studies about intervention for children with CP
fulfilling criteria under the headings below were included.

Type of study

First, studies of level 1 evidence (systematic reviews),
rated using the Oxford 2011 Levels of Evidence were
preferentially sought.”” The Oxford 2011 Levels of
Evidence for treatment benefits include level 1, a system-
atic review of randomized trials or n-of-1 trials; level 2, a
randomized trial or observational study with dramatic
effect; level 3, a non-randomized controlled cohort/
follow-up study; level 4, a case series, case—control study,
or a historically controlled study; and level 5, mechanism-
based reasoning.



Evidence of Oxford levels 2 to 4 were included only if
(1) level 1 evidence did not exist on the topic and then the
next best available highest level of evidence was included;
or if (2) level 2 randomized controlled trial(s) had been
published since the latest systematic review, which substan-
tially changed knowledge about the topic.

Second, retrieved bodies of evidence were coded using
the GRADE'"” system and Evidence Alert Traffic Light
System'® using two independent raters, with 100%
agreement reached. The GRADE'” system was chosen
because it is a criterion standard evidence-grading tool
and is endorsed by the World Health Organization. Def-
initions of the GRADE terms appear in the notes to
Table I and a full description of panel rating processes
are available from www.gradeworkinggroup.org/publica-
tions/JCE _series (retrieved 8 March 2013). Notably, the
GRADE system rates both (1) the quality of the evi-
dence (randomized trials, high; observational studies, low;
and other levels of evidence, very low, but it is worth
mentioning that high-quality evidence is downgraded if
methodological flaws exist and low-quality evidence is
upgraded if high and certain effect sizes exist [e.g. popu-
lation-based CP register data])!” and (2) the strength of
the recommendation for use, which weighs up trade-offs
between the benefits and harms of using the interven-
tion, whereby a panel considers (a) the methodological
quality of the evidence supporting estimates of likely
benefit and likely risk; (b) inconvenience; (c) the impor-
tance of the outcome that the treatment prevents; (d)
the magnitude of the treatment effect; (¢) the precision
of the estimate of the treatment effect; (f) the risks asso-
ciated with therapy; (g) the burdens of therapy; (h) the
costs; and (i) the varying values.'” The GRADE method-
ology means that sometimes bodies of evidence may be
assigned a strong recommendation even when the quality
of the evidence is low. This is either because there is a
high likelihood of harm from no intervention (e.g. anti-
convulsants to prevent seizures or ulcer prevention pres-
sure care) or because the treatment has a low effect size
and is expensive to provide, but a safe, more effective,
cost-comparable alternative exists (e.g. phenol vs botu-
linum toxin A; or neurodevelopmental therapy [NDT] vs
motor learning). The Evidence Alert Traffic Light Sys-
tem'® was chosen because it is a GRADE-complementary
knowledge translation tool, designed to assist clinicians
to obtain easily readable, clinically useful answers within
minutes.® The Evidence Alert also provides a simple,
common language between clinicians, families, managers,
and funders, based upon three-level colour coding that
recommends a course of action for implementation of
the evidence within clinical practice. The Evidence Alert
System'® has been shown to increase by threefold clini-
cians’ reading habits about CP research.”* Figure 1
describes the GRADE system and the Evidence Alert
System and their relationship to each other. Table I
shows the included studies, best evidence levels grades
and traffic light classification.”” '%’

Where multiple systematic reviews existed and newer
level 1 to 2 evidence superseded the findings of earlier
level 1 evidence, the grades were assigned based on the
most recent high-quality evidence.

Types of intervention

Studies were included if they involved the provision of and
intervention by either a medical practitioner or allied
health professional.

Types of participants

Studies were included if they explicitly involved human
participants and more than 25% of the participants were
children with CP.

Studies were excluded from the review if (1) they were
diagnostic studies, prognostic studies, or interventions
aimed at preventing CP (e.g. magnesium sulphate'® and
hypothermia'®"); (2) they provided lower levels of evidence,
unless no systematic review had been published; (3) partici-
pants were adults, although if a study predominantly
(>75%) studied children but included a small proportion of
young adults (<25%) the paper was included; (4) they
reviewed generic prophylaxis interventions (e.g. good par-
enting, standard neonatal care for all infants, i.e. not CP-
specific interventions); (5) they reviewed a whole discipline,
not individual interventions (e.g. physiotherapy, occupa-
tional therapy, speech pathology); (6) they were considered
alternative and complementary interventions with no pub-
lished evidence; (7) a second publication of the same study
published the same results; and (8) they were unpublished
or not peer reviewed.

Data abstraction
A data abstraction sheet based on the Cochrane’s recom-
mendations’’ was developed. Abstracts identified from
searches were screened by two independent raters (CP
research experts and knowledge brokers) to determine their
eligibility for further review. Abstracts were retained for
full review if they met the inclusion criteria or if more
information was required from the full text to confirm that
the study met all the eligibility criteria. Two independent
reviewers then reviewed full-text versions of all retained
articles and all additional articles identified by hand search-
ing. Full-text articles were retained if they met inclusion
criteria. Agreement on inclusion and exclusion assignment
of the full-text articles was unanimous. Data extracted from
included studies comprised the authors and date of the
study; the type and purpose of the intervention imple-
mented; the study design; the original authors’ conclusions
about efficacy across study outcomes; and the original
authors’ conclusions on strength of evidence (based on
their assessment of whether there was no evidence of bene-
fit, qualified support, or strong support). For lower level
evidence, risk of bias was assessed using the Cochrane
criteria.

The data extracted from each included study were sum-
marized, tabulated, and assigned a level of evidence rating

Review 3



JYNSVIN

MOJ||9A + BN Mo l aouaplne Buiuoddns Aljenb-iamon szopebejeq (sg) Auonseds paonpay uolledipaw Alonsedsijue :(|eio) uajojoeg L
J4NSVIN
MO||IBA +eapN  Mo| AJap L 9ouspliAe Buipoddns Aljenb-1amoT ,4UOS|0dIN (3) uspanq Jaled paonpay
JYNSVIN (s9) waisAs dags e
MOJ|OA +)esp\  Mo| Ausp l 9ouspiAe Buinoddns Alljenb-1amoT oy UUAM eiA Buluonisod des|s panosdw
(sg) aweuy Buipuels
IYNSYIN e eIA Allsusp |eJaulw suoq
MO|[OA +eapn Mo L 90U9PIAS JUBIOINSU| opUld pue Buuieaq 1yblam paroidw|
JYNSVIN (V)
MOJ[OA +3eap\  MoO| AJap L 90UBPIAS JUBIOINSU| woune 1S10y B BIA Siajsuel) panoidw|
l eyPUBAM
l z1OPIUS
L scPUNIpues
IYNSVIN l L,Suosied () Auljeas jenuia Jo Buluiesy
MOJ|OA +eapN Mo Auap l aouaplne Buiuoddns Aljenb-iamon opiosne 2110404 BIA uOI10UNy paAosdw|
(d) ss@20e Jaindwod
aAllewsalje ein Aejd pue
IYNSYIN L ssPunipues uoI1BDIUNWWOD ‘U0IeINPd
MOJ|OA +eap\  MoO| Alap l aouaplne Buipoddns Aljenb-iamon gehMIueYD ul uonedioied panosdw|
(d pue y) siieyojgaym
JYNSVIN l ,£9UOISBUIAIT paiamod ein Aljiqow Aies
MO|IBA +Yeapn Mo z 9ouspIAe Buiuoddns Aljenb-1amoT geSouor ul @ouspuadapul paroidw|
34NSYIN (V) p1enb Aay 10 youms e
MOJ|9A +eapN Mo Alap l aouaplne Buiuoddns Aljenb-iemon seSolneq BIA $S920€ Jalndwod panosdw|
(d ssa00e Ja1ndwoo paldepe ‘sileydaaym
JUNSVIN pue y) BulAl| Ajlep Jo sanlAloe ‘sawely Bupjlem ‘6 aouspuadapul saoidwil
MO||9A + eI Mo z 9ouapina Buipoddns Ayjenb-iamon 4eUOSIIM ul @ouapuadapul panosdw| 0} $391Aap 10 awdinba :ABojouyoal aAnsissy 9
SJUBS|NAUODIIUE 8SN Op — 810J8JaY] S84Nnzles
Pa||0J1UOOUN WO} SJUBAS 9SIOAPE JO SYSLI
ybB1y aie asayl pue suonendod 4J-uou ui s1sixa sainzias
0D udain + Buong V/N - 9ouaplAe Alljenb ybBiy adoulg "4) ul 9ouUspiAe ON - (Sg) 1041u09 2inzids paroidw| 1u9Aa.d 0] SUOIBOIPAW SJUBS|NAUOINLY G
34NSVYIN (d) sBop eo1n108
MOJ[OA +3eap\ MO AJap L 8ouapine Buipoddns Ajjenb-1emon £PUIM elA 9ouspuadapul paaoidw
(d pue sg) ainsia| speou Buissouo ‘Buiuado
panoidwi pue ‘ssauljauo| pue J00p ‘ple 1811} a4nzias *B'9 ‘aouspuadapul
IYNSYIN Ayaixue ‘ssalls paonpal poow yum 3sisse pue diysuoluedwod apiaoid
MO||DA +3eapN Mo Alap l 9ouapiAs Buipoddns Ayjenb-iamon 2688€7 ZOUn|y pue uonezijeioos panoidwy 0} s|ewlue 991A13s :Adelay} palsisse-jewiuy v
JYNSVIN L 11BN (V) yooads |eqlan
MOJ|OA +eapN Mo Alap l aouapine Buiuoddns Aljenb-iamon ogUosueH J0 uonejuswsa|ddns pasueyugy
ERTRISVE (d) sieuned |euOl1ESI9AUOD JO
MO||DA +3eapN Mo Alap l 9ouapins Buipoddns Ayjenb-iamon sz2U0IBuUILUBg  S||IS uolEdIUNWIWOD paAoldw|
JYNSVIN (V) uaip|iyd jooyds-aid jo S3DINSP
MOJ|OA +eapN Mo Auap l aouapine Buiuoddns Aljenb-iamon gzUosuelg  s||js uonedIuNWWod panoidu| Buneisuab yosads ‘spieoq uoLIIUNWWOD
IYNSVYIN () S||P}S UOEIIUNWWOD ‘69 ‘yoeads |equan 01 saAlleulale ABojouyoal
| MOJ|DA +eapN Mo Alap l aouapina Buipoddns Aljenb-iamon ,z401Buluuag |esauab panoidwi 1UOI1BdIUNWIWOD dAljRIUBWBNE pue aAlleUId) Y €
Ae|d ul suoneywi| asop
|e10} -1 NOg Ssajun |oyodje asn jou op Ajgeqo.id
IYNSVYIN 910Ja19Y) — 9AIBUILY|E BAI09)8 AlyBly e se (sg) suonoalul eI Ajjeodo| Auonseds |eoo| Buieasy 1o uoneAlausp
MOJ[DA — yeapn V/N L sIsIxa -1 NOg Ing ‘Loddns 01 80UapIA8 JudIdlNSU| 5z0PebBlaQ Alonseds ajosnw 9onpay  [BOIWAYD 99NpUl 0] SUOIIVa[Ul JB|NdSNW :[OY09d|Y z
IYNSYIN (V) ainssaid |enuew pue sa|pasu eIA Apoq
MO||BA +eapn Mo L 90U9PIAS JUBIOINSU| s;Pueyz  uonouny sojow ssoib parosdw| pue d|eds 01 uolle|NWIIS-04198[ :84nPuUNdNoy L
uoloe uollepusWWO 90uUapIne [ELE]] SJUBWIWOD [aued suoneyn) (]oA3] 4D]) @WO02IN0 UOIUBAIBU| uonuaAIalu|
b1 oyes]  -oaa jo y1buang JO  @2uapIAd
Aujeng pi0ojxQ

3avyo

s1yb1| o1yes) pue sapelB ‘s|ana] 89uapIAa B|qe[ieAR 1Saq ‘Salpnls papnjou| :| ajqel

4  Developmental Medicine & Child Neurology 2013



L g/2USIEM
L SN Op — JUdW]eal} OU WO} SBW0IIN0 »,UBnoyippay
0D udaIn + Buong  ejesapolp L |B100S 8S19ApE 9yl UBAIB pue wlia} HMoYs 91309443 & W (sg) Buijooup pasnpay
J4NSYIN
MO|[BA +3eapN  Mo| Alap L 90UBPIAS JUBIDINSU| Z/dIMmey (sg) uted paonpay
L ,,91B0H
L 0,2180H (V) sallAioe puey
L soSPuIye |euonouny jo souewsopad
0D usain + Buonsg yBiH | Adesayy |euonednado yum uoileuIqUIOD Ul 9A1399H T ssPAog pue uonouny puey parosdw|
L sollAY
L asn op aiojaiayl AdesayloisAyd £9N0T
0D udaIn + Buong  e1etapoN L UM UO[1eUIqUIOD Ul 9A130918 Ajqeqold LoP00) (¥) uonouny Buryjem paroiduw|
V-1Nog asn op Ajqeqo.d aioja1ay}
— s}nsaJ Jejiwis 10adxa am ‘(suone|ndod 4o
JYNSYIN -uou) ejuoisAp Arewnd ul uononpai suo} spyoddns (Sg) sejosnw
MO[|IDA + Yeapn V/N L 9ouapliAe Alljenb-yBiy aoulg *9oUBPIAS JUBIDINSU| glBAON 08U 8y3 Jo eluoadAy paonpay
V-1NOg @sn op ai10ja1ay} — s}nsaJ a|qesedwod
109dxa am ‘sajosnw quil| JOMO| Ul 9AI}IBYD
L AlyBiy si Bnup ayy soulg 'saipnis Aujenb ybiy ui 1oleISEM
l uoinonpas Alonseds JaAo painseaw Ajjennusieyeid golllIMnasy (sg) Anonseds
0D udaIn + Buong  e1etapolp L SEM UOI10UN} :9JON "9OUBPIAS JUBIdINSU| seSPUIYe ajosnw quii| Jaddn paonpay
L »oueBIINA
L €020
L zoUePINT
L 19003
L 0gUdUIDH
L ssPA0g
ggZopueUISH Ayonseds
L -elaneq|y (sg) Anonseds 00| A||e90| 01 S8|aSNW 2dl}seds dAI}OBIBAO O}Ul
0D udaIn + Buonsg ybiy L 9Jes pue A3l ,6lIBH-9PY 9[9SNW quii| J8MO| padnpay pa1oalul uonedpaw (-1 NOg) UIxo) wnuiniog gL
jJuswieasy
L OU WOU) SJUBAD 9SIAPE JO Sysi YBiy aie a1ay) 9gUBNOH (sq) s1S010d08}s0 e84} 0} uoldiosgeal
0D udain + Buong  ejeI8pON L pue 108448 aANIsod e 1sa66ns s] QY ||ewS "9AI10843 4SPuUllYe4  Alsusp |essuiw duoq pasoidw|  duoq ssaiddns 0} uonedipaw sajeuoydsoydsig  LL
J4NSVYIN
MO|[OA +eapy  mo| Auap 4 aouapiAe Buioddns Aljenb-iemo ygoolg (¥) uonouny puey panoiduwi|
J4NSVIN
MO[|IDA +Yeapn MO z 90UBPIAS JUBIDINSU| egunsing (V) Bupyjem panoiduw|
(sg)
I4NSYIN uonow jo abuels aAlde pue ]0J3u09 Asejun|oA yoeal 0y AlAoe
MO[|IDA + Yeapn MO z SjuawWeal) Jaylo UM paulquuiod jI dAIR084T] egUnsIng uoljeAlloR 8josnw pasosduw| 9]9SNW 1noge }oeqpas) d1U0J}I9|d Hoeqpaajolg Ol
4 zgPIsmazieg (v) eiBajdiway yum
L Adesayl Juswenow ,DISMezyeS  uelp|iyd 104 8SN puey |eide|iq 1810601 spuey omj jo asn
0D u9aIn + Buong ybiH Z  PadNpul-lulelISuUOd 0} SSBUBAIDBYS |enb3 "aA0ayg Lguopi0n '9°| ‘uonjouny puey pasosdw| 8yl ul Buiuiesy ysel aannadal Bululesy [enuewig 6
JHNSYIN
MO[|IDA +3eap\  MoO| AlBp L 20UBPIAG JUBIOIYNSU]  weyBulym (3) sijs Bunuaised parosdw
(V) (Bwweiboig Bunuaied
34NSYIN z paisixa seiq uonesijgnd pue sajdwes Apnis sySiopues d 91du] sauoig Buiddalg ayy od pue ‘suolluaAIdlul [eINOIARYSQ
MO[ISA +Yeapn MO Z @Yl Ul papn|oul 8JaMm s1aquuinu d) MO| Ing ‘9A1109)3 g,SHOCOY  wouy) nolaeyaq p|iyd paroidwi ‘pwoddns unoiaeyaq aanisod :Adeiayy snoineyag 8
uoioe uollepuswwo ELIVETJNY] [ELET SjUSWIWOD |aueyd suoneu) (I2A8] 4D]) 8WOIINO UOIIUBAIBIU| UOIjUaAIBIU|
b1 oigea]  -o9al jo yibuang JO  90UdpIAd
Aljenp pi0o4x0

3dvdo

panuiuo) | ajqer

Review 5



s||13js |euosiadialul

JYNSVYIN (3) Hoddns juaied oy Juaied pue uoledlunwwod aAoidwi 01 ‘sanssi
MO[|DA +Yeap\  Mo| Alap 14 90UBPIAS JUBIDINSU| oeHled elA Buldod |eyuaied pasoidwiy yijeay |elusaw pue umopyeaiq diysuoneja.l
IYNSVIN paisixe siaded uojuido ‘aouapine (3) y1jeay |euaw ‘ssal1sIp 01 pea| swajqoud a1 Moy Jo
MO|[OA +eapn V/N - yoseasal paysiignd oN "dD ul 8duspiAa ON - pue 6uidoo |eyuaied paroidwi Buipueisiapun Buualsoy :(sjualed) Buljjesuno) 0z
@ouewloylad ysel |nyssaoons ajowoid
Adeuiay) pasnooy-p|iydo 01 SSOUSAIDYS 01 (PI1Yd 8y} 10U INQ) JUSWUOIIAUS B}
0D uda1n + Buong ybiy Z |enba smoys |9y snoiobu a|Buls e 810N "9A1199)3 6gME1 (v) uonouny panoidwy 10 yse} ay) Bulbueyd :Adesay) pasnooj-1xsjuo) 6l
l yPISmazieg
L ggOlUBWIOSEN puey o1ba|diway
L SSOUBAI08) ,gPueNH (v) e1bsjdiway yyum 8y} Jo Bulules aAIsuslul B|qeUD 0] ‘1SeD
L Buiwipuod SMalAal papnjoul syl Jaye 9g®1BO0H uaJp|iyd 10} puey pajoaye 10 1w e ul puey jueuiwop ay) Bululeiisuod
0D usaIn + Buong  alelepoy l paysijgnd usaqg aAeY S| QY 910W USAT "9AI09))] ssPAog 8y} Jo uonouny puey panoidw| ((LINID) Adeiay) JuswieAow paonpul-luielisuo) gL
IYNSVYIN 1UsW]eal] OU 0] SOUBIBYIP 5gu0X1d
MOJ[DA — Jeapn Mo L ou moys salpnis Jo Aliole|y "@ouapiaa Bunoljpuo) -Aa|sian ] (sg) uoniubod panoidwy
sguoxia
ERTRISVELN l Juswieal) OU 0} 9oUBIBYIP -Aa|sian) (V) sallAlloe [euonOUNy
MOJ|[OA — Jeapn Mo l ou moys salpnis Jo Aliole|y "eouapiae Bunoljjuo) sgueseq J0 @ouewlopiad paroidwy sdnouB pue saunnos
5gu0X1d (S9) (spuewap |e100S ‘uonualul d1wylAys Buisn Juswanow Bulyoea)
IYNSYIN L 1UaWEaI) OU 0) DIUBIBYIP -Aa|sian] pue |eaiBojoliq 0} asuodsal) 0] yoeoidde paseq-wooisse[d |euoileonpa
MO|[DA — JeapA Mo L ou Mmoys salpnis Jo Alliole|y "@ouapiAe Bunoljpuo) sgueseq ,uonounjoyuio, panosduw| uelieBbuny e :(3)) uoneONpPa BAONPUOY /|
Jlel 03 om] saxe] 3
‘uauey !Bulures] uonoesalu| ‘B9 ‘@1edIUNWIWOD
IYNSVYIN L £gU01BUILUDY (d) siuaJed a1yl pue uaip|iyo AjoAnoaye 01 siaulnied uoneOIUNWWOD
MO|[DA +3eap\ Mol Alap L 92U3PIAS JUBIDIYNSU| sz401BuIUUBY usamiaq uonoelalul parosduw| Butuiesy :Buiules uonesuNWwWo) gL
suoljoe
pue Bupjulyl SAIIONIISUOD JO Juswabeuew
199D esn op Ajgeqoud (Sg) sisainua pue -JJos pue Burnnionuisal aAlIuUbod Bulyoeasl
JYNSVYIN aJojasayl — suonejndod g)-uou ul 1 g9 suoddns Jnoineyaq ‘uonuane ‘deals pue sinoianeyaq pue siybnoyy [nydjayun
MO||9A +eapn V/N - 9ouapiAa Alljlenb-ybBily a8ouIS 4D ul 82UdpPIAS ON - ‘A1a1xue ‘uoissaidap panoisdwi| BuiAyiuapt :(1gD) Adesayl unoineyaq aaiubo)y gL
sinolAeyaq Bunuaied Bulioiny jo ssasoud
IYNSVYIN suBisap Jabuouls (3) Buidoo painjonuis e pue abueyoxa uolewlojul
MO[|DA +eapy  mo| Auap 14 UlIM papaau yoJeasal 10|\ "90UapPIAS JUaIdIjNsu| gweyein pue s||iys Bunuaied panosdw ‘pdoddns |euonows :syuaied Bulyoeo) L
uononpas Anonseds oy Bulised asn jou op
Ajgeqoud ai10j819Y) — UOIIPUOD ,|RJIUBD, B dA0IdW]
JYNSVIN L 10U |[IM UOIIUBAIBIUL ,|ED0], € 8ledipul Aldnseds zgMdlda L
MOJ|[OA — Jeapn Mo l Jo sBuipuelsiapun Jama| "99uUapIAS JUdIdINSU| soluleley  (sq) Aonseds sjosnw paonpay
(sg)
0D usaIn +eapn Mo L |lews aJe suleB 1ng aA1199))3 ,,2iounjoelg 1Nog jo s109))8 pajuawbny
L solulEIe)
L 5, U9643
JHNSVIN l £,240unelg
MOJ|[DA — Jeapn Mo l 90UBPIAS JUBIDIYNSU| g owey-mny (v) uonouny panoidw|
L Lghronday (s4)
IYNSYIN L ogutuueT squi| Jaddn ay) jo uonow
MO[IBA + Yeapn Mo l 90UBPIAS JUBIDIYNSU| g omey-mny J0 oBuel anissed panoidw
l asn op — al0jaJay) s/oluleIey| Auonseds aonpai (q) Jo
L “J||EM 01 UOIX3|4ISIOP 910W Paau 1eyl uaip|iyo UELITE | (sg) ‘AlreinBas paBueyo s1sed uononNpal 94n1oeIU0
L Joj |nyBurueaw Ajeaiul|o Ajjenualod ale 1nq [jews ,,2iounjoe|g squli| JoMo| 8y} JO uonow *9°| ‘Buluaylbus| 8josnw 10} S8|ISNW Yd1a41S
0D usaIn + Buong Mo L AJan aie uonow jo abuel apjue Ul sulen "9AI199)] g owey-mny J0 aBuel anissed panoidw| (e) 01 squil| 0} paljdde sised uaise|d :Bunse)y gL
uolnoe uolepuswwo 20uapIine [ELE]] SIUBWWOD |aued suoneu) (]oAa] 42]) @W02IN0 UOIIUBAILU| uonuaIelu|
61 oyyes]  -oaa jo yibuang JO  92uaplAd
Aueno P10jx0

3dvdo

panuiuo) :| ajqey

6 Developmental Medicine & Child Neurology 2013



snBeydosao
sy} punoJe snpuny ay} Buiddeim Aq ‘69 ‘xnjjal
p1oe 01 Jalieq ay) usyibuans o) ainpssoid

JYNSVYIN so1SHag0Y (Sg) xnjja1 |eabeydosao |ea1buns :(uoneold ouseb !oidoosolede|
MO||BA + Yeapn V/N L 90UBpPIAS 213199ds-d) ON -uoulap -oJ3seB jo uononpay pue uass|N Buipnjoul) uonesidopund 8z
L sujeBb 2oLl INYISIBA
JYNSVYIN l uonedioied pue AlAIOE 0} 9)e|sued) o) Jeadde mo_m‘_omom (d pue y) uonedioed
MO|[BA — jeapn 91eI8POA L JOU S90p SS8Ull) 01(0JaY "99UBPIAS JUBIOINSU| zofonng pue uonouny paroidw|
wiie) buo| swwesboud ayl enunuod oy ued
pue juaned ybi 8yl ul Ajuo 1ng 8sn op ai04alay ] ssaully [eaisAyd Jo s|aAa| ulejuiew 1o anoidwil
L sdols Buluiel} uaym 1anoAiied oN ‘Buluiesy 20,USINYISIDA 0} ainupuadxa ABiaua ul }nsal 1ey} sajosnw
L 01qoJae dyeuapUN 0] S||I)S J0J0W JUBIdIYNS coLS4060Y |e18[9%s 4O JUBWAAOW pajeadal BUulA|OAUl
0D udain + Buong  eiesspop L aAeY 1y} 9SOy} Ul Ajuo pue wJia) 1oYS dAI1084] zofonng (sg) ssaully d1qolae parosdw| sal}AI0e painjonJis pauueld :Butules) ssaull{ /g
J4NSVIN L Lol UBLM (S9) uixoy wnuinjog
MOJ|OA +eapn MO L pPapasu 99UBPIAS AIO|A "99UBPIAS BulldIjpu0) ooLutuue] 40 s109)40 pajuswbny
L 16PUBLM uoleAnoe
I4NSYIN L PRTTVETEIS Jojow Jo BuluayiBbuails 10} SUOIJORIIUOD
MOJ|9A + B3\ @1eISPOIN L 9ouapliAs Buipoddns Aljenb-1amoT 91 (S8) yibuais sjosnw panosdu 9]9snw aAlssed adnpul 0} 9p0JII3|d UD|S
I4NSYIN L AlUNWWOD 8y} Ul SSBUAIIDBHE UMOUNUN L6UBLIM e ybBnouy) ajosnw e Jo uolle|nWils |ed11103]9
MO|IBA + Yeapn Mo L ‘Alojeloqe| Ul 8AI3084] "90UBPIAS JUBIDINSU| ,eubneined (sg) sieroweled 1eb paroidw| 1(S34 ‘SINN ‘S3J) uone|nwiis [eoU0d|3 92
L 96!UBINIZ
L gellNQUINL
JUSWUOJIAUS dulIdlNellul 8y} Bupdlwiw e pawie yeSiodsoy
L ‘sjuejul wual-aid ysil je 1oy sswaw welboid mne|g
JYNSYIN 13 suoddns a@ouapine ajesapoly ‘suoiiejndod ceS19dsoH (sqg)
MO||BA +eapn MO L dD-uou ul |3 suoddns aouapins Ajenb ybiy -mne|g S9WO091N0 9AIHUBOD panoidw
L 96!UEINIZ
L gellNQUINL
AdesayjoisAyd [euonipey yS19dsoH
L 10 AN ©03 Jouadns aie sujen) ‘sswwelBold mne|g sninws [enpiaipul 10 dnolb elA ‘sauolsa|iw
JYNSVYIN Buiyoeoo jualed pue sayoeoidde [ejuswdojanap eeS49dsoH (¥ pue Jo uo nboe ajowo.id 0} uoneoanps
MO|[OA +espN  8lelapoly l ‘uone|nwns |esauab spoddns adusping -mne|g Sg) Sawo91n0 Jojow pasoidu| Aliea pue Adesayi :(]3) uonuaaiaul Aieg Gz
(sg) uoneusidse
JYNSYIN ss9| o'l ‘Butuoinsod ybidn
MO||BA +eapn MO L 20UapIAd Bunodipuo) 2619PIUS  EBIA Mojjems Jo Ajajes panosdu juawdinba pue sasuerdde
(sg) uonesidse |eJo Buisn pue sj|iys Jojow |elo ‘uonisod
IYNSYIN SS9| "9l SpIN|} pauaydIy} Bumis ‘sainixa) pooy Buibueys Aq Buimojjems
MOJ||DA R LT MO L @ouaplAa Buipoddns Aljenb-iamon 2619PIUS  EBIA MO|jems Jo Ajajes panosdu| ajes Bunowoud juswabeuew eibeydsAg ¥z
(sq)
0D udain + Buong  ejesspopp L 9sn Op — 9104249y} ‘WId) LOYS dAI1084] 4z0PEBI2a (pazijesauab) Alonseds aonpay uoneosipaw Ayonsedsiue :wedazelq €
JHNSYIN (s9)
MOJ|9A — jeapn Mo L 90UBPIAS JUBIdINSU| 5zoPeBIaQ (paziesauab) Alonseds aonpay uonesipaw Anonsedsijue :susjosueq gz
d WwalsAs SNOAIBU |BJIUSD Y] Jeal} pue
Juawieal} ou 0} paseduwlod usym jyouaq pue y) yyeay |esausb pue ajl) uleJ)s |B}19]9)S0|NISNW 9Sed 0} SJUBWBAOW
dO1S pay — Buong ybBiH 4 ou smoys ] QY snosobu a|Buls e 910N "9AI108)au| LeHeAMm J0 Ajljenb ‘Ajnjigow panoidw |lews Buisn uoneded :Ayjedosiso |elues) |z
uoloe uolepuswwo 20UBpING [ENY] SJUBWIWOD |aueyd suoneu) (|2A8] 4D]) @WOIINO UOIIUBAIBIU| uoljuaAILIU|
16| oijel]  -9al jo yibuaig JO  2ouU8pIAd
Aujenp pio4xQ

3avdo

panuiuo) | ajqel

Review 7



L sz UBRUOQIN (V) S@l}Aoe [euolOUNS Jaquieyo oueqiadAy pazinssald e apisul
d0O1S pay — Buong ybiH z INJ20 OS|B UBD SJUSAS 9SISAPY '9AI1038448U| 921301100 40 2ouewopad panosdw|  usbBAXo 9,001 pajeyul ((QgH) usbAxo oueqiadAy /g
L 1z11®HOD
J4NSVIN L 921 29D (v pue sg) uoiouny Jojow
MO||9A +eapn MO z 2ouapina Buiuoddns Ayjenb-iamon sz S1BeSAIYD sso4b pue s|elA parosdu| sas1019xa paseq-olienbe :AdesayloipAH 9g
IYNSYIN SaIpn3s aininy ul JUBWUOIIAUS dWoy
MO|[OA — Yeapn EICIE]oJel| z paJinbal sainsesaw aAIlISUSS "90UBPIAS JUBIDINSU| e BAON (d) uonedioied panoidwy| ay) ul 1sidessyl syl Aq pauoddns pue jusied
z selq Jo Alljigeqoid mo| B LM ‘SSBUBAINNSYD e enoN (V) SellAlloe [euonlouny ayl Ag pa| ‘p|Iyd ayl Aq sysel paseq-|eob
0D udaIn + Buong  e1elapon l SMoys | 9y snosoBl a|Buls e 810N "aAI1109)3 42,lBAON 40 9ouewJopad paroidw| J0 9o110e.d onpnadelayl :sswwelboid swoH g
J4NSVvIN salpnis aininy ul
MO[|IBA — Jeapn 91e13pOIA| z palinbai sainseaw 8A11ISUSS "99USBPIAS JUBIdINSU| ez.51Med (d) uonedioiued panosdwi
J4NSVIN (V)
MO[IBA + Yeapn MO L papaau salpnis Jabie aA110943 2z UBIBYM  uoI10UNy J0jow ssoif panosdu)
L Lz iedtupez
JYNSYIN L 0z,B091S (sg) Aujigels pue AjawiwAs AllowwAs pue aosue|eq adnoeid
MO||9A +eapn MO L EVNIRENTE | sL119PIUS jyunuy pue diy panosdw 03 Buipus asioy onnadesay) :AdesayloddiH €
9OUB[|I9AINS OU WOJ) SJUBAS 3SI9APE
aAIURISONS 8B 318y} Se 8sn 0 'S1JY Jou
salpnis |euolleAlasqo se paubisap Ajeleridoidde
919M salpnls a8yl Yyans se ‘Jauuew Ajpwi (sq) uole20|sip
e u| papiaodd ag ued syuawiealy bl 8yl se os Aiabuns d1psedoylio 10y pasu diy uanaid o1 Ajubayul utol diy 1oy Juswies.y
0D udaIn + Buong  e1esapo L ssa00.1d Juawssasse Je|nbal e s| soue||idAIns diy g1,UOPIOD pue uoneso|sip diy paosnpay pue 2oue||IdAINS dANOE doue||laAIns dIH €€
J4NSVIN 4 L UNH (s9) A1abins Auog
MO[|IBA +)eapN  MO| AJBp ¥ pajjoJiuooun pue aA130ads0l1al 819Mm saIpNig g douung elA uopnexn|gns diy paonpay
(S9) (esesjas
IYNSYIN 1010nppe) Asabins anssiy }yos diy ay jo Juswublle |e1a|d¥so|nNIsNW
MO|[OA +eapy  mo| Auap L Po]|0J1u0duUN 819M S3IPNIS 1SO|A| 5 H0IS eIA uonexn|gns diy paonpay anoidwi 01 AseBuns oipeedoyuio :Asebuns di  zg
IYNSYIN (sg) aanisod jJuawuBije pue uonouny
MO||9A +3eapN  mo| Auap L 2ouapina Buiuoddns Ayjenb-iamon yLLS4opINaws wied-ul-quiny} panoidw| puey anoudwi 0} A1abuns :Asabins pueq Lg
z salpnis ETTEANY
0D ugain + Buong ybiH z papnjoul uiylm seiq Jo Alljigeqoid moT "aAI08) 3 e BAON (V) @4e0-jj@s panoiduwi|
salpnis
z papnjoul uiyum seiq jo Ayjiqeqold moT *Bujuiedy UETTEINY
z jenuewliq pue JA||D YHM UOlleuIquiod Ul pasn 1o 2gPIsmezies
0D udain + Buong ybiH Z Awuweiboid swoy e BIA PaIdAlap 8q Ue) "dAI1994] e {BAON (¥) uonouny puey panoiduwi| yoeoudde Buiuiea| Jojow e Buisn saiiAloe
34NSYIN € selpnis 1 PUIMOT (v) paseq-|eob 1es-p|1yd 40 dd10eId
MO[|IBA + Yeapn MO Z  papnjoul ulyum seiq jo Alljigeqoid awos "aA11093 s JBE[918Y  uopouNy Jojow ssoib panolduw| yse) :Buluiesy jeuopiouny/Buiulely paoalip-|leon O
1115H8q0y
¥ -Uoulap
€
< soLUBAIIING
1L sorzo UBI1BIS Awojsoun(sl
go.BUEd ‘(93d) Awolsouiseb oidoosopua snosueinalad
L -uoswes ‘69 ‘eluownaud uoiesidse Juaaaid 1o ‘aunjiey
IYNSYIN I 0. BUON (sq) yimmouB asianal 10 Juanald 01 agny Buipasy
MO[IBA +)eaAN  MO| AJBp < INJ00 SJUBAD BSIOAPY o UHWSMOLY 1yBram pue ymmoib panoiduw) |eJo-uou e jo Juswaoe|d |eolBins :Awolsolisen  gg
uonoe uojjepuswiwio ERIVET N 1an9| SjuaWIWOD |aueyd suoneu) (]9A8] 42)]) W OIIN0 UO[IUBAILIU| uol3uUBAILIU|
B oijel]  -%aJ Jo yibuang J0  92UdpIAd
Aujenp P10jx0

3avyo

panuiuo) :| ajqey

8 Developmental Medicine & Child Neurology 2013



L seltuueT] sjuljds uonesijigowwi pue
L | ,21e0H Bunseo eln Juswabeuew woldwAs parosdui
L 0,9180H 'sjuljds puey [euonouny pue Builuies) yibuais
L soSBUIYa4 (V) semiAnoe qui| Jaddn ‘Bululel) pajoalip-|eob ‘] |A|D BIA @sn puey
0D usain + Buong ybiH L 9A1108))3 ssPAog J0 1uawanalyoe |eob panoisdwy panoidwi :] Nog Joue Adesayl |euonednodg Ly
L i io1ng (4d pue sg) s|is @ 60d
dO1S pay — Buong MO L wie|d poddns 01 90USPIAS ON "9AII08YdU| L,y UMOIg  pue |euoljows |elo0s pasueyul
1aN
0} suieb |euonouny soiadns saonpoud Buluies|
J0l0W 3Byl SMOYS 82UBPIAS I8y} 'uolined
yum pajaidiaiul 8q pjnoys pue Adesiyys juswieall
Buiysi|ge1ss 10) poylaw |BUOIIUSBAUOD € JoU SI SIY}
‘Janamoy ‘] N O Sasop Jamo| yum paseduwod
1AN j0 sasop 1aybiy jo yyauaq a|qissod
L BuiyseBBNs |Bl} MaU BUO PapPN|OUl MIIASI ep UIHBIN
34NSYIN L 1U993J dJoW Y] ‘s}youaq ou palsabbns smalnal zpdo1Ng
MO||SA — jeapn MO L Ajae3 "e2uspline mainal dllewalsAs Bulldljjuo) Ly umolg (¥) uonouny paroidwy
19n0
L Al1ed 10U Op UOISS8S By} UIYHM PAAISSCO uolow Zpionng (sg) wawdojanap
dO1S pay — Buong MO L J0 aBuel Ul suleb ajeIpaWIWI 9SNEIAQ BAII0440U| Ly umolg 91N30LIIUOD JUBADIY uoouny asiwndo
L ZpdonNg 03 aouepinB pue Buipuey aaissed ‘}0alip
dO1S pay — Buong MO L sjuswieal) Jaylo o} Jouadns suieb oN "aA1l9ay8U| Ly umolg (Sg) JusWaAOW pazi|ew.IoN ((yreqog ‘1aN) Adesayl |eluswdolanapoinaN  OF
J4NSVIN ge1#od
MO[|A + Yeapn MO z 90UBpIAd BuldIpU0) -zapueulaH (¥) uonouny panoidw|
seidtoY
J4NSYIN 4 -Zapueulsy
MO[IDA +qeda Mo 4 aouspiAe Bundluo) ovL PBZIV (s9) Auonseds paonpay
z 65, UOSS|! uolisua) pue uled aAal|al 0} s8josnw
J4YNSVYIN sc1dlod 01 1sidesay) abessew e Aq paljdde suonnow
MO|IDA +Yeap MO z 92UBpIAS BuldIpU0) -zopueulaH (sg) uled paonpay Je|naJId pue Bupjolls oinadelsy) :abessel  6E
Jlem o1 Anjiqeur Buipnjoul
IYNSYIN SJUAAD 8sIaApe dousladxs Auew Ing anosdwi (V) uaip|iyo uenque
MO|[BA — jeapn Mo| Alap L dD YHM UaIp|1yd SWOS "90UPIAS JUBIDINSU| e uld ul Aujige Bupjjem pasosduwi|
L eeL ISBION (4d
34NSYaAN z 0. BUINOH  pue d ‘v) 84| Jo Ayijenb pajejas
MO||BA +eapn MO 4 9ouapiAs Buipoddns Aljenb-iamon e BUIAOH yieay pue uonouny pasoidwy|
JHNSVIN L ogtioING
MO||DA +3eapN  Mmo| Auap L @ouaplAa Buipoddns Aljenb-iamon peL9S9UEQIY (S9g) eluoisAp paonpay
L eeL ISBION
L Anonseds quip saddn Buionpal jo sasodind ayy 4z0PEBIea
L 104 3|Iymyuiom Ajjeatul|d si g | 48yieym uoinsanb zeued
3I4NSYIN L SIOYlNe SWos pue qui| JOMO| 8y} 104 UeY) Ssa| L UOpaaIY (sq)
MO[|A — jeapn MO L sl quii| Jaddn uo 19940 8| "99UBPIAS JUBIDINSU| osionng Anonseds qui| saddn paonpay
L eeL ISEION
L 5z0PEBIea uawopge ay}
L zeu€ad ulyum pajuejdwi Ajjeaibins dwnd e eia piod
I4NSYIN L S9IpN1S Usamlaq salleA suleb ay} jo azis ay| L U0paaIY (sq) |euids ay3 01 Aj108.1p palaAl@p uolledipaw
MO|[OA + deapn MO L ‘aouapine Buiuoddns Aljenb-mo| Ajjueuiwopaig osi@lNg Ayoniseds quui| 1emo| paosnpay Ajonsedsiue :(g]|) uajoloeq |edaylesiul 8¢
uoljoe uolepuswwo ELIVETJNE] 99| SjusWIWOD |aued suoneu) (|9A8] 42]) @WOIINO UOIIUBAILIU| uoluaAILlU|
B oijes]  -%a1 jo yibuaing JO  9oUdpPIAS
Aujenp piox0

3avdo

panunuo) :| ajqel

Review 9



(sg)

IYNSYIN SUOIYSND 189S JIBYD|99YM WOl
MO|[DA +eapn Mo L 92UBPIAS JUBIDIYNSU| LG SBUUION Juawdo|anap 199|n paonpay
(sg) sunjsdaays apesb |esipaw
pue ‘sassailjew ainssaid
Buneussyje ‘sessainiew sooeyins yoddns
sAej1ano ainssald Buileusale ueyl aAl}09)e-1s09 weoy uoleaiyoads-ybiy a|qeuns pue ‘Buiuonisodas ‘Buiuoinsod poob
0D usaIn + Buong Mo L 2J0W sassailew ainssald Buneulally 9A110843 L SBUUIDN  BIA JuBWAO|aABD 18|N PBJNPaY  BIA S189|Nn 8inssaid Jo uonusAeid :eled ainssald 8y
JYNSVIN (4d pue Sg) ssais paonpal
MO||DA +Yeapn V/N - dD ul 9duapine ON - pue Buidod pjiyo panoidwy
IYNSVYIN osMIZUBH s||js Aejd @oueApe pue Bulaq|jem [euoilowa
MO|[OA +eapn MO z 90UBPIAS JUBIDINSU| 1ppay (V) s|Is Aejd panoiduwy 2ouByUS 0] sk 9AIleald pue Aeid :Adesayl Aeld /¥
SU0110111S81 9SOp
|e101 98BS UIYIM ulewal 0} sdnolb sejosnw aiow
10 uonoslul sjgeus 01 -] NOg YlM UOIIBUIqUIOD
ul Ajaainsod pasn sawilowos si jouayd ‘aied
IYNSYIN |BOIUIID Ul “JOABMOH "Y-] NOg sHoddns aouapina Alonseds |eoo| Buneau) Jo) uolleAlauap
MO|[9A — Yeapn V/N L Anjenb-ybiy aoulg ‘pesiesdde saipnis ) oN 5z0Peblaa (sg) Alleso| Anonseds aonpay |ed1WBYD 3dNpul 0} SUoIId3(uUl JBINdSNW :joudyd 9¥
Bunuaied anoidwi
IYNSVIN juawdojanap pjiyo ae: sn|d ‘s||s 4o unoiAeyaq s,p|Iyo Jiayl abueyo ol
MO|[9A +eapy  mo| Auap L 2ouapine Buioddns Aljenb-1emo ] weyBunuymn 01 s||iys Bunuaied panoidw|  sjualed Buiyoeod pue Buieonpe :Buiulesy Jualed Gy
uoneoo|sip diy Bunuanaid ioy (s9)
aA1199)yaul Ajlenuassa 1ng Apybils aies uonedso|sip pue sasoypo
dO1S pay — Buong yBiH z diy mojs Aew smoys aouapine Ayjenb-ybiH sy EYRID uoneso|sip diy Jo uonuanaid
ulepyad
IYNSYIAN a( 0] salpnis ¢J 1ualolynsul ing ‘suone|ndod
MO|[DA — JeapA mo| Alap L dD-uou ul 8AvaYeUl SMOYS 92uapiAd Alljenb-ybiH gorndel (S9g) 94n10BJIUO0D JO UOIIUBABLY
JUNSVIN (V)
MO[IBA — Jeap Mo| Alsp L 90UBPIAS JUBIDINSU| uolouny qui| Jaddn paaosduwi
L
L
L sy SHIBH
L 9y, OP11ONB1Y
L EITE |
JHNSVIN 3 £,240Wdelg (V)
MO|[DA — Jeapn moj| Alap L 90UBPIAS JUBIDIYNSU| g omey-mny uolPuUNy quii| JaMmo| paAosdw|
L Lgfrrday
L gy SHION
L sy SHIBH
l 9y, OPI1ONGIY
L MO] SI 90UBPIAD IELITE | sajosnw 1o
I”NSYIN L a1 Jo Aljenb ayl 1nq ‘soiewauly| pue sdiauy 4,2 Jounde|g  (Sg) S04V elA uonow jo abues sjulof aA1198yeul 10 yeam Loddns o) paubisap
MOJ[OA +3eapN  MoO| Alap l 11e6 ‘uonow jo abues apjUe UO S109J40 SAINSOd o OWeY- 1Ny pue yi16us| spuis panosdw) S9JIAGP [BUJISIXS B|qeAOWAal ((Slul|ds) SOIOYUQO ¥
Allwiogep snuinba jualindal 10} 10108} Buluayibua| sjosnw
ysii Jofew e sem Asabuns Ajiea 1eyl paleolpul ‘6o ‘syuswebl| pue ‘sjulol ‘sajosnw paleldosse
IYNSYIN $aIpNn1g "1UapIAd anbiuyoa) edibins souadns (s9) pue s19pJosIp [B19[8XSO|NISNW JO UOI1991109
MO|[9A +eapn MO L ou Yyum asuapine Buinoddns Ayijenb-1amon 5. 940YS Allwiogep 1004 snuinba 1984109 10 uonuanaid |eaiBins :Alabins oipsedoyn  €f
JHNSVIN L pp1 XOOUIM (sq) Butjooup padnpai pue
MO|[OA — Yeapn Mmo| Auap L 90UBPIAS JUBIDIYNSU| 2619PIUS Buimo|jems jo Alejes panosdw wisiueyoaw |eabuAieydoio
(Sg) sasiolaxa Jojow ay) @ouanjjul 01 sajosnw Asoleuidsal
JYNSYIN suone|ndod ;.4J-uou ut 81nyas 1o |el1o yoovads-uou Jo }nsali pue ‘xuAie| ‘alejed yos ‘anbuol ‘mel ‘sdi|
MO|[OA — Jeapn V/N — poddns 0] 99U8PIAS JUBIDIYNSU| "dD Ul 90UBPIAS ON - e se yoeads |eqan parosdw) 0] uone|nwis AIOsuas :Juswieas) J0JoW IO  Zh
uoloe uollepusWWOo 20UapINg [ELE]] SIUBWWOD [aued suoneu) (J]aAa] 42]) @W0IN0 UOIIUBAILU| uoluaAIaU|
b1 oyes)  -oaa jo yibuang JO  90uUapIAd
Aujenp P104x0

3avyo

panuiuo) | ajqey

10 Developmental Medicine & Child Neurology 2013



g1 SUONEINdOd (3) s|iys Bunuased panoidwi sabua||eyd a4l 01 suolinjos Builesouah
JYNSYIN dD-Uou ul SSaUdAIIaYe JuUabiawa smoys pue Buidod panosdwi 0} yoeoidde pasnooy [eob pue pajejualio
MO||DA +eapn V/N - 92UapIAS Alljlenb-mo| 92uIS ") Ul 9dUspIAG ON - ‘uoissaidap |ejualed paonpay 994n0sal :Adeiay) Jaliq pasndo-uon|os 9§
uonenys
|e100s e 10} p|1yo e aiedaid o1 sesuodsal
(V) sinoineyaq uowlwo9 pue ‘saAloadsiad ‘sand |eoos
34NSYIN pue suonows Jo Juswabeuew JueAd|aJ 8y} pue 1daouod 1o ‘||1Bjs ‘uolenlis e
MO||SA +eaA\  MoO| AJBA L 92UBPIAS JUBIdINSU| bo 301 pue uonesunwwod pasoidw|  BulquIsap J00q pazi|enplAIpUl Ue :$31I0)S [BID0S GG
uoljeionalep sAald Jo 1eb anosdwi
19yl 01 quii| JOMO| BY} JO S|DAS]| JUBIBHIP
34NSYIN (V) Ayjigow e sainpadold |eoiBins snoaueynwis ajdiynw
MO||BA +3eapA  mo| Alap L 9ouapins Buipoddns Alljenb-iamon el ABIUIDON |euonouny wial-Buo| paroidw| :Adesay) yum A1abuns |aAs|iinw JuaAs a|buls 5
uole|nBai-4|as Buipnoul ‘spuewap
(suone|ndod ¢)-uou ul) Buissesoid |eIUBWIUOJIAUS pue sk} 0] (aAlsuodsalodAy
Asosues "6 9 ‘sayoeoidde paseq-luswiiedw ueyy 10U pue aAlsuodsal-1adAy jou “o1)
JYNSYIN a|gelinoAe} aiow ale (dO-0D ‘B9) sayoeoudde ssauaAnisuodsal aleludoidde alow aziuebio
MO||BA — Yeapn V/N - paseq-souewioad dduUIS "d) Ul 9dUSPIAS ON - () uonouny parosdw| 0} sallAloe o1nadeuay) :Buissadold Alosusg  €G
papn|oxa
suone|ndod ¢)-uou 10} SM3IABI 810N 'Sjuswieas}
aAlleuIal|e 0} paledwod |S U0} 00 PUE ‘(SaIpnis
JU9931 1SOW J10}) £0°0 4O S9zIS 1080 abeiane pey
Juswieal) ou o) paledwod |S JO sasAjeue-ela|N
‘SaAlleUIB) e BAI108Y8 se 1sIxa Adesayl |enuewiq
dO1S pay — Buong Mo L 10 JINID ‘Bululel) pajoalip |eOD) d2UIS "BAI0848U| 2o, 5€B1BA (V) slI13js 1010w paroiduwl| BuiBuims soowwey 69
(sa1pnis 1uadal }sow 104) ‘sasuodsal aAlldepe a3e}l|1oe} 01 ‘JUBWUOIIAUD
€0°0 JO sazis 10940 abelaAe pey Juswieal] ou Yyum (sq) pue Apoq a8y} wouJ) uonesuas aziuebio o)
dO1S pay — Buong Mo L patedw o9 |S JO sasAjeue-elaW 82UIS "9AII08))dU| zo.5€01BA uoneziuebio Alosuas panrosdu] salllAloe oipnadesay) :(|S) uonelbajul Alosuss  gg
4as buisn 1oy |eob
L Atewnid ayy aq 10u pjnoys siyi pue uonedioiued g loquialg
JYNSYIN L pue sallAlloe |elauab 10} 9ouapine Buiuoddns ou PSVITIVCL R el (d pue y) uonedioiued
MO||BA +eap\  MoO| AJBp L 1NQ ‘uolouny J0}o0w ssoib panosdwll 10} 9oUBPIAT s }UNID pue uonouny paroidw|
L Lo l0quidls
L g UlIyBNETON
0D udain + Buong Mo L EYLETTE] s 3UNID (sg) sonewsaury 1eb paroisdw|
L Lo, 10quIBIS Anonseds aAaljal 03 ‘plod |eulds ayj ul
L oo UlyBNETON S)}00J 9AIBU SIBASS A|9AI1109|8s Jey) ainpadoid
0D udain + Buong  ejesspoly L 9AI11033 ss 3UNID (sg) Auonseds paonpay  [ealBinsounau :(YJS) AW010zIYyl |BSIOP AINSI8S LG
J4NSVIN
MOJ||OA +eap\  MO| Auap L aouaplne Buioddns Alljenb-iemon 951 19BUDIA (Sg) H1 eIA ainssaid paonpay
L qmr:m\»m
JHNSVIN L 161 BABWENDIA|
MO|[OA +eapN Mo Auap L 9ouapins Buipoddns Aljenb-iamon eqiAolied (¥) uonouny puey paaoiduwi|
L wmrcm>m
L o5 UBNOIOGX0Y
3I4NSYaN L eq Aole (sg) |013u0d uolouny a|qeus oy ‘ainysod
MO|[OA +eapN Mo Auap L 90UBPIAS JUBIDINSU| s.PUNUD |eaniysod pue ainisod panosdu| 9]qelOoWOo9 10 |edLldWWAS ‘|euoilouny
JHNSVIN L »aueAy (sq) yum ybidn yis 03 uosiad e se|qeus jeyl
MOJ||OA +eap\  MO| Auap L aouapine Buioddns Aljenb-iemon eqiAolie uonouny Aseuownd panosdwy ABojouyoa) annsisse :Bujuoisod pue Bunneas Qg
awoy ay} apisino
34NSYaN (3) ssaa1s |eluated aonpal palepowiwiodde Ajjensn si pjiyd ayl aroym
MO||SA +3eapy Mo Alap L 9ouapina Buipoddns Aljenb-iamon 2eUNAS  pue Buluonouny Ajtwey aaoidwy  sjuated 1oy yealq Bulaibaled Alelodws) :eudsay 67
uoioe uolepuswwo ELIVETJNE] [EN]] SJUBWIWOD |aueyd suoneu) (|2A8] 4D]) @WOIINO UOJIUBAILIU| uoljuUaAIBIU|
1B oiyjely  -oal jo yibuang JO  2ouU8pINd
Aujenp p10}X0

3avyo

panuiuo) | ajqey

1

Review



Buipodais
9AI109]9S pUB UO0I199||09 BlEP 9W091N0 91a|dwodul
sn|d sjuawnJiisul punos AjjealilewoydAsd

4 ‘Bulpui|q Apnis ‘uolledo|e pajeaduod 9g10BUZ
4 ‘uonelauab aouanbas wopuel :jo yoe| "B ‘seiq eg bUBYZ
z 10 Alljigeqoud yBiy e aAey saipnig ‘ssainsip pliyo 2. JuswaAoW
4 01 anp sales 1nodoup ybiy pauodal saipnis ayl e x9|dw o2 Ajuielun|oAul pue Ajjesijewolne o}
< 0S|y "84nd umouy| ou BuiAey d) INOge ainjelsl| ogLBPUEY (s9) dD j0 Awuanas spea| sninwiis ay} alaym ‘BulA| apis 1o suidns
IYNSVYIN 4 18410 8y1 JO AuB Y}IM JUS1SISUO0D 10U SI YdIym ‘4D s, UOUBIAY, P uassa| sn|d ‘Juswarow ‘auoud ul pauoisod 1s|Iym Apoq ay} uo sauoz
MO|[OA — Jeapn mo| Alap z Ajies ,81n2, 01 WIeD S8IPNIS "92UBPIAS BulldIjJu0) g }PuUEIg pue yibuans anosdw paulep o} ainssaid paijdde 1sidessy) :eiflop €9
Alisuap auoq
JHNSVIN L ogUBNOH (sqg) 10} Juawa|ddns ujwelA Asejalp :(sauowoy
MO||BA +Yeapn Mo L 90UBPIAS JUBIDINSU| ooSPullye4  Ausuep |essuiw suoq paroidw) YImoiB 10 wnId[ed INOYHM INO YHM) q UIWEHA 29
L p2 ANOIMZ
L Buiuiely [[lwpeal) pauoddns-lyBlam Apoq o AauBnoyip
J4NSYIN L |eied ueyl aAl0aye alow Bupjjem punoibiano o NN (V)
MO||BA + Yeapn Mo L ‘JoABMOH *8ouapiAa Buloddns [aAa]-19mo7] 5, 0uBlWEQ Bupjjem |jeuonouny pasosduwi|
JYNSVIN uoddns Apoq |eiued sapnjoul yaiym ‘jjiuupeaiy
MOJ|BA + B3N Mo L 9ouapins Buipoddns Aljenb-iamon p L AOIMZ (sg) Buueaq 1ybiom paroidw e uo 9o13oead Bupjjem :Bujuiely 19
J4NSVIN (sq)
MO|[BA + Yeapn Mo L 90UBPIAS JUBIdINSU| 5zoPebBlaQ (pazijesauab) Alonseds aonpay uonesipaw Alonsedsiue suiplueziy 09
aouelsisal apinold pue salbiauAs
910191 ‘saxa|}a1 9onpal ‘uonidasonidoid
IYNSVYIN z sjyauaq ou 1sab6ns 1ayjo syl 10949 e 501eg (V) anoidwi o} pauBisap ‘1ns Apoq ||n}
MO|[BA — Jeapn Mo z aAIsod s1sabbns [el] auQ "9ouspIAe Bulldlpuo) s, uesebely  uonouny sojow ssoib panosdw) 2130YyMI0 JlWRUAp 1JOs 9|qeyiealq e synseldy] 65
L LgAadlda )
J4NSVIN L gyUld (sg) Butuomsod o Bunuids
MO||IBA +Yeapn Mo L 92UBPIAS JUBIdINSU| o Owey-mny eIA uonuaaid ainjoesuo)
dD 104 uollepuUSWIWODA SIY}
1noge ulenad aq 01 d|qissod Jou S| 11 ‘MalAdI By}
UIY}IM papn|oul 819m salpnis dJ 4O Jaquinu ||jews
e Ajuo 9ouls ‘Inqg ‘(ow/>) SH}BUSY WId}-WNIpaw uoiyisod pauayibus| pue mau e ojul
I4NSVYIN L 0} —MOYs 10 ‘a)eIpawill ou pamoys sisAjeue L HEIM (sg) Buiyolens |enuew 11 8Aow 0} quii| 8y} uodn papaxa (yualed *69)
MO||BA — Jeapn 91eI8POIA L -eJaW ISNQOJ pue aAIsusyaldwo) "aAI108)au| s oMneley| eIA uonuaaid ainjoesuo) 9010} aAIssed |eulalxs ue Jo asn :Buiydlails 8§
(v) sysex
|euoI}ouUNy UIYIIM 9oUR)SISal
JYNSYIN Buisn Bujuiel) jeuonouny
MO|[OA + eapn MO L 9ouapiAs Buipoddns Ajjenb-iamon ey UIHEN eIA uonouny parosdwy
(v)
JHNSVIN Buluiely aouelsisal anlssalboud
MO||BA — Jeapn Mo L 90UBPIAS JUBIDI4NSU| golUUEIOS eIA uonouny pasoidwy|
(sq) Bututen
IYNSVYIN 9oue)sisal anlssalfoud ein
MOJ[OA ERLETY MO Z  yibuans sjosnw Buiaoidwl 104 WIB) LIOYS A9 ] o W yiBuauls qui| Jaddn panosdw)
L sorl0lABL
L g UUEBIDS
L 19, P1OPIOOIN
L suleb |euoiouny 10} papasu ey UHEIA 9oueINpuUSd dlqoJdeue pue
L aq ||Im sayoeoidde Juswieall Jaylo ‘uolouny (sg) Buluren y1buaiis 8j9snw pjing 0} UOI}OLIIUOD JB|NISNW
JHNSVIN L 01 Jan0 Alied jou saop yibualls ajosnw panrosdu) aoue)]sisal anlssalboud ein 01 9ouelsisal Buibuajjeys aiow Ajaaissaiboud
MO||BA +Yeapn Mo L "yiBuaiis ajosnw Bujaoidwl 104 WIB) LOYS DAI309HT soLPPOa yibualls qui| Jamo| paroiduw| 10 asn :(dduelsisal) Buluiesy yibusns /g
uoljoe uolepuswwo ELIVETJNE] BN SJUBWIWOD |aued suoneu) (|9A8] 42]) @WOIINO UOIIUBAILIU| uolusAILlU|
1B oyjea]  -9ad jo yibuang JO  2ouUdpINd
Aljenp P104X0

3avdo

panunuo) :| ajqeL

12 Developmental Medicine & Child Neurology 2013



Traffic light
action
Yellow
MEASURE
Yellow
MEASURE

ommendation

Weak —

Strength of rec-
Weak —

GRADE

Quality

evidence
Very low
Very low

of

level

Oxford
evidence

Panel comments
population, but no effect in CP. Small numbers of

CP studies we cannot be certain about this

recommendation for CP

Lower-quality supporting evidence in non-CP
Insufficient evidence

Citations
del Pozo-

del Pozo-
Cruz'®®

Cruz'®

Intervention outcome (ICF level)

Improved strength (BS)
Improved gait (BS and A)
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Under “Quality of evidence’, ‘High’ means that further research is very unlikely to change our confidence in the estimate of effect; ‘Moderate’ means that further research is likely to have

an important impact on our confidence in the estimate of effect and may change the estimate; ‘Low’ means that further research is very likely to have an important impact on our confi-
means ‘do it’, indicating a judgement that most well-informed people would make; ‘Weak +" means ‘probably do it’, indicating a judgement that a majority of well-informed people would
make but a substantial minority would not; ‘Weak —" means ‘probably do not do it’, indicating a judgement that a majority of well-informed people would make but a substantial minority

would not; ‘Strong —' means ‘do not do it’, indicating a judgement that most well-informed people would make." A, activities; BS, body structures and function; P, participation; RCT, ran-

dence in the estimate of effect and is likely to change the estimate; and ‘Very low’ means that any estimate of effect is very uncertain.”” Under ‘Strength of recommendation’, ‘Strong +'
domized controlled trial; E, environmental; PF, personal factors.

Intervention

Table I
64

using the Oxford Levels of Evidence; a categorization
using GRADE; a colour coding scheme using the Evidence
Alert Traffic Light system, and an ICF domain (Table I).
More specifically, each intervention outcome sought by
included study authors was assigned an ICF domain based
upon published literature.'’® Tt has been acknowledged in
the literature that ICF coding is notoriously complex to
apply since CP is a disability not a disease, and thus direct
interventions do not ultimately alter underlying disease
processes.'” To overcome this challenge, we applied ICF
codes using CP literature precedents, where the outcome
measure within the included trials had been ICF coded by
other authoritative researchers.'® Of note, ICF linking
rules typically cluster together (1) body structure and func-
tions; and (2) activities and participation. To prevent loss
of findings obscured within aggregated data, we separated
activities from participation because we wanted to illumi-
nate whether or not participation outcomes were being
achieved. All the data required to answer the study ques-
tions were published within the papers, so no contact with
authors was necessary.

Ethics and registration

The study did not involve contact with people, so the need
for ethical approval was waived by the Cerebral Palsy Alli-
ance’s Human Research ethics committee. This systematic
review was not registered.

RESULTS
Using the search strategy, 33 485 citations were identified,
of which 166 articles met the inclusion criteria for review

(Fig. 2).

Participants

For the purpose of this study, participants had CP, which is
a complex and heterogeneous condition. We included stud-
ies about children with CP of any motor subtype (spastic,
dyskinetic, or ataxic), any topography (hemiplegic/unilat-
eral, diplegic/bilateral, or quadriplegic/bilateral), and any
functional ability level (Gross Motor Function Classifica-
tion System [GMFCS]'™® levels T to V and Manual Ability
Classification System [MACS]'®’ levels I to V). There was
substantial emphasis in the medical literature on interven-
tions to reduce spasticity, the most prevalent motor impair-
ment.'”® There was also a heavy emphasis in the therapy
literature on interventions designed to improve motor out-
comes consistent with CP being a physical disability. The
higher-quality studies defined the child’s motor function
abilities using the GMFCS and MACS to enable better
interpretation of treatment effects taking into account the
severity of the disability. However, there was insufficient
homogeneity of reporting across studies to enable reporting
by GMFCS level, which was our original intended strategy.

Levels of evidence and ICF

High levels of evidence existed in the literature summariz-
ing interventions for children with CP (Table I). Of the
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Grade of evidence

Traffic alert action
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Probably do it
Probably don't do it
Don'tdo it outcomes to determine

Green = Go: Effective, therefore do it

Yellow = Measure: Uncertain effect,
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if progress is made
Red = Stop: Ineffective, therefore don't do it

Figure 1: Relationship between the GRADE and Traffic Light System.
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Figure 2: Flow diagram of included articles.
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166 included studies, the breakdown by level of evidence
as rated on the Oxford Levels of Evidence was level 1
(n=124), 74%; level 2 (n=30), 18%; level 3 (n=6), 4%; and
level 4 (n=6), 4%.

When the included articles were tallied in 5-year inter-
vals by publication date, it was clear that the number of
systematic reviews published about CP intervention had
exponentially increased in recent years (Fig. 3).

Almost none (2 of 166) of the systematic reviews
retrieved graded the body of evidence summarized using
the GRADE system. We therefore carried out assignment
of GRADE:s using the recommended expert panel method-
ology. Using the GRADE system, of the 64 different CP
interventions reviewed across 131 intervention outcomes
16% of outcomes assessed (n=21) were graded ‘do it’ (i.e.
green light, go interventions); 58% (#=76) were graded
‘probably do it’ (i.e. yellow light, measure outcomes); 20%
(n=26) were graded ‘probably do not do it’ (i.e. yellow
light, measure outcomes; see Fig. 1); and 6% (n=8) were
graded ‘do not do it’ (i.e. red light, stop interventions; see
Fig. 1). In line with the appraisal criteria for this review,
occupational therapy, physiotherapy, and medicine were
the disciplines that encompassed the highest number of
proven effective interventions for CP within their evidence
base, which is not surprising given the long historical
research emphasis on redressing the physical aspects of
CP. In the fields of psychology, speech pathology, social
work, and education, the evidence base for all interventions
reviewed was lower level or inconclusive (yellow), but, in
keeping with interdisciplinary care, psychologists and social
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Figure 3: Number of published cerebral palsy intervention systematic
reviews.

workers applied high-level evidence from other diagnostic
groups (e.g. bimanual, cognitive behaviour therapy, coun-
selling, Triple P*’). In the field of speech pathology, it is
worth noting that it is difficult to conduct studies of aug-
mentative and alternative communication (AAC) using
conventional rigorous methodologies because included par-
ticipants often have different disability types and, accord-
ingly, differing levels of expressive, receptive, and social
communication abilities. AAC interventions require multi-
factorial measurement because effective device utilization
relies on changes in all of these domains from best-practice
speech, language, and teaching strategies and from chang-
ing the mode of communication. Thus, adequately measur-
ing and attributing interventions effects to each component
of these integrated treatment approaches remains challeng-
ing. Amongst the alternative and complementary medicine
interventions offered by some clinicians, the findings were
of even poorer quality, because an even greater proportion
of the interventions were proven ineffective. However, the
real rate of ineffective alternative and complementary inter-
ventions may be even higher as so many had to be
excluded from this review as a result of the lack of any
published peer-reviewed literature about the approaches
(e.g. advanced biomechanical rehabilitation).

Each intervention was coded using the ICF by the inter-
vention’s desired outcome. Out of the 131 intervention
outcomes for children with CP identified in this study,
n=66 (51%) were aimed at the body structures and func-
tion level; n=39 (30%) were aimed at the activity level; n=7
(5%) were aimed at the participation level; #=8 (6%) were
aimed at the environment level; and the remaining #=11
(8%) were aimed at combinations of ICF levels.

Green light go interventions

In the papers retrieved, the following CP interventions
were shown to be effective: (1) botulinum toxin (BoNT),
diazepam, and selective dorsal rhizotomy for reducing
muscle spasticity; (2) casting for improving and maintain-

ing ankle range of motion; (3) hip surveillance for main-
taining hip joint integrity; (4) constraint-induced
movement therapy, bimanual training, context-focused
therapy, goal-directed/functional training, occupational
therapy following BoNT, and home programmes for
improving motor activity performance and/or self-care; (5)
fitness training for improving fitness; (6) bisphosphonates
for improving bone density; (7) pressure care for reducing
the risk of pressure ulcers; and (8) anticonvulsants for
managing seizures (despite no CP-specific anticonvulsant
evidence existing, the panel rated the strength of the rec-
ommendation as strong plus (do it) because good-quality
evidence supports anticonvulsants in non-CP popula-
tions,'”! and serious harm, even death, can arise from no
treatment).

Green light effective interventions were mapped against
the ICF by the outcomes that had been measured in the
literature and the corresponding traffic light code was
applied (Table II). First, Table II shows that green-light
effective interventions were all aimed at either the body
structures and function level or the activities levels on the
ICF. The conspicuous finding here was that there were no
proven effective interventions for addressing the participa-
tion, environment, or personal factors levels of the ICF,
even though these are philosophical priorities. Second,
Table II shows that when effective body structures and
functions interventions were measured for an effect at the
activities level (all of the time) evidence of effect was either
lower level or inconclusive and, therefore, was coded yel-
low light. In other words, the positive effects of body
structure interventions did not translate ‘upstream’ to the
activities level. This finding seems to suggest that you ‘get
what you give’. This finding has, however, an alternative
interpretation — we do not yet know if body structures and
functions intervention improves outcomes at the activities
level because of the measurement artefact created by ran-
domized trials only being powered to detect change in one
primary end-point. Third, Table II shows that green light
activity-level interventions were effective at the activities
level of the ICF, but minimal measurement had been
undertaken to illuminate whether or not there was also any
translation of impact ‘downstream’ to the body structures
and functions level.

Yellow light measure outcomes interventions

A high proportion (70%) of the CP interventions within
clinical care had either lower-level evidence supporting
their effectiveness or inconclusive evidence, including acu-
puncture; alcohol (intramuscular injections for spasticity
reduction); AAC; animal-assisted therapy; assistive technol-
ogy; baclofen (oral); behaviour therapy and coaching;
cognitive behaviour therapy; communication training;
conductive education; counselling; oral dantrolene; dyspha-
gia management; early intervention (for motor out-
comes); electrical stimulation; fundoplication; gastrostomy;
hand surgery; hip surgery; hippotherapy; hydrotherapy;

intrathecal ~baclofen; massage; orthoses; oral-motor
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Table II: Green light interventions (and their other indications) by level of ICF

ICF level

Body
structures
and

Intervention function

Personal

Activity Participation Environment factors

Body structures and function interventions
1. Anticonvulsants
. Botulinum toxin
. Bisphosphonates
. Casting (ankle)
. Diazepam
. Fitness training
. Hip surveillance
. Pressure care
. Selective dorsal rhizotomy
Activities interventions
10. Bimanual training
11. Constraint-induced movement therapy
12. Context-focused therapy
13. Goal-directed training/functional training
14. Home programmes
15. Occupational therapy post botulinum toxin
(upper limb)
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G=green intervention when aimed at this level of the International Classification of Functioning, Disability and Health (ICF); Y=yellow

intervention when aimed at this level of the ICF.

therapy; orthopaedic surgery; parent training; phenol
(intramuscular injections); play therapy; respite; seating and
positioning; sensory processing; single-event multilevel sur-
gery; social stories; solution-focused brief therapy; strength
training; stretching; therasuits; oral tizanidine; treadmill
training; oral vitamin D; Vojta; and whole-body vibration.
It is important to note that cognitive-behavioural ther-
apy,'”> 1% early intervention,'”*'*® parent training,*’°
and solution-focused brief therapy'® all have good-quality
supporting evidence in non-CP populations. It is also
important to note that oral-motor therapy””” and sensory
processing?®! have equivocal evidence in non-CP popula-
tions for which they were designed, and so there is no
strong or compelling reason to think either intervention
would work better in CP. Of note, there was great variabil-
ity in the volume and quality of the evidence available at
the yellow-light level. For example, some intervention evi-
dence bases were downgraded to low quality, as per the
GRADE guidelines for dealing with imperfect randomized
controlled trials (e.g. hippotherapy and biofeedback). How-
ever, for some interventions simply next to no evidence has
been published and what has been published involves
very small numbers and is of low quality (e.g. whole-body
vibration).

The yellow-light included reviews that could not dem-
onstrate robust evidence of effectiveness when strict sys-
tematic review criteria about design quality, adequate
sample size, and independent replication were used to
judge the evidence. Yellow-light reviews contained only
marginal amounts of good-quality evidence when criteria
were applied to reduce the possibility of biases explaining
the proposed treatment benefits. Most yellow-light system-
atic review authors commented upon the low quality of the

16  Developmental Medicine & Child Neurology 2013

designs used, serious methodological flaws, the relevance
and sensitivity of the outcomes measures adopted, the diffi-
culty in assembling large homogeneous samples for niche
interventions, and most authors concluded that more rigor-
ous research was needed.

Red light stop interventions

Craniosacral therapy, hip bracing, hyperbaric oxygen,
NDT, and sensory integration have all been shown to be
ineffective in children with CP, and are therefore not rec-
ommended for standard care. Appropriately, effective alter-
natives exist that seek to provide the same clinical outcome
of interest.

To assist with comparative clinical decision-making
amongst intervention options for the same desired out-
come, we mapped the interventions that seek to provide
analogous outcomes using bubble charts. In the bubble
charts, the size of the circle correlated to the volume of
published evidence. The circle size was calculated using (1)
the number of published papers on the topic; and (2) the
total score for the level of evidence (calculated by reverse
coding of the Oxford Levels of Evidence, i.e. expert opin-
ion=1, randomized controlled trial [RCT]=5). The location
of the circle on the y-axis of the graph corresponds to the
GRADE system rating. The colour of the circle correlates
to the Evidence Alert System (Fig. 4).

DISCUSSION

High levels of evidence existed in the literature summarizing
intervention options for children with CP. Akin to other
fields of medicine and allied health, there has been an expo-
nential increase in the number of systematic reviews pub-
lished about CP intervention® revealing the emergence of
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highly effective prevention interventions.'®*'®” There is no
reason to think that this trend may decline. This finding has
important implications for managers, knowledge brokers,
and clinicians about finding effective and efficient ways for
health professionals to remain up to date with the latest
practice. Best available knowledge translation evidence sug-
gests that managers and senior clinical mentors can help
staff maintain up-to-date knowledge via interactive evi-
dence-based practice continuing education sessions and
journal clubs, but multiple tailored strategies will be
required to change their use of evidence.?’? This systematic
review could form the basis of policy, educational, and
knowledge translation material because it is a comprehensive
summary of the evidence base.

Recommendations for practice

Based upon the best available evidence, standard care for
children with CP should include the following suite of
interventions options (where the interventions would
address the family’s goals): (1) casting for improving ankle
range of motion for weight bearing and/or walking; (2) hip
surveillance for maintaining hip joint integrity; (3) biman-
ual training, constraint-induced movement therapy, con-
text-focused therapy, goal-directed/functional training,
and/or home programmes for improving motor activities
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or self-care function; (4) BoNT, diazepam, or selective
dorsal rhizotomy for spasticity management; (5) fitness
training for aerobic fitness; (6) pressure care for reducing
the risk of ulcers; (7) bisphosphonates for improving bone
mineral density; and (8) anticonvulsants for managing sei-
zures. When delivering interventions to children with CP,
it is paramount that clinicians choose evidence-based inter-
ventions at the activities and participation level that hone
the child’s strengths and reflect their interests and motiva-
tions, and ultimately seek to help children live an inclusive
and contented life. However, when choosing interventions
at the body structure and functions level, the primary pur-
pose is to mitigate the natural history of CP (such as hip
dislocation) and the probable physical decline from second-
ary impairments,''® rather than trying to fix the condition.
We must also remain mindful that conflicts can arise
between what families hope for and what the evidence sug-
gests will be helpful or is realistically possible.”** Part of
being truly family centred is to act as an information
resource to the family, which will include honest and open
disclosure about prognosis using evidence-based tools to
guide these difficult conversations.’”® Similarly, designing
services based upon goals set by the family®*** is best prac-
tice and can also help to set the scene for discussing what
is realistic and possible from intervention.



Going forward, systematic and disciplined use of out-
come measures within all specialties is required for
generating new evidence and confirming treatment effects
of commonly used interventions. Routine outcome
measurement is especially important when yellow-light
interventions are being applied, and could circumnavigate
some of the genuine research barriers including low avail-
ability of research funds and difficulties in assembling large
homogenous samples. This recommendation is particularly
vital for the fields of speech pathology, social work, and
psychology that provide key services to children with CP,
without strong evidence, as of yet, to support their prac-
tice. These professions have been overshadowed in the CP
research arena untl recently, when the field stopped solely
redressing physical impairments and started to look further
afield to engendering outcomes in well-being and partici-
pation. In addition, systematic and disciplined use of out-
come measures is also needed when prescribing assistive
technology and assistive devices (such as wheelchairs, walk-
ing frames, and communication devices) for children with
CP, because devices form a large part of standard care. To
date, specialized equipment and technology has been vastly
under-researched, probably because the benefits are easily
observable (such as independent mobility) and the studies
are expensive to conduct; however, in light of device aban-
donment issues and associated costs, extensive efficacy
research is warranted at both an individual and a popula-
tion level. Moreover, prescribing assistive technology with
a specialized appearance (such as orthotics, suits, comput-
erized devices, robotics) may well elevate expectations of
good outcomes and give rise to an overinflated perception
of high-quality expert care. Thus, it is essential to know if
the interventions are working, so as to prevent device
abandonment, false hopes, and unnecessary effort.

When yellow-light interventions are used, it is imperative
that clinicians utilize a sufficiently sensitive outcome mea-
sure to confirm whether or not the intervention is working
and if it is helping the child achieve their family’s goals. The
Canadian Occupational Performance Measure (COPM) and
Goal Attainment Scaling (GAS)****** have been widely
adopted in the literature for assessing goal achievement
because they are valid, reliable, sensitive to change, and clin-
ically affordable. Moreover, both measures work well within
the family-centred approach because they encourage family-
led goal setting and facilitate individualization, which is
important for such a heterogeneous condition as CP. For
yellow-light interventions, in addition to measuring whether
goals are achieved, it may be desirable to measure if the
intervention is actually achieving what it purports to do for
each individual. Systematic individual outcome measure-
ment, conducted at a population level with data aggregation,
would introduce the possibility of rapidly expanding the
evidence base amongst this heterogeneous population.

Parents, young people, and doctors have identified eight
consensus measurement domains, important for assessing
the impact of a CP intervention, that span the ICF levels.*”’
We identified systematic reviews that provided measurement

recommendations for evaluating these eight domains in a
way that was sensitive to change. The first of these eight
domains is impairment, which can be subdivided into (1)
spasticity, measured using the Modified Tardieu Scale’®*
and (2) fine motor, measured using the Melbourne Assess-
ment of Unilateral Upper Limb Function'' and the Quality
of Upper Extremity Skills Test."' The second domain is
general health. Valid and reliable instruments exist regarding
general health in the literature, but less is understood about
whether these measures are sensitive to change in CP, and
therefore no recommendations are made at this juncture.
Third is the gross motor skills domain, measured using the
Gross Motor Function Measure.”*?°*?%7 The fourth domain
is self-care/fine motor skills, which can be subdivided into
(a) self-care, measured using the Paediatric Evaluation of
Disability Inventory’®® and the Activities Scale for
Kids?*% and (b) fine motor, measured using the Assisting
Hand Assessment for activities performance measurement.'!
Fifth is the speech/communication domain, measured using
GAS.?*” The sixth domain is integration/participation which
can be measured using the COPM or GAS?™ (note that
other domain-specific measures exist such as the LIFE-H,
but this does not have adequate sensitivity to detect change).
Finally, regarding both the seventh domain, quality of life,
and the eighth domain, caregiver instruments, valid and reli-
able instruments exist in the literature, but less is understood
about whether these measures are sensitive to change, and
therefore recommendations for use are not made at this
juncture.

In line with the principles of evidence-based care and as
a cost-saving measure, it is highly recommended that cra-
niosacral therapy, hip bracing, hyperbaric oxygen, neurode-
velopmental therapy, and sensory integration should all be
discontinued from CP care. Interestingly, these ineffective
interventions for the most part are founded upon out-dated
neurological theories about CP. For example, hyperbaric
oxygen as a treatment for CP was based on the now dis-
proven assumption that all CP arises from a lack of oxygen
during birth (true for only 5-10% of cases'”’) and that
increased oxygenation ought to help repair brain function.
Neurodevelopmental therapy sought to reduce hyper-ref-
lexia by repositioning the limb on stretch, providing a local
pattern-breaking effect mimicking spasticity reduction, but
we now know (1) that local effects do not translate to a
reduction in centrally driven spasticity long term?®'’; and
(2) that no substantive evidence exists to support the idea
that inhibition of primitive reflex patterns promotes motor
development.'? Likewise, ‘bottom-up’ approaches, in which
children’s underlying motor deficits are treated with the
aim of preparing them for function (such as neurodevelop-
mental therapy and sensory integration) were commend-
able pursuits when originally invented but disappointingly
have little carryover into functional activities.

Over a decade ago, CP research experts'? and systematic
review authors called for ‘concerted efforts to investigate
other therapy approaches that may prove more clearly
beneficial’.'* These therapy experts were referring to
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performance-based or ‘top-down’ approaches based on
motor learning theory, in which interventions focus
directly on specific task training in activities of interest and
are not concerned with underlying impairments in body
structures and function.””" This visionary advice, in con-
cert with the researchers who rigorously tested their theo-
ries, has transformed CP rehabilitation in recent years.
The majority of the ‘do it’ or green-light effective CP
therapy evidence generated in the last 10 years are in fact
top-down therapy approaches, aimed at improving activi-
ties performance and inducing neuroplasticity, and include
bimanual training, constraint-induced movement therapy,
context-focused therapy, goal-directed/functional training,
occupational therapy after toxin, and home programmes.
Consistent with the theoretical underpinnings, research has
not focused on whether these top-down approaches had a
positive effect at the body structures and function level of
the ICF (Table II).

Given the sudden increase in new effective treatment
options available, it is essential that the field widely
embraces and implements these interventions in order to
ensure that children with CP achieve the best possible out-
comes. Adoption of evidence-based practice also involves
the difficult task of getting clinicians to stop providing
ineffective treatments that they ‘love’.*!" It has been sug-
gested that the field requires professionals ‘who want to do
the best they can for their patients, who are willing to con-
tinually question their own managements, and who have
readily available sources of information about what does
work’.?!! Our present systematic review seeks to provide
the CP field with a comprehensive overview about what
works for children with CP and what does not (Fig. 4).
Based on best available evidence, the challenge now is for
the field to stop permissive endorsement of proven ineffec-
tive interventions on the basis of perceived low risk and
clinical expertise. This recommendation includes ceasing
provision of the ever-popular NDT. This is because ND'T
has been a mainstay physiotherapy and occupational ther-
apy treatment for many years, but for the most part, the
evidence base is unfavourable. Of note, contemporary
NDT therapists eclectically include additional evidence-
based treatment approaches under the NDT banner (e.g.
motor learning and the philosophy of family-centred prac-
tice), and it is difficult to distil which treatment approaches
are being used with fidelity and what features of the treat-
ment are actually working.

Nevertheless, three systematic reviews have been con-
ducted of traditional NDT,"*'* including 18 discrete
RCTs: 15 measuring efficacy and three measuring optimal
dose. Of the 15 RCTs measuring NDT efficacy, 12 trials
(studying 674 children) found no statistically favourable
benefits from NDT; these trials were of varying quality
(high, moderate, and low), whereas three trials (studying
38 children) showed improvements in body structures and
functions such as gait parameters, spirometry, and mile-
stone acquisition. The three favourable trials were all at
high risk of bias when assessed using the Cochrane criteria,
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including small sample sizes (#<16) and extremely low
methodological quality such as a lack of blinding, inten-
tion-to-treat analysis, concealed allocation, etc. In the three
NDT dosing RCTs, two studies (studying #=96 children)
found no difference between intense or regular NDT,
whereas one more recent study, by Tsorlakis’'? (n=34),
showed favourable outcomes from higher-intensity NDT
over lower-intensity NDT. The most recent NDT system-
atic review'” cited the Tsorlakis®'? RCT as the sole high-
level evidence for NDT being favourable, excluding older
evidence and thus all the unfavourable ND'T RCTs. Since
this is not a standard systematic review methodology for
providing proof of efficacy, the results of this systematic
review' ™ should be interpreted with caution. The differ-
ence in inclusion criteria between the systematic reviews
explains why the newer systematic review'® suggests a
more favourable benefit from NDT than the earlier sys-
tematic reviews that concluded ineffectiveness.'*""'**

In order to determine the strength of recommendation,
the panel weighed up the balance of benefits and harms from
NDT and concluded that there was strong evidence that
NDT does not improve contracture and tone, along with
weak evidence that NDT does not improve function. This
was because, first, when the methodological quality of the
evidence base was considered, the highest quality evidence
suggested ND'T was ineffective, with only low-quality, high
risk of bias studies finding a favourable benefit from NDT.
Second, the importance of the outcome that NDT aims to
prevent was considered: (1) regarding contracture, which is
painful and can limit function, high-quality RCTs showed
that casting was a superior treatment to NDT for contrac-
ture management and therefore the panel favoured casting;
(2) regarding tone reduction, the highest quality evidence
suggested that NDT was ineffective for this indication and
other evidence shows BoNT exists as a highly effective alter-
native and therefore the panel favoured BoNT or other
effective pharmacological agents. Third, the magnitude and
precision of treatment effect was considered: only 3 out of
15 trials found any benefit of NDT, and in these studies the
treatment effects were small with very low precision esti-
mates as a result of methodological flaws. Fourth, the bur-
dens and costs of the therapy were considered: NDT is
time-consuming and expensive for families, and, what is
more, a high-quality RCT shows that substantially better
functional motor gains are achieved from motor learning
than from NDT at equal doses.’’* Therefore, despite the
evidence being less well understood for the likelihood of
NDT influencing functional motor gains (yellow light), the
panel favoured motor learning since superior gains were
possible from an equal dose. Furthermore, since no other
body structure and function intervention in this review
showed gains beyond the body structure and function level
up into the activity level, it is hard to imagine why NDT
would be the exception to this trend.

In summary, high-quality evidence demonstrates that
casting is superior to NDT for managing contracture;
BoNT exists as a highly effective alternative to NDT for



managing tone since ND'T is ineffective for this indication;
and despite less being known about whether NDT
improves function, high-quality evidence indicates that
motor leaning is superior to NDT for improving function.
Consequently, there are no circumstances where any of the
aims of NDT could not be achieved by a more effective
treatment. Thus, on the grounds of wanting to do the best
for children with CP, it is hard to rationalize a continued
place for traditional NDT within clinical care.

Recommendations for research

In future, systematic review authors should assign a GRADE
to the body of evidence summarized, to enable clinicians to
more quickly interpret the findings of the review for clinical
practice. For the motor learning interventions that were
‘green light’, researchers have repeatedly called for future
investigations to determine optimal dosing, to better assess
the widely held belief that ‘more is better’. Understanding
optimal intensity of therapy is important for maximizing
outcomes, accurately costing services, and offering family-
friendly, achievable interventions. For all the green-light
interventions, additional studies that evaluate long-term out-
comes are necessary. First, because families of children with
CP have life-long caregiving responsibilities, an understand-
ing the impact of these time-intensive and expensive inter-
ventions would help with expectation management and
planning for lifetime care. Second, it is unknown if some
interventions continue to add an incremental benefit when
used repeatedly over years or whether the gains are one-off
and short term only. Long-term outcome data are essential
for costing and optimizing the outcomes of children with
CP.

For the yellow-light interventions with lower-quality evi-
dence or a paucity of research to support effectiveness, rec-
ommendations for research include the use of individual
patient meta-analyses to accelerate data aggregation; collab-
orations that strategize multicentre data collection to over-
come sample size barriers; and the use of CP registries and
single-system designs if RCTs are deemed impossible or
ethically undesirable to conduct. Use of these research
methodologies is advisable and appropriate across all disci-
plines but would have particular value if applied to the disci-
plines of orthopaedic surgery, speech pathology,”'*?'® and
social work, in order to better substantiate the important
contributions these clinicians make to CP care. The CP field
would also benefit from social workers and psychologists
confirming the assumed benefits of proven interventions
from non-CP populations amongst children with CP.

When the whole evidence base was viewed from a global
perspective, there was a startling lack of interventions
available to improve children’s participation within their
community. Given that this has been identified by many of
the systematic review authors as a priority area for inter-
vention, more research designed to measure the effects
of participation interventions and funds dedicated to this
end is urgently needed. Furthermore, until participation-
specific measures with sensitivity to change have been

developed, researchers need to measure the effects of par-
ticipation intervention using GAS or the COPM.

Study limitations

All systematic reviews are prone to publication bias from
the included trial data; therefore, this systematic review of
systematic reviews may incorporate this inherent bias.
There is also no guarantee that absolutely all relevant sys-
tematic reviews were retrieved, despite the thorough search
strategy. Publication bias, however, is unlikely to be more
of a problem when identifying systematic reviews than
when identifying clinical trials. Moreover, conducting a
systematic review of systematic reviews is a study limitation
in its own right because the method does not create any
information that was not already available. Furthermore,
using a high-level synthesis helicopter view means that spe-
cific intervention details about how the intervention took
place, who benefitted from the intervention, and for how
long the intervention was carried out for were not
reported; clinicians would need to turn to the included
papers to obtain this information. In its place we hope that
the knowledge synthesis will help to bridge the gap
between research and practice by providing comparisons of
varying interventions to aid decision making.

CONCLUSION

In conclusion, we found compelling evidence from sys-
tematic reviews to suggest that the following interventions
are effective at the body structures and function level
alone: anticonvulsants, ankle casting, BoNT, bisphospho-
nates, diazepam, fitness training, hip surveillance, pressure
care, and selective dorsal rhizotomy. We also found com-
pelling evidence from systematic reviews to suggest that
the following interventions improve function at the activi-
ties level: bimanual training, constraint-induced movement
therapy, context-focused therapy, goal-directed/functional
training, home programmes, and occupational therapy
after BoNT. No interventions were shown to work con-
clusively at more than one level of the ICF. Therefore, if
a body structures and function outcome is desired, the
intervention must be selected from the suite of evidence-
based body structures and function interventions. Con-
versely, if an activities-level outcome is sought, top-down
learning interventions, acting at the activities level, must
be applied.

The lack of certain efficacy evidence for large propor-
tions of the interventions in use within standard care is a
problem for people with CP, healthcare providers, purchas-
ers of healthcare, and funders. More research using rigor-
ous designs is urgently needed as CP is the most common
physical disability of childhood with a life-long impact.'”®

SUPPORTING INFORMATION
Additional Supporting Information may be found in the online
version of this article:

Table SI: Search strategy.
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