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ABBREVIATIONS
AACPDM "American Academy of Cerebral Palsy ahelvelopmental Medicine

CIMT Constraintinduced movement therapy

GAME Goals Activity andMotor Enrichment

GRADE Grading of Recommendations Assessment, Development and Evaluation
ICF International Classification of Functioning, Disability and Health

NDT Neurodevelopmental therapy

RCT Randomized controlled trial

TIDieR Template for Intervention Description and Replication

[Abstract]

AlIM To systematically review the evidence on the effectiveness of motor interventions for
infantsfrom birth to2 yearswith a diagnosisf cerebral palsyr at high risk oft.

METHOD Relevant literature was identified by searching journal article dataliases!éd,
Embase, CINAHL, Cochrane, Web of Knowledge, and PEBelection criteria included
infants between the ages of bigthd2 yearsdiagnosed withgr at riskof, cerebral palsy who
received early motor intervention.

RESUL TS Thirty-four studies met the inclusion criteria, including 10 rani@edhcontrolled
trials. Studies varied in quality, interventiord participaninclusion

criteria Neurodevelopmental therapy was the most common intervantiestigateceither
as the experimental or control assignm&he twointerventiors that had a moderatelsbge
effect on motoroutcomes (Cohemfect size>0.7) had the common themes dfild-
initiated mevement, environment modification/enrichment, tasspecific training.
INTERPRETATION The published evidender early motor intervention is limited ke
lack of highquality trials. There isomepromisingevidence that earlytervention
incorporating childnitiated movement (based on motor-learning principles and task
specificity), parentaéducation, and environment modification have a positive effect on

motor development.U¥ther research is crucial.
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What this paper adds

e Updated review ogarly motorintervention studies of infantgith CPfound evidence of
efficacy was weak

e Promisingapproachesivolve childinitiated movement, task specificjtsgnd

environmental modification.

[Main text]
Cerebrapalsy(CP) is the most common physical disability of childhaoth aworldwide
prevalence of 2.1 per 1000 live birth§he impairments of CP always involve motor
function, while cognitive and sensory impairments often co-occur. By definition, G® star
early in infancy because of a lesion or injury to the developing beaid,it is generally
accepted that targeted intervention for children with CP should start early, irritiae qde
rapid neural.developmeff

Lesions of either the brain or spinal cord during fetal and neonatal develapaent
dramatically-alter théormation and function of sensorimotor pathways, depending on the
extent, locatiofand timing of the lesiorsLack of movement and reduced neural drive in
sensorimotorpathways can negatively impact neural circuit development and skill
acquisitionywheras normal activity provides a substrate for circuit refinement and
plasticity.® " Evidence now exists that the corticospinal system, a major circuitry for skilled
motor behaviours, is already active and shaping spinal circuits by the late prenatabpe

that these dynamics are derailed by pren&giostnatal insult& Therapeutic interventions
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that motivate movement are potential substrates for driving these circuitg their most
dynamic phase of plasticifi?

Therapeutic interventions fahildren with CP broadly encompass the breadth of the
International Classification of Functioning, Disability and He@l@F). Interventioraims to
address'body-function/structure deficits, miizieactivity limitations and improve functional
skills, and/encourage participation in a@propriate settingsn the earlyyears intervention
focuses onthe promotion of milestone attainment across all affected developmental domains.
Motor interventions targeting fine and gross motor skills are often initiatedfants atrisk
of, or diagnosed withCP.

Knowledge about effective motor interventionslder children with CP has
increasedidringthe st 10years(Novak et af) with high4evel evidence available
particularly for Gppetimb motor intervention® Althoughsystematic reviews about the
effectiveness of a variety of motor interventions for older children with CP abowstl, m
reviews of motor interventions are regtecificallyof young infants and toddlers with CP.
Rather they report on heterogeneous groupsabfisk infants,and results reported to date
show very limited effect. The systematic review and raet@yses bpittieet al™*
suppotedtheideathat early interventioprogramme improve the cognitive outcomes of
pretermiinfantshowever ary advantages in motor outcomesraveninimal andverenot
sustained intosthe schoptars An earlier review of the effects of early intervention on motor
development of highisk infants reported mixed resultgith very few studies reporting
benefits of the experimental interventiBrinfants included in theeview were at various
levels of risk of developmental delay, with most individual study samples including infants
with typical outcomes. Only of the 34 included studies this reviewwere confirmed
samples of infants with CP.

Since children with CP reach 90% of their gross motor potentiagbg, with most
potential.achievéd ithe first 2years™ currentevidence summaries specifically for infants
and toddlers'with CP are important for clinicians in order to provide effective motor
interventions=Previous studies with wide age ranges of children with CP do nti help
determine.the specific effects fmfants under ¥earsof age who may be included in the
sample. Givenhat the firs yearsare regarded as a critical period for development of the
corticospinal tragtactivity-based interventions during this periddre vital for optinizing
outcomes.

To date there has been no systematic review of the effectiveness of early motor

interventions with inclusion criteria limited to infants at the highest risk of CP or with a
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diagnosis of CPWith increasing use of sensitive tools includinggnetic resonanémaging
and the General Movements Assessment, earlier identification of those withn@P andat
the highest risk oit is now possiblé® The aim of this systematic review is to evaluate the
evidence for the effectiveness of toointerventions for infants aged 0 tgy@arswith CP or

at very highrrisk of it.

METHOD

Sear ch strategy

The method, used was a systematic review with reporting according poetferred reporting
items for systematic reviews and metalyses statemettA search of six databases
(PubMed ,Embase CINAHL, Cochrane, Web of Knowledge, and PEDro) was conducted by
two authors (CM and RJ). Dates included were 1980 to December 2014. No limit was placed
on article type. Index terms and keywords included cerebral palsy; hypoxic ischemic
encephalopathy; hemiplegia; physical therapy; occupational therapy; exemisnent
therapy; motor training, neurodevelopmental therapy; treatment outcome; gaijeand a
groups. All.relevant systematic reviews were manually searched. A second search was
completed in ‘August 2015; of the 211 sagdidentified in this search, twoet the eligibility
criteria and were include&ee ApendixS1 (online supporting informatiorfpr search terms
by database.

Selection criteria

Selection criteria includedl) infants between the ages of birti2tgearsdiagnosd with CP

or at riskof it, with ‘at high risk defined as absent fidgety movements on the General
Movements AssessmeHtor positive brain imaging, or diagnosed hypoischemic
encephalopathy(2) those infantsvho received early motor intervention; and (3) an outcome
assessment.of motor skills/démement. Motor intervention is defined as a therapeutic
interventionwithy motor development or skills as one primary outcome. Studies of mgxed a
groups weresincluded if data of participants aged 0 to 24 muamiesreported separately
within the publicationExclusion criteria were articles where the primary intervention was

medical, pharmaceutical, or surgioad where the article was not in English

Selection of studies, data extraction, and quality ratings
Three pairs ofeviewers completed study selection, appraisal of study validity, and data

extraction. Reviewers scored all steps independently after reliability was determined for each
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pair and each step. The inclusion of studies was completed from the title and abstract
when necessaryrom the full text article. Disagreements were resolved by the pairsfand
necessary, brought to the larger group for resolution. Study validity was appraised using 17
questions for group designs based on Saekett,® PEDrg*® American Academy of
CerebralFPalsyrand Developmental Medicine (AACPDM) Systematic Review
Methodology-°® Fetters and Tilsafi and 14 questions fainglesubjectdesigns developed

by the AACPDM.Questions included in the rating scales for the different study designs can
be found in Appendices S2 and @8line supporting informationptudy designs were
appraised and,assigned a level of design rigee(l, most rigorous, ttevel V, least

rigorous) agcording to criteria from the AACPDM Systematic Review Method®logy
separatelysfor group (Appends4, online supporting informatigrand single-subject
(AppendixS5, online supporting informatigrdesigns. Data extraction was completed using
a form that was designed and pilot tested by the authors before establishiilitydta the

data extraction process (Append online supporting informatignAuthors were

contacted for additional information ascessary for complete and uniform data extraction

across studies:

Data analysis

Characteristies of the interventions in the included studies were dageaccording to all
outcomes across the domains of HBE. A descriptive summary of the results of the
individual studies was compiled for all outcomes. For motor outcomes, we computed the
effect size"(Cohes d)* for each of théevel Il and IIl studiesat all time pointdor the

primary motor measurd he effect size expresses the magnitude of the effect of the
intervention regardless of statistical significan€ehensuggestsl=0.2 is a smaléffect 0.5

is a medium effectand 0.8 is a largeffect sizeThe quality and strength of recommendation
of the entire.body of evidence was evaluated using the Grading of Recommendations
AssessmentyDevelopment and Evaluaf@RADE) systent

RESULTS

The results ofithe searaimd extraction of studies are included in Figure 1. A total of 4343
articleswere identifiedwith 3196 remaining after duplicates were removeatty-eight
conference abstracts without articles were removed. There were 2887 eliticieated
including narrative reviews and opinion piedesm title and abstia review with the

remainder of 225 articlediminated aftefull text review.A total of 36 articles representing
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34 studies wreincluded in this systematic revie®tudies where dataesereported in more
than one publication were considered single st.fdiés.

Tables SI andSll (online supporting informatiorgontain the characteristics of all
included studies. These 34 studies includedah@omized contrted trials (RCTSs), 4 cohort,
10 singlesubject desigrand 10 case studies or case series desidnese were ntevell, 10
levelll, 1 levelIll; 13 level IV, and 10evel V studies (TableSI and Sl). Appraisal scores
ranged from 3/17015/17) for group studies (Appendsd) and 4/14 to 11/14 for single-
subject designs (Append85).

Considerecollectively using GRADE methodologthe body of evidence was
graded as'low gualit§?

Level Il andTlI"included studies
A total of 379 infants participated in the E¥el 1l studies, with sample sizes ranging from
10°® to 105° participants. Thsingle level Il study? included a further 23 infants with CP
for a total of 402 participants in level 1l and $iiludies. The median sample size across all
level Il andlil.studies was 26.

Six ‘of the studied®>3 stared intervention during the first 4 montblife with

infants athigh'fisk of CP, and the remaining four std8fés**

enrolled participants who

were at least.2@onths of age and with a confirmed diagnosis of CP. Only one*8haty a
diverse 'age group and enrolled children betw&months and Zearswith a formal

diagnosis of CPThe rate of confirmed diagnosis of CP at the final assessment point ranged
from 22% ‘Hielkemaet al?*) to 77% (Morgaret al*?). One study did not report the number

of infants with CPas infantsvere only 6 months corrected age at the conclusion of the
study®?

Both duration and intensity of intervention were variable across the studies. Duration
of intervention.ranged from®eeks* to 12 month§®°***3ntensity of intervention ranged
from monthly*heme visits over 12 months intensive inpatient rehabilitation provided
6 days perweek for eeks* Most studies providedieekly or fortnightly sessions.

Neurodevelopmental therapMDT) was the most commonly stedi intervention
either as thé'experimental or control assignment. Four sttitfi@s® compared NDWwith
another intervention, and one compared NDT plus electrical stimulation with ND&>a
One stud$? comparedwo different intensities of NDTand one studycompared early NDT
with late NDT. One study’ compared a curriculushased early intervention programme

(Curriculum and Monitoring System) with standard cared one stud§ compared an early
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intervention programmbased on the Neurobehavioral Assessment Scale with standard care.
The study by Campbedit al**compared a kicking and treadmill intervention with standard
care and the study by Morgaet al*>compared an envirorental enrichment intervention,
‘Goals Activity andMotor Enrichment'(GAME), with standard care.

The interventions described within the studies were diverse andfaudted.Table |
lists the camponents of the interventions as described ievgHl, 11, and IV studies, and
categorizegshem according to the ICF. The components are defined in the legend of the table,
and were identified by descriptions of the intervention within each paper, and author group
consensus _of the appropriate classification in the table. The most frequstatdycbhmponent
was parent,education, listed8rout of thelllevelll/lll studies.No studies listed a
componentthat could be classified at the ICF participddosil.

Outcomes were assessed actbesother domains of the ICWwjth measures of
activity most commonly assessed. All studies evaluated motor outcomes buntliffere
measures were used. The psychomotor scales of the Bayley Scales of Infant Development
were usediin three studigs®®*3A further three studiessad thecriterionreferenced Gross
Motor Fungtion.Measure as the motor meadtité*The Alberta Infant Motor Scale and the
Peabody Developmental Motor Scales were each reported in two StUH#BS° The
Griffiths Developmental Assessment and the Infant Motor Profile were each used in one
study?*?° Fivesstudies assessed infant cognition using either the Bayley Scales of Infant
Developmenbr the Griffiths Developmental Assessmé&tt2°3°*3Goalsetting tools,
including the Canadian Occupational Performance Meas@r only used in one studfy,
and one study usedthe Pediatric Evaluation of Disability Inventoiy evaluate child
functional ability:

Measures of contextual factors were included in &udies?’***?**Two studie§"*
assessed the quality of the home environment using the Home Observation Measurement of

the Envirohment] and thrée32

assessed aspects of parent selhg including measures of
stress and-anxiety. Only one stétyssessed adaptibehaviour and used the Vineland

Scaledor thisspurpose.

Effects of intervention: motor
The level Il studies were considered too heterogeneous to combine into a nhetis-ana

There were four studig&g?3+36

that reported statistically significant betwegnoup
differences in motor outcomes at #mad of the intervention periddable Sll). Two of the

studies were scored as low quafity®and two were of moderate to high quafity?
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(AppendixS4 contains individual quality scores for each stuéfject sizerangedrom 0.14
(small) t00.75 (moderate to highi\ positiveeffect sizewas demonstrated fone
comparison group ithreestudies’*?%*° and a positiveffect sizefor the experimental group

in five studie<®3*3

Effects of intervention on non-motor outcomes

Five studie®22%20%33neasured cognitive outcomes but only the study by Pataf®
demonstrated significant betwegroup differences in favour of thesarningames
intervention.afte6 monthsParent welbeing outcomes were assessed in three stuwdids
only one study demonstrating benefit of the early intervention programrparent anxiety
and confidenc&One study found a sharermbenefit of the early intervention programe

on the quality of mother—infant interaction during feedihg.

Level 1V and V included studies
The 13levellV studies include® cohort and 10 single-subject desighiserewasa total of
130 participants, ranging in age from 5 to 24 months. The most common intervention, used in
five studies, wasonstraint-induced movement theraBINIT),3" 244 followed by three
studies thattsed ND#*"*®one thaused the Vojta approathone treadmill training® one
mobility training®® one a developmentptogrammé® and one intensive ‘physiotherapy’
defined'as an eclectic mix of concepts

All studies reported positive rglés (TableSlI), with the exception of Kinghorn and
Roberts’ but causal inferences in these cases must be treated with caution because of the
lack of comparisomvith a control, lack of statistical analysis in some studies the lack of
rigorous measurement tools in many studies to document outcomes.

ThelOlevel V studies included a total of 24 participants, ranging in age from 3 to
21 monthsFive studies exam@ CIMT > >° two studies were of treadmill trainifig>° one
study examined'the Vojta approatone used intensivaotor-learningtherapy for infants
with CP at:-GMECS level ¥° and one used a ridm car for early power mobility/ All
studies reported positive results, but causal inferences in these cases must be treated with
caution because of¢Hack of comparison with contrd, and often the lack of valid outcome

measures

DISCUSSION
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Overall we found only 34 studies of motor interventions in children below the agesaf®
with or at riskof CP. Of these studies, none wheell, and just 10 werkevel ll. Thus,
recommendations for clinical practice are weak. Belovewamarize the level Il and Il
studies andlescribe the intervention approaches that appear most promisingeahéurther
evaluation Wertherprovide suggestions for future reseatchisentangle many of the

confounding variables identified in this review.

Summary ef the evidencefrom level |11 and 111 studies

The body of literature evaluating motor interventions for infants and young chilgesar®

of age andyounger at high risk of or diagnosed with CP is sparse considering the clinical and
research interést in early identification and intervention for this popufatibitusing the

GRADE systemthe bodyof evidence was graded lasv quality. This means thdurther

research is very likely to have an important impact on our confidence in the estimate of effect
and is likely to change thestimate®® Although there \ere 10 RCTs identifiedhe overall

quality of the evidence was downgraded from moderate tté&mause omethodological

flaws in many.efithe studies. Thesults of this review are influenced by tieterogeneity

among the studies in the descriptions of important variables such as sample characteristics,
intervention approaches and parametersptiteomes evaluatednd the outcome measures
used.

Sample characteristics
No study inthis review achieved a level | evidence rating, primbaeitause odmall sample
sizes a pefsistent problem ilinical research i€P.°>®* Multi-site clinical trials g one
solution to this problerff Comparative effectiveness research studies, in which common data
elements from many clinical sites are systematically collected, are appearing in CP research
and couldoffer.another solution the methodological challenge of small sample sizes
Other important'sample characteristics, such as the ages when infants were recruited, ages at
final assessment, and accurate identification of infants witlv&kd considerably among
the studieswhich madat challenging to compare results across studies.

A particular strength of oweview is the stringent inclusion criteria used to define
‘high risk of CP status; many studies that used less predictive and less objective criteria to
define ‘highrisk’ status were excluded from this review. The inclusion criteria decreased the
probability of including infants initially identified d&igh riskof CP who had a high

likelihood of ‘self-righting and not resulting in aautcome ofCP. This group of infants
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presers a challengédor interpreting intervention studies with positive results because
cannot be determined if the participaniaat classification is due to the intervention, the
misclassificatiorof initial developmental statusf the infants, or a selfrighting of their
developmentDespite the rigorousriteria, most studies in this review that included hrigk
infants reportedhatless than half of the sampeentuallyreceiveda diagnosi®f CP. A
multidisciplinary, international panel of researcheezentsand expert clinicians is currently
developing clinical guidelines to standardize the neurological assessmenskfiafants to
more accurately identify infants younger thagearsof age who are at high risk or who have
CP. The use of. common guidelines such as this will ensure that intervention studies are
evaluating samples of infants with similar characterigfits addition, more accurate and
earlier diagnhasis should enable infants at the highest risk of CP to d@mgsssisspecific

early interventiorbefore severe motor delay is evident.

I nterventions

Intervention approaches varied among the studies, even when the interventsdsnved
from the same.eonceptual framework. For example, seven 64> >4*>%4ncluded

NDT as either,the experimental or control intervention, but the descriptions attual
therapeutic components wuki| the studies varied @ble ). The challenge of a uniform
definition of NDT has been identified previouSlandcomplicates interpretation @&
effectivenesslt also highlights the limitationsf using acronyms such as NDT to describe an
intervention withotia detailed description of the interventitself. Interventions need toe
clearly describedising contemporary terminologgnd to includea theoretical or conceptual
framework and a description of the key ingredients ofdpproach that differentiate it from
other interventions.

Most interventions in this body of research were not described in enough detail to
ensure accurate replication in future research. Treatment frequency and duea¢ion
reported forallexperimental interventiotsit were absent for the comparison intervention
in four studies®3*3!**The termsstandard care’ ondsual carewere used to define the
control intervéntion in four studi€$>3 however, like NDT, components aftandard cate
and usual carevaried considerably among the studies and were often not deganib
enough detail to alloweplicaton by other researchers.

Table lidentifies the underlying components of the interventions described in the

§6,ZQ

studies in this reviewl he twostudie with the largest effect sizes used similar

intervention constructs that includehllild-initiated movement, tasgpecific training and
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environmental modification. Their positive results merit further evaluafioese
components of intervention have been supported in nedoningresearch, specifically
research directed at determining the effects of rehabilitatiadults®® The study by
Campbellet al**also included these constructs, but treadmill training, another primary
interventionscomponent evaluated in this studbes not refleathild-initiated movement.

The GAME® andLearningames® interventions botincorporated parent education, as did
many other studies. Rart education can represent a rangeooicepts based on the
perspective of the intervention. Interventions focused on child-initiated moveroald be

more likely to focus parent education on the importance of active movement, in contrast to
approaches that emphasize facilitation and inhibition of a child’s movemeanthieyapist or
carer.

Lack of sufficient information toeplicateintervention protocols is a long-standing
methodological ¢oncern in rehabilitatitit”°® 1t impedes future research designed to
evaluate the same interventidhalso presents a knowledge translation barrier for clinicians
wanting to.adopt new intervention ideatoitheir clinical practice. An international panel of
experts and.stakeholders has developdtmplate for Intervention Description and
Replicatiofy(TIDieR)®® to address this replication challenge. The TIDieR checklist consists
of 12 items to improve the replicability of interventions. Common use of a checkiists
TIDieR would-ensure more accurate replication of stualetallow better identiitation of
common intervention elements across different interventions. Two items inDieRTI
checklist refer to fidelity of treatmerfidelity of treatment refersothto the degree to which
treatment is provided as described tmthe degree to which the control and experimental
interventions differ in a study. It is an important methodological issue inallitmials and no
study in this review addressed the issue of how fidelity of treatment was ensured or
evaluated: Campbedit al*' describe théack of adherence to the intervention frequency as a
possible réason/for their lack of significant changes with their intervention.

Varioustintervention approaches were used in the studiest.studies included
therapeutiesconstructs derived from neuromaturational approaches, desjaitd thiestrong
evidence_ supporting their effectiveness with older childfEnis resultis surprising
considering the.current interest in intervention approaches that emphastzalnc
activity-based approach@dhere may be an assumption, based on tenets of neuroplasticity,
that interventions aimed at remediating impairment issues (e.g. muscle tone, reflexes,
postural reactions) are more appropriate for infants and more likeiptmalize their

development. Téresuls of this review do not support this assumption.
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However, limited empirical evidence exists to support interventions based on
functional, motor-learning approaches for this young populafibe.interventions described

in the four studies reporting significant findings in this group varied in theoretical

262 of moderate to higljualitywere based on enricheaktivity-based

34,36
(0]

backgroundstwo
approacheswyhile tw emphasized neurodevelopmental, postural correction approaches
and were 6f lower methodological quality. The seminal studyaigneret al?® suggests that

a developmental learnifgogramme may improve motor function more than NDT. In
contrastHielkemaet al?*% found no differences between traditional infant therthpy

included NDT concepts and thehild-active COPing with and CAring for Infants with

Special NeedCOPCA programme, which is based on enhancing family participation and
encouraging motor development using constructs derived from neuronal group selection
theory.

The pilot study byMorganet al*?evaluating the effect of a gefidcused, activity
basedenvironmental enrichment programme reported an improvement of motor function
compared‘witlstandard carédn enrichment paradigm for infant rehabilitatiafter brain
injury has been-advocated by Kabal on the basis aheir enrichment studie®.Kolb et al.
suggest that results frotheir animal work generalize to some extent to the human infant, and
enrichment concepts warrant further investigation in human studiesbfbace of level
and Il studiessevaluating CIMT interventions with thge group is disappointing
considering the documented success of these types of intervention with older Eréldden
the current interest iftbaby CIMT".”? A ‘weak positive® clinical recommendation from the
evidence is to continue early motor interventions based on the emerging neuroscience
knowledge, our knowledge of intervention effects with older children, and the positive
outcomes and trends revealed in this review. Ttergial benefits of early motor

intervention far outweigh the negligible risk of harm.

Outcomesand-outcome measur es

Outcomessmeasured were diverse across stuahesall authors used validated measures
although there was not one motor measure common to all studies. Even though family-
centredphilosophy and the ICF model both espouse the importance of understanding the
interactions among developmental domains within a child and the effect of cohtaxtoes

§0,32,33

on development, only four studfé evaluated outcomeagpresenhg the ICF

components of environmental factors, and none evaluated participation outtmnes

play.
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Responsiveness, the ability to detect a minimally important clinieadgghwas not
addressed in any of the studies, and published information about responsiveness with this
young age group is not available for any of the motor measures. Clinically important
differences that can be attributed to intervention are challenging to deteéminfants and
young children-because of developmental maturation that may beeanResearch
evaluating'changes in motscores over time is needed witbth high+isk and lowrisk
groups of infantsto aid in interpne) change scores in intervention studies.

Other risks of bias were present in the reviewed studies. All of thestiaided to
ensure masking bothf participants andf interventionists. The therapigsamily—child
relationship.imperative in most interventions with young infants makes this itiskaor
difficult to control and it may be an unrealistic expectation when evaluating th&yafali
studies asses®) motor interventions with this population. Desgite increased availability
and knowledge of RCT guidelines such as the Consolidated Saraf&Reporting Trial$®
risk biases such as lack of statistical precision (e.g. confidetacgals, power calculations)
and confounding of different doses of intervention frequency and intensity between the

experimental.and control intervention were identified in this systematic review.

Trendsidentified from level IV studies
The 10 single-subject design studies varied in terms of interventions evaluatage dos!
sample sizes. The measurmeainlytargeted the ICF component of activiost studies did
not address reliability within all phas@he single-subjectlesign was accately described
in most studieand the dependent variables were operationally well defihegdever, many
threats to validity remained in most studies, such as use of metsatread not been
validated as well as poorly describéaterventiors. For validated measuresostchildren
improved over baseline, and twtudies cited improvement more than expected
developmeéntally: Many studies had unique and individualized measures (e.g. rating of hand
position) that'were not validated.

By definition, thesinglesubject design studies do not provide strong levels of
evidence.inssupport of efficackilowever, some approaches suclC#dT were adaptations
of successftil therapies used in older childr&he positive outcomes in these studies have
provided the basis for largRCTscurrently inderway. For example, three studies are listed
as'‘ currently recruitingfor CIMT trials onwww.clinicaltrials.gov(two in the U\, one in
Sweder?®), and one trial is listed as active on www.anzctr.oraustralia. The mobility

training singlesubjectdesign study led to a larger study funded by National Institute on
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Disability and Rehabilitation Researathichis currently underwayConsistent with the
approaches found to be efficacious across all age groups of individuals with&€P,
evidence from thesgnglesubjectdesign studies points to the importance of active
movement by the pacipant (taskoriented or motoetearnirg-based approaches) with high
intensityreftraining. These studies have led to clearly testable hypothesesntie further

evaluatedusing more rigorous designs.

CONCLUSION

Considering, the small sample sizes and the heterogeneity identified inmti@nve
approaches, length of interventions, ages of evaluatmasputcome measures in the studies
reviewed, recommendations for clinical practice are weak at best. Intervention approaches
that appear promising and ritdurther evaluation are chiohitiated movement, task

specificity, and environmental modificatioharge RCT or comparative effectiveness study
designs witltlearreplicable descriptionsoth of experimental and of control interventions

are essential to disentangle many of the confounding variables identified in thie. revie
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Tablel: Components of interventions

ICF Body structure/function Body Activity Participation Context
structure/function/
activity
Therapeutic componenlinhibit Facilitate  Physical gidance Child- Task  Devebpmental Motor Parent  EnvironmeniSocial gaffolding
abnormal normal initiated  specific progression exploration/ education modification
movement movement movementtraining variability
pattern pattern
Levelll and lll studies
CAMS?® v v
COPCRA42 V4 v
Developmental v v
skills®*
EIP (NBAS#NDT)*? v v v
E-stim+NDT> v v
GAME® v v v
Kicking-+treadmilf° v
Learningarmes?-27 v v
NDT24-26.29.33:36 /% 2432
NFDR?® v v
LevellV studies
Casting: weight v v v
bearing>*’
CIMT®7 54244 v v v v Ve VA v
Mobility training* v v v
NDT41,47,48 v J v
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Neurobehavioural v v N

interventiort®

Physiotherapt? N v v
Treadmijlf® v v

Vojta* v N v v

Parenteducationparents are trained in the provision of activities to progress the child in motor aliliti#sonmental modificationchanging
the surroundings of the child to elicit new movements/increase motor behaBogral scaffolding providing social modelling or social
reinforcement to increase a motor behavidnhibit abnormal motor patternghysically guiding or restricting movement that is considered
abnormal’Facilitate normal motor patterphysically guide a movement such that the body segments are normally aligned foedifieds
activity. Physical guidanceassist a functional movement such that the function is accomplished, withowt reghe motor solutionChild-
initiated movement child initiates movement without guidance and encouragement of trial andS$pemific task trainingmovement task(s)
defined by.the protocol, with intervention focused on the skills needed for the spe&ifs).i@svelopmental progressioapproach follows
hierarchieal pattern in a&mpt to mimic typical sequence of acquisition of motor milestabesstraint inducedconstraint of the neimpaired
arm. Motor-exploration/variabilityincreasetie motor repertoire for a motor go@lAMS, Curriculum and Monitoring syster@OPCA,COPing
with and CAring for Infants with Special NeedEIP, Early Intervention ProgramNBAS, Neurobehavioral Assessment S¢alMDT,
neurodeyelopmental therap¥-stim, electrical stimulation GAME, Goals, Activity and Motor EnrichmentNFDR, Neurofacilitation of

developmenteaction; CIMT, onstraint-induced movement therapy.
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Figure 1: Flow diagram of search and extraction of studies.
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