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ABBREVIATIONS

ATNR Asymmetric tonic neck reflex

GMA GeneralMovementsAssessment

NPV Negative predictive value

QUADAS-2 Quality Assessment of Diagnostic Accuracy Studies
PPV Positve predictive value

AIM Tossystematically review the predictive validity of spontaneous early infant nemtem

for later cerebral palsy (CP).

METHOD Cohort studies with published data to calculate predictive validity of early
spontaneous movements fater CP were searched in four electronic datab&3éA\HL,
Embase, MEBLINE, and PsycINFO

RESUL TS Forty-five studies met inclusion criteridhe Prechtl General Movements
Assessment (GMA) during the fidgety period (10-20 weettsected agehad the strongest
sensitivityz97per, cent(95% confidence interval [Cl] 93%—99 and specificity: 8per cent

(95% CI 83%=93%). The sensitivity and specificity of Brechtl GMA during the writhing
period (birth.to 6 weeks) was 93 per cent (95% CI 888%) and 5%er cent (95% CI 45%-—
71%) respecitively. Cramped-synchronized movements in the writhing period according to
Prechtl hadithe best specificity (sensitivity: 7{86% Cl 54%—-82%]specificity: 97%95%

Cl 74%-100%]). Hadders-Algra’s method of assessiagegd movements had a pooled
sensitivity and specificity of 89% (95% CIl 66%—97%) and 81% (95% CIl 64%—91%)
respectively Presence of asymmetric postures and movement quality/quantity were reported

under the Hammersmith Infant Neurological Examination, Hammersmith Neonatal
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Neurological Examination, and Movement Assessment of Infantsdoliveak associations
with later CP.

INTERPRETATION Fidgety movements assessedtityy Prechtl GMA have the strongest
predictive yvalidity for later CPout cannot be considered in isolatlmetause athe presence

of false positive results.
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Review

What this paper/adds:

e FidgetygeneraimovementsRrecht) aremost predictivdor later CP compared with

other spontaneous movements.

e False positive results are high among all spontaneous movement assessments

[main text]

There is growing evidence that early managemeoedbral palsy@P) can lead to
improved functional outcomés-However, timely intervention can only occur with early

identification of infants at high risk of developing €Pefinitive diagnosis and classification
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of CP stabilzes after 2 years of apeith the average age of CP diagnasisurring at
approximately 19 monttsHowever, delaying intervention until the time of diagnosis may
result in missed opportunities to implement intervention during a period of ptasticity,

and maximie functional outcomes from the earliest possible®age.

Spontaneous infant movement has been reported to have prognostic value for CP
since the early works of Amidlison’ and Prechtf. With recent advances in smartphone
technolegyseapturing spontaneous movements using video has improved accesSibility,
which hasthepetential to provide remote professional assessments for isolated and
vulnerable' familiesWhile existing studies have explored the clinical utility of brain imaging
or neurobehavioural assessments to predict latér- e predictive viidity of a range of
early spontaneous movements should be determined to facilitate accurate andesarynde
of infants atwrisk=of developing CP.

Previous studies have indicated that postures such as persistent asymmetric tonic neck
reflex (ATNR) or ron-midline patterns may be suggestive of unilateral¢fin addition,
persistent crampeslynchronized features, which are simultaneous stiff limb and trunk

movements? appear to have predictive validity for spastic €E.

Thereshas been particulaterest in the predictive validity of tH&rechtiGeneral
Movements Assessmer@i1A) ™ with a recent systematic revieveporting a high
sensitivity of 98per cent(95% confidence interval [Cl] 73%—-100%) and specificity of 91 per
cent(95% ‘€l 836-95%) topredict later CB? However, these predictive values did not
distinguishbetween writhing and fidgeggneral movemen{see classifications, Tablg I)
and the difference between these two moventeaseen suggestamlbecritical when
interpreting resis to guide clinical practiceasabnormal writhing movementannormalize
in later infaney*®General movements have also been defiawetrding to Hadderlgra,
with observed movements classified as per Tablépart fromthe gneralmovements
(as®essed using the Prechtl or Hadders-Algra method), no previous systematic review has
reported on the predictive validity of any other spontaneous early movement described above.
The aim of our systematic review is to determine the predictive validity oblasgrvable
spontaneous infant movemdadtween 37 weekgestational age to 5 montbsrrected age
for later CP and conduct a meta-analysis to determine the sensitivity arfttspedi
different spontaneous movements for a later diagnosis of CP.

METHOD
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§122021 \yere assessed to collate infant assessment tools that

Initially, four systematic review
had components that were purely observed without any assessor interaction. Assessments that
tested infants ainder 37 weeks’ gestation or over 5 monthisected agavere excluded.

The age range of infant assessment was selected based on the age at which infants begin to
develop @ complex repertoire of movemEmssessment tools were screened by two authors

(AK, AS).

All included assessment toolgeneal movement*or ‘motor repertoirewere
combined withsthe territerebral palsyand searched in MEDLINE (194BecembeB1st,
2016), CINAHL (1981-December 31st, 201Bjmbasg1947—-December 31st, 2016), and
PsycINFO (1966—-December 31st, 2Dti&tabaseswith searches updated on November 6th,
2017as per Preferred Reporting Items for Systematic Reviews andAatgsis guidelines
(AppendixsSisonline supportirigformation)? Titles, abstractsand full texts were screened
by two independent assessors (Al) and any conflicts were resolved by a third assessor
(AS). We included English language cohort studies of any infant population that reported on
the predictive validity of any observational movement between the ages of 37 weeks’
gestation to 5 month=orrected age for later CP at any age. Where published articles reported
on repeated cohorts, we considered data from the latest published study, or froesthe lat
study wheretdata were available to reconstruct 2x2 tables for further analysis if ndti@vaila

in the latest study itself.

The reference lists of all included articles were screened to identify additional studies.
Reference 1ists of three other systematic reviews assessing the Biétft>*?*and a key

review articlé® were also screened.
Data extr action

Data wererextracted by two independent authors (AK, TF) from included articigsans
extrapolated-list-based on the Standards for Reporting of Diagnostic Accura®s Stud
(Appendix:S2s0nline supportirigformation)®® Studies were also assessed for bias using the
Quality Assessment of Diagnostic Accuracy Studies (QUAERAFAppendix S3, online
supporting‘infoermation?’ The QUADAS2 tool measures the risk of bias for cohort

selection, the index test (observational assessment toolsgféhence standard (method of

CP diagnosis), and the flow of participants including loss to follow-up and consistency of
methodology across the cohort. We considered follow-up rates of greater than or equal to 85
per centas having a low risk of bias forlfow-up. We considered studies that documented a
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consistent process between assessors to diagnose CP accoadstaniardized neurological
examination and classification according to PaliéaapHagber’ criteria ashaving alow

risk of bias. Uncleaclassifications were applied where studies did not specify the
neurological assessment used to diagnose CP. Data were extracted to reproduce 2x2 tables for
analysisrof sensitivity, specificity, positive predictive value (PPépative predictive values
(NPV), positive likelihood ratiosand negative likelihood ratio8Vhere extracted data did not
match published data amherepredictive validity for CP was not the primary aim of the
study, data were crossed checked by a second author (TF). Positivgatienest results
for the PrechtlGMA andgeneral movementccording tdHaddersAlgra were dichotonzed

as per Tablé. Cramped-synchronized movements accordingpéoPrechtGMA were
considered’in‘the writhing period only. Any conflicts in data extraction or scoring were

resolved by a third assessor (AS).

The.methods for this systematic review were registered with PROSPERO
International Prospective Register of Systematic Reviews (CRD42016042551,thuly 12
2016).

Data analysis

Data for sensitivity (ta proportion of those with CP who were identified as hagamty
abnormalrmovemenksind specificity (the proportion of those without CP who were
identified as havingarlynormal movemenjsf observed infant movement to predict later
CP were extracteddm published data and reproduced withp@b centCls usingRevMan

5.3 (The Nerdie,Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark).
Studies with,insufficient published data to reproduce 2x2 tables were not inauded i

quantitative analys.

Where sufficient data were available, we used statistical packaages14
(StataCorpyCollege Station, TX, USA) or R (R Foundation for StatisticapGting,
Vienna, Austriafo complete metanalyses for diagnostic accuracy studies to determine the
pooled sensitivity and specificity for observed movements. Heterogeneity betwdies s
was assessed,with tHestatistic and randoraffects analyses were used becahse
heterogeneity was substantial betwsardes® Analyses were summagd visualy with
forest plots of sensitivity and specificitywith summary points using STATA 14, or with
RevMan 5.3 for studies that could not be pooled visually. As PPVs and NPVs are dependent

on CP prevalence within a population, PPVs and NPVs were not pooled as any summary
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value would be related to an unknown CP prevalence and therefore have minimal clinical
utility.3*?Instead, PPV and NPV were quoted as ranges for each spontaneous movement.
Positive and negative likelihood ratios were also sunmedrior eactspontaneous

movement.
RESULTS

Twenty-five assessment tools had infant observation as part of the assessment and are
detailed inf/Appendix S4 (online supportimformation). Only one tool (Peabody
Developmental Motor Scalédyequired infant handling fahe whole assessment and two
tools assessed.infants outside the specified age range (Lacey Assessment of the Preterm
Infant; Primitivé&\Reflex Profiléf*°>and thus were not included in the database search terms.
One additionalool (Infant Motor Prof)i& was identified in the secondary electronic

database search strategy.

From database and griterature searchesg88titles and abstracts were retrieved
after removal‘of'duplicates (Fid). Fifty-five records met inclusion criteria and represented

36118,37—68

47 study cohorts, of which were prospective studies, fR%€*were retrospective

studies, five>47™7°

were studies of selections from previous cohorts, and two were follow-
up studie¥®#from randomied controlled trials where outcomesveeen intervention arms
did not diffét. Finally, four cohort studig$**®were unclear if they were retrospective or
prospective. The characteristics of each study are suzedanTable Sl (online supporting
informatiof). From the 47ncluded studiesye reproduced 2x2 data for 13 studffe&'83841-
44,52,6468,77,83f0r Wl’lthlng movementS, 26 Studilé,§4,16—18,38,39,41—44,4648,52,54,569,64—

6668697277838 fidgety movements, and five studig¥4>>°for crampeesynchronized
movement§ under tHerechtl GMAfor prediction of later CP. One studdyeporedon two
cohortsfor Writhinggeneral movements and sewndies”*°*"%1"#8%for fidgety general

movements using Haddefdgra’'s method.

Movements that were included in qualitative analysis included presence of ATNR
posture, asymmetric postures, and quality/quantity of movements assesseafthpart
Hammersmith.Infant Neurological Examinatitiylovement Assessment of Infarfté® or

Hammersmith Neonatal Neurological ExaminafiqTablel).

Seventeen studitfg8373941-43.5%7.5860,6169-728283qafined the type and topography of

later CP but did not relate specific observed items to the type of CP that devé&aopefour
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studie$**"*?"" contained data to correlatpesific movements for the type or topography of
CP. However, all four articles appeared to be derived from the same sample andbwmto

be sure if crossover giarticipantdbetween articles existed.

Two studied”®had a CRateof 0 per centand wee included in the current
systematic review for qualitative analysis only. @Revaried between 1.per cent***and

52.4per cent’ for all other studies of high risk infant populations.
Methodolagical quality

The methodological quality of individuatudies as assessed by @IdADAS-2 are detailed

in TableSll (online supporting information) and overall combined bias summarized in Figure
2. Study quality was variable with concerns regarding the selection of patientfeteace
standargdand:the flow and timing of assessment. Four sttitffe¥°%° had a low risk of bias

in all four QUABDAS-2 domains.

Consecutivearticipantrecruitment was reported in only 16 studigg434#84951.54-

565963,64,74.8283pjtial index assessments of spaneous infant movement were generally well
conducted with consistent thresholds defined by Prechtl or Hadtgeswith the exception

of one stud§fthat used writhing instead of fidgety classifications for 3 m&néthtl GMA
Where studies-noted partial blinding among scorers, the studies were rated asrhaving a
overall low'biage+8"828participant selection affected the representativeness of high risk
infants in one study®*as participantsvere selected based on abnorgeeral movements
according to Hadders-Algra at the start of the fidgety period. This led to conegarsling

applicability of participants to the research question.

Studies varied with their methods of CP diagnosis. Three studies used Hagberg or
Palisanoreriteriarto diagse CP:*3"%°%"5A standard neurological examination (e.g.

Touwen, AmielTison and Grenier) or a standard test of reflexes, tone,ve¢ce used to

determine CP in-Estudiesl.6—18,38—42,44,4548,51—5457—59,61,6268,70,71,73,747,8—80 Ten

Studieé3,43,46,50,63,66,7,72,7677,85

used a norspecific neurological examination and were
classified as unclear. Three stud?d&2*did not usestandardized examinatiobstween
assessorand these were assigned a high risk of bias rating for the administration of the

reference standard.

Only 10 studig®43:42#934-56963.6479-83 oy 5rtad blinding of assessordatow-up.

Flow and timing of assessments were poorly repofiteelve studies excluded infants if they
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had incomplete assessmehit$:*4>1:536877177 Tharefore, flow and follow-up rates could not

be calculated accurately.
Predictive validity of spontaneous movements

Tablell summarzes thesensitivity, specificity, PPV and NPV ranges, positive likelihood
ratios and/negative likelihoodtias of crampeesynchronized, writhing, and fidgety
movements assessed according tcPleehtiGMA and fidgety general movements
accordingito Hadderailgra, with individual study sensitivity and specificithetailed in

Figure S1(online supporting inforntaon).
The Prechtl GMA

Crampedsynchronized movements had the highest positive likelihood ratio compared with
other spontaneous movements but had the lowest sensitivitypefr 0@nt{(95% CI 54%—
82%),indicaing substantial rates ¢dlse negative restsl within the testConsequently, the
negative likelihood ratievas the poorest (0.31 [95% CI 0.20-0.4%jimpared with other

spontaneous infant movements.

Writhing movements had the lowest specificity offgd cent(45%—71%) with a PPV
range of ercat to68 per centindicating the highest proportiarf false positive results
within thisstest Consequently, writhing movements had the lowest positive likelihoodafatio
2.28 (95% CI 1.67-3.20).

Fidgety movements assessed by the Prechtl GMA hadramget sensitivity (97%
[95% CI 98%—-99%) for predicting CP. The specificity wagp88 cent(95% CI 83%—93%)
and PPV ranged between 3ér cent tal00 per cent indicating a variable but notable of
false positive results. The negative likelihoodaatas 0.04 (0.02—-0.08) and NPV range was
80 per cent tdl00 per centindicating a lower presence of false negative results and that
presence offidgety movements (PrecBfllA) were mostlyto beassociated with normal

outcome.
Gener allmovements accor ding to Hadders-Algra

We extracted data for writhirgeneral movements according to Hadd&liga from two
cohorts within one stud.Both cohorts reported a sensitivity of 106 centcohort A 95%
Cl 3%—-100%; cohort B 95% CI 63%—100%). The specificities of cohorts A and B were 38
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per ceni{95% CIl 226-56%) and 5per ceni(95% CI 396—70%) respectively. Data were not
pooledbecause o& small number of studies.

The sensitivity foffidgety general movements according to Hadddgsa for
predicting later CP as 89per cen{95% CIl 6686—-97%) and specificity was &ier cent(95%
Cl 64%—-91%).,The range for PPV was 6 per cent tpé&tcentand for NPV the range was
narrow, from 96 per cent to 100 per c€rablell). Thepositive likelihood ratiovas 4.77
(2.49-915)-andnegative likelihood ratiovas0.14 (0.04—0.44).

Presence of persistent/dominant ATNR

Predictive scores for ATNR for later CP were derived from two stidf@and were 54 per
cent” (95% Cl 25%—-81%) and 3ter cenft’ (95% Cl B6—65%)° for sensivity, and 85per
cent” (95%:-C73%—93%} and 76per cerft’ (95% CI 536-89%) for specificity Precht??
noted that.of.the 11 infants develog CP in the studied cohort, eight showed persistent
ATNR posttres:"Harrfs reported that 19 out of 36 (reportasi 53.8%) infants with CP
demonstrated”ATNR postures and 34 out of 118 (28.8%) infants without CP also
demonstrated ATNR posturgs=0.029) when assessed by Mevement Assessment of
Infants Harri$® did not specify if ATNR was dominant.

Asymmetrical postures

Asymmetry scores were assessed under the Assessment of Motor Repertoire in ofie study.
Marked asymmetrical movement at term age was noteaiurt 6f 15 infants who had CP

and 5 out of+29,infants who did not have CP. At the fidgety periodi 8f 15 infants who
developed CP.and 5 out of 19 who did not develop CP showed asymmetrical movement at 49
to 56 weeks” postmenstrual age. The correlation of asymmetry scores and CP outcome were
not reported'with statistical significance values. Anothengfutbted that 5 out of 6 infants

that eventually developed hemiplegia also showed asymmetrical signs at fidgety age
(p<0.001).

According to Harri$? 4 out of 36 (reported as 11.8%) infants who developed CP had
asymmetrical movement at 4 montitsrectedageversus 17 out of 118 (14.4%) infants who
later developed without C£0.917). An infant’s inability to hold their head in midline was
found to be significantp<0.001)as17 out of 36 (reported as 48.6%) infants who developed
CP had difficulty with midline head postures compared with 21 out of 118 (reported as
17.1%) who did not have eventual CP as assessed Motlement Assessment of Infants
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Overall movement quality and quantity

Groer® found that there was no relationship to later CP whereegiiaocies in arm and leg
movement quality existed. Similarly, Philiphshowed that slow or periodic leg movements
had low predictive validity for later CPgceiveroperating characteristi®RpC] 0.73 for

slow leg movements, 0.53 for periodic leg moversent

HameP¥investigated the presence of stiff movements without jerky movements and
its relationship to later CP. Stiff movements without jerky movements were presemttin 8
of 10 children who developed Cp<0.001).

Pizzard?" found a strong relationship between movement quality and quantity
components of thelammersmith Infant Neurological ExaminatiROC approximately 0.96
and 0.97 respectively) at 3 monttwrected ageSimilar results were reported by Romfed
where the median score for movemeguality and quantity assessed as part of the
Hammersmith Infant Neurological Examinatiaas 6out of 6 (QR 3-6) for those without
CP and 1 otit'6f'6 QR 0-5) for those who developed Q#<0.001). In the study by Ricgi,
fewer tharb0per. ceniof infants with tetraplegia showed movement quality and quantity
outside the normal range when assessed undefatmenersmith Neonatal Neurological

Examination:
DISCUSSION

Theresults.of this study indicate that spontaneous infant movement can be a stditgrpre
of later CPTheredictive validityof fidgety movements using thirechtiIGMA in this
study isconsistent with the results of previous reviews of the Pr&itih.1>%*** However,
when comparing with the existing systematic reviews, our findings highlighdwhe
specificity“ofthe"PrechtiGMA writhing movements, indicatingltagh presence of false
positive resultsTo our knowledge, this is the first systematic review to use-aredysis to
assess the predictive validity of writhing and fidgety moeets under th€rechtiIGMA and
general movements according to Hadd&lig-a separatelywith Prechtl’s method having
better predictive validity for CPthe distinction between the predictivalidity of writhing
and fidgety periodss critical Theresultsof oursystematic review confirrthat abnormal
writhing movementgassessed using Prechtl’'s metheai) normaliz& andclinicians should
focus on ensuring that they obtairrajectoryof general movements including the fidgety

age. Aslhe majority of ifiants are no longer hospitabpatientsduring the fidgety period,
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concerted effort for infants toe assessed at this age is of high importabapturing infant
movements remotelgt this critical age within the family honean be facilitated by

technolgies such as parenperated smartphone application$.

There wagnconsistent reporting of studies’ interpretation of pathological postures
such as ATNR.or limb movement quality, resulting in variable threshold levels thadimit
the ability to pool pedictive validity of these postures. There was also insufficient detail in
studies to establish whether certain postures or asymmetries resulted in specific types or
topographyef.€P. However, the distribution of type/topography of CP, especially fio; atax
dyskinetic{and diplegic forms, are few in comparison to spastic and hemiplegi¢tgpes,
that studies would require very large sample sizes to accurately establish any relationship
between certain movement behaviours and their correlation tdispgoes/topographiesf
CP.

However, it may be possible that asymmetrical postamelgor poor limb movement
have more predictive validity when considered in combination. For example, assessment
such as th&eneral Movement Optimality Scéter the observational section of the Test of
Infant Motor Performanc@may provide higher predictive validity when abnormal or normal
movements‘and’postures appear together rather than in isolation.

Limitatiensof the review

Many studies had insufficient information to draw clear conclusions about study
methodology, therefore limiting the ability to accurately assess bias undeUkiBAB-2.
Most study biasconcerns arose from studies’ cohort selection, CP diagnosis,amdifoll
rates. A consecutively recruited cohort reduces selection bias within a sample as a truer
representation of the population can be stutfi&ihile consecutive recruitmemtas an issue
with themajority’of studies, the sensitivity of individual studies with lowek agbias

showed consistency with pooled results. Howesgecificity varied more amonsgtudies

with lowersisksof biagFig. S1, online supportinmformation.

With respecto the variable specificity anglide range of PPVs acroali spontaneous
movements, clinicians should be wary of false positive results when presetiited wi
concerning spontaneous movements. As CP is not diagnosed contemporaneously, a positive
testmay needlessly causéress and anxiety in parents increase unnecessary demand on

follow-up servicesClinicians should also refer to recent guidelines and consider results of
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spontaneous movement assessments with brain imaging and physical examinations such as
theHammersmith Infant Neurological Examinatjon addition to clinical history and parent
interviews to guide further diagnosis of CF** Conversely, normal spontaneous

movements had consistently higher NPVs despite varying degrees of study quality and CP
prevaleneerThis has important implications for ensuring that CP diagnosismnsseetl

because dfalse negative testan kthe absence of other concerning factors, such as poor
environment, low social risk, or significant clinical history, it may be apprapfoat

clinicians to redoe their frequency of service firose with normal spontaneous movements.

Whén considering participant selection, a group of sttiteg>2"

appeared to use
the same cohort but split participants into different risk groups. Thereforaetipbteoss-
over of participants across these six studies may havieiatyfincreased participant
numbers. Givensthat four studté®!"*?were included in the analysis of our review, the

results from:these studielsmild be treated with caution.

Studies varied with regard to their method of CP diagnosis. CP diagnosisently
based on clinical assessment and there is currentlyitedonstandard test to definitively
diagnose CP>Where standardéed assessment procedubesween assessorgre not
reported; we“could not be sure that consistency was maintaitveeklneassessments of
individual CP.eases, therefore introducing potemtsslessdbias. Reporting of blinded
assessment at followp was also poor. This has potential to introduce assessment bias to
studies as_knowledge of prior index test results may influence the diagnosis of anireorder
CP cases.

Anotherdimitation in this review lies in the inclusion of studies thatribagd CP as
early as 12'months;*>4%4"6>%potentially missing milder CP casétowever, as there are
fewerfunetionallimitaions associated with mild&@P 2 the ability for spontaneous
movements to identify those who are showing more severe forms of CP remaingainmort
ensureearly intervention resourcese directedppropriately Additionally, in studies where
cohorts were reviewed at two time points, the number of cases that developed CP did not
changeffor four studig§>°°%636475828% ¢ did change for two studié®*¢*#However, for
the latter two studies, the method of CP diagnosis differed between earliatearstudies.
Future studies should consider longer follogrperiodsand note the severity of CP identified
at different ages to better assess the predictive validity of spontaneous movements.
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As we were not able to access translators for thidyshon-English language studies
were excluded and therefore could not be considered for analysis, which is anothgotimi
of the studyHowever, the number of such studies is likely to be small relative to the large

number included in this review, and thus any bias is likely to be small.

Finallysit is important to consider the time of recruitment when comparing findings
with contemporaneoysarticipants One stud$’ recruited their cohort as early as 19@6e

study’ hadsasrecruitment period of 1@ars, andwo studie$>®®

recruited at two time points
Changes immneenatal practices and survival rates have potential to altev@lErue over

time and affect prevalenaependant PPVs and NPVs.
CONCLUSION
Clinical implications

The findings of this study indicate that observable spontaneous early infant mocament

play an important role in predicting later CP, in particular, fidgety movememssassby the
Prechtl GMA. However, clinicians should be wary of the presence of false positive and false
negative results' when providing test feedback to families. Therefore, these early predictors
should not'be"usdd isolationas definitive diagnostic tests for @At should be used in

conjunction with'other clinical assessment methods to guide diagnosis.
Suggestionsfor futureresearch

Further studies with larger consecutively recruited cotvaittslonger follow-up periodare
required to establish relationships between specific observed movements and émeltype
topography of CP. Assessments with cumulative scores of multiple observed infant
movements may have superior predictive validity than single observable pedturesnd
require further investigation. Finally, the utility of spontaneous infant movereeottded by

parents and-transmitted retaly to predict later CP needs to be determined.
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The following additional information can be found online:
Appendix S1: Search string used in electronic databases

Appendix:S2: Data extraction items based Standirds for Reporting of Diagnostic

Accuracy Studies
Appendix S3: Quality Assessment of Diagnostic Accuracy Studiess
Appendix $4: List of infant assessment tools that observe infant movement

FiguresSi: Forest plots of Prech@eneral Movements Assessnt (GMA) writhing,
Prechtl GMA fidgety, Prechtl GMA crampesynchronied, and general movements
accordingto'Hadderalgra fidgety

Table SI: Summary of study charteristics for the Prechtl General Movements
Assessmengeneral movements according to Hadd®iga, Movement Assessment of
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Tablel: Characteristics of included assessments tools

Number of studies

that report Number of
separ ate studieswith
Age of Presence of observational 2x2 data
Assessment tool assessment M ovements obser ved assessor handling components available
Prechtl GMAwrithing Preterm age t&6 Normal writhing movements None 21 13
weeks’ CA Poor repertoir®, cramped
synchronied™ or chaotic movemerits
Prechtl GMAfidgety 9-16 weeks’ CA Normal fidgety movemenis None 33 26
Absent” or abnormal fidgety
movement&’
GMs (HaddersAlgra) writhing  Preterm agéo  Normal optimal GMS None 3 2
6—12 weeks’ CA Normal suboptimal GM3
Mildly abnormal GMS”
Definitely abnormalGMs™
GMs (HaddersAlgra) fidgety ~ 2—-12 to 14-18  Normal optimal GMY None 8 7
weeks’ CA Normal suboptimal GM2
Mildly abnormal GMS”
Definitely abnormal GM®
MAI 0-12 months ATNR, tremors, head centring, hand Some items elicitec 2 -
posture
HINE 3,6,9,12 Movement quality and quantity Some items elicitec 2 -

This article is protected by copyright. All rights reserved



months

HNNE Pretermterm Resting posture Some items elicitec 1 -
age Movement quality and quantity

(')Negative test resul@positive test resulGMA, General Movements Assessnt; CA, corrected ageGMs, general movementstAl, Movement Assessment of

Infants ATNR, asymmetric tonic neck reflekiINE, Hammersmith Infant Neurological Examination; HNNHBmmersmith Neonatal Neurological Examination

Tablell: Summary opredictve scores for the PrectEMA writhing, fidgety; GMs (Hadder#dgra) writhing, fidgety; crampegdynchronized movements

Sensitivity, Specificity, PPV NPV
Test % (95% CI) % (95% Cl) range  range LR+ (95% ClI) LR- (95% CI)
Crampedsynchronized 70% (54%—82%) 97% (74%— 36%— 74%— 23.43 (2.33-235.49) 0.31 (0.20-0.49)
movement$ 100%) 100% 94%
PrechtiGMA writhing® 93% (86%—-96%) 59% (45%— 8%-68% 80%-— 2.28 (1.67-3.20)  0.13 (0.07-0.25)
71%) 100%
PrechtiGMA fidgety  97% (93%-9%)  89% (83%-— 8%— 80%— 8.80 (5.7-13.5)  0.04 (0.02-0.08)
93%) 100% 100%
GMs (HaddersAlgra)  89% (66%—97%) 81% (64%— 6%-56% 96%— 4.77 (2.49-9.15)  0.14 (0.04-0.44)
fidgety? 91%) 100%

®Analysis conducted in STATAAnalysis conducted iR. GMA, GeneralMovementsAssessmenGMs, generalmovemens; Cl, corfidence interval PPV, positive

predictive value; NPVnegative predictive valué&R+, positive likelihood ratio; LR negative likelihood ratio
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[figurelegends]

Figure 1: Preferred Reporting Items for Systematic Reviews and-Megdysisflowchart for article

screening

CP, cerebral palsy; GA, gestational age; CA, corrected age; GMA, General Movements Assessment;
GMs (HaddersAlgra);-general movement classification according to Haddkysa; HINE, Hammersmith

Infant Neurological Examination; MAMovement Assessment of Infants.

Figure 2: Summary ofQuality Assessment of Diagnostic Accuracy Studmsres across all included
articles

Numbers on graph sections represent the number of articles with high, unclearrisk of bias.
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