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FAQ Functional Assessment Questionnaire

FMS Functional Mobility Scale

GOAL Gait Outcomes Assessment List

GPS Gait Profile Score

ICF International Classification dfunctioning, Disability and Health
IGA Instrumented gait analysis

AIM Weinvestigate the validity ofthe Gait Outcomes Assessment I((SOAL), asan
assessmermf gait function in children witlserebral palsyQP).

METHODMWe studieda prospective cohort of 105 children with CP (Gross Motor Function
Classification SysterfGMFCS levels HIl; 65 males, 40 femals; mean[SD] age 11y 11mo
[y 5mo], range 6—-20y), who attended gait assessment over a 10-month Pereds
completed th&OAL, Functional Mobility ScaleRMS), and Functional Assessment
QuestionnaireKAQ) during their chil&s gait evaluation. Ninety children completed
instrumented.gait analysigkGA). Total GOAL and domain scores, Gait Profile Sc{(&PS)

and Gait Variable Scosavere calculated.

RESUL TS Thetotal GOAL discriminated between GMFCS levéisean[SD] GMFCS |
72.5[12.7] GMFCSII, 61.4 [13.0] GMFCSIII, 38.8 [10.6]; F2,97=42.4,p<0.001).

Moderate correlations were found betwéatal GOAL and FMS(5m and 50m=0.59; 500m
r=0.66) and FAQ walkingr=0.77)and activities lis{r=0.75,p<0.01).There was a moderate
negative correlation betweéntal GOAL and GPYr=-0.59) andjait appearancgomain

and GPYr=-0.52,p<0.01).

INTERPRETATION The GOAL is a valid assessmagitgait function in ambulant children
with CP. Ithas the potential tanprove understanding of the chddandparens’ priorities

and thusjn conjunction withlGA, provide amore balanced assessment across the domains
of the World"Health Organization’s International Classification of Functioning, Disability
and Health
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[Boxed text to appear on page 2]

What this paper adds

. TheGait Outcomes Assessment LIGQAL) can discriminate between Gross Motor
Function, Classification Systelavels.

. The'GOAL correlates witstandard functionalssessments and gait analysis

. Usedwith gait analysisthe GOAL providescomprehensive assessmaatossall

International Classification of Functioning, Disability and Health domains.

[Main text]

Approximately__twethirds of children with cerebral palsy (CP) are ambulant.
Musculoskeletal impairments affect many aspects oftiid's physical functioning, limiting
their levels: ‘of/ physical activity and participationChildren with CP often undergo
interventions designed tmodify the natural history of musculoskeletal pathologies and
improve theirgross motand gait function, including injections of botulinum neurotoXin
physiotherapy, orthogalic surgery,and neurosurgical treatment such as selective dorsal root
rhizotomy? It is extremely important to be able to accura@épesshe outcomes of these
interventionsOutcome assessmeannust consider a chilsl level of function across multiple
domains® The World HealthOrganization'sinternational Classification of Functioning,
Disability and.Health(ICF)* provides a useful framework for the development of such
assessmesi The ICF considers health conditiomsthree domains: body structure and
function sactivities and participation. These domains are influenced by environmental and
personal factors.

A meaningful outcomeassessmentor children with CP should capture the
multidimensional nature gshysicalability, consider the contextual factors that contribute to
functioning, ‘and, reflect thaspirationsand expectations of children and their parérts
Currently, gross motor and gait function in CP is assessed using a variety of eutcom
assessmesf Althoughthese assessmemprovide a wealth of objective information about a

child’s motor function, they generate little information about the shdd parentsviews of
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functioning, and do not attempt to understand their priorities or expectations. Currently no
singleoutcomeassessmenncludesall ICF domains.

To judge the effectiveness of any intervention in children with CP, it is important to
understand the priorities and expectations of the childoaneht It is widely accepted that a
family-centredapproach tanterventionimproves motivation and outcom&$Research has
shown that in many casesterventionprogranmes for children with CP are not always
aligned with"theaspirationsor expectations of the famif/If we canassessnd understand
family priorities and expectations, we may be able to align the aims of clinicians with those
of families and,improve outcomes of interventions for the child satisfactioh

The, Gait Outcomes Assessment L{&OAL) is a new outcomessessmento
evaluate gait’ priorities and functional mobility for ambulant children with CP. It was
developed by “a multidisciplinary team at The Hospital for Sick Children dronio,
Canadd® The GOAL is the first outcomassessmertb be developed bydirect input from
children with CPandtheir parents. Healtbare professionals were involved subsequently to
provide their inputThere are two versions of the questionngmaentand child.The GOAL
assesses the«¢hitd performance using8 items (in both versionp grouped intoseven
domains.The GOAL questionnairedraft 4.3 parent versigrwas used in this studyrhe
GOAL questionnaire and scoring details can be foundppendces S1 and S2(online
supporting infermation)

Theaimof this studyis to investigate the validity of the GOAL as assessmeruf
gait function in ambulant children with CP.

The GOALwas introduced to the clinical assessment matrix of the Hugh Williamson
Gait Analysis Laboratory in 201€onstruct validitywas examined byassessing thebdity
of the GOAL to_discriminate betweelevels of theGross Motor Function Classification
System(GMFCS)**

Concurrent validity s assessed comparing the GOAL with two related valid and
reliable assessmestof motor function, th&unctional Activity QuestionnairéAQ)*** and
the Functional“Mobility ScaldFMS)**™° and thecriterion standard for measuring gait

function,instrumented gait analysfgGA).

METHOD

This was a prospective cohort study.

Participants
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Inclusion criteria werechildren with a diagnosis of GRlassified inGMFCS™ levels | to I,
andregisterednthe Victorian Cerebral Palsy Registeged6 to 20 yearsand who attended

a gait analysis laboratory between Mawanid December 2014Children were excluded if
their parent was unahl®r declinedto complete the GOAL, including parents of a fion
English speaking backgroumeho could not complete the GOAL without the assistance of an

interpreter

M easur es

The GOAL _questionnaire, FAnd FMSwere completed as part of thdugh Williamson
Gait Analysis Laboratorglinical protocol following standardized procedures at the time of
gait assessmeniThe study was approved by The Royal ChildseHospital Ethics
Committee(HREC 34234A).

The FAQ is a 1€point scale othetypical level of a chilts walking function in their
community environment, with a further 22 items of gross motor skills. The walkiihg isca
scored from Icannot take any steps at @b 10‘walks, runs and climbs on level and uneven
terrain witheut.difficulty or assistanceAdditional items that the child can do are nofEde
FAQ is a measure of performance. The parent completes the rating of thi$cale

The FMS is a performance measure, classifying mobility on the batie afse of
mobility devices across three distanceésy 50m, and 500n, which represent home, schpol
and community distances. Assessment is by the clinmmathe basis ofjuestions asked of
the parent or child. The mobility of the child is scored from 1 to 6 for each distankel wit
representing Use of a wheelchair and 6 representing independence on all $tiffaces.

The GOAL questionnairelraft 4.3 parent versigmvas used in this studfhe GOAL
was completedon paper by parentsvith the questionnaires kept in tidugh Williamson
Gait Analysis Laboratorylinical records Two researcher§AD, AT) enteredGOAL item
data into.a. formulaprotectedMicrosoft Excel 2013 spreadsheet provided thg GOAL
developersSecoring of the GOAL was performed automatically by the inbuilt formula of the
spreadsheet

The GOAL consists of 48 items grouped isvendomains domainA: activities of
daily living and.independencedomain B: @it function and mobility domain C: pain,
discomfort and fatiguedomain D:physical activities, sports and recreatiolomain E: @it
pattern and appearanaomainF: use of braces and mobility ajgdomain G: lody image
andselfesteem

Appendix S1 (online supporting information) details the GOAL scoring procedure and
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management of missing datacores are additive to provide the item score. Scores for each
domain and for the total GOAL are standardized and range from 0 (worst) tbesd0 (

Standardizedtem, domain andtotal GOAL score were calculated for eaathild. The
maximumtotal GOAL score is 100 and a higher GOAL score equates to higher function.

IGA iis eonsidered theriterion standardor the assessment of gait functiBrirhe Gait
Profile Score(GPS) is a single index measure tisaimmarizesthe overall deviation of
kinematic “data félative to typicajait data'® The GPS consists of nine key kinematic
variables, known as the Gait Variable Scores, which can be presentawasraent analysis
profile. The, GPScan be used to monitor progress, and to evaluate the outcome of
interventions->2* It has been shown to balid and reliablé®?* The GPS is measured in
degreesa higher GPS indicates greater deviafrom typical gait.

IGA was performed using a 84z tenrcamera Vicon systenfOxford Metrics Group,
Oxford, UK). Reflective markers were applied to landmanksing a standardized
proceduré’_Kinematic data were calculateasing Plugin Gait (Oxford Metric Group
Oxford, UK). Kinematic data were captured during barefoot walking with or withouisbe
of assistive.devices, depending on the c¢hildsual walking abilityGait Variable Scores
GPS, ankle,dorsiflexion at 20% of the gait cycle, and maximum knee extension during stance
phase werecalculatedfrom the kinematic dataAll data for this study wre stored in a
passworeprotected database thieHugh Williamson Gait Analysis Laboratory

Statistical analysis
Statistical analyess were performed usir@tata 13StanCorp, College Station, TX, USA).

Onface valuedomainA (activities of daily living and independer¢cdomainB (gait
function and_mobility), anddomainD (physical activities, games and recreatioeg¢rato
relate most closely to gross motor functisnthe GOAL andthese domaiscoresvere used
for analysisin.addition,domainE (gait appeararg) was used for comparison wikinematic
data.

To rassess the discrimmiaability of the GOAL, comparisaof the meantotal
GOAL, domainB anddomainD for each GIFCS level using ongvay analyss of variance
(ANOVAS),‘and. posthoc Scheffés test were conducted. Domain A scores displayed a
positive skew and required n@arametric analysis usingkauskal-Wallis H test.

To evaluate concurrent validity widssessmestof motor functiontotal GOAL and
domain scores were correlated with FAQ and RMBgSpearmais rank correlation.

Concurrent validityof thetotal GOAL asanassessmertf gait function was assessed

This article is protected by copyright. All rights reserved



usingSpearmats rankcorrelations and linear regression analyses comparingtélé€sOAL
and domain scores withe GPS.

RESULTS
Data from “205"childrer(65 male, 40 femals) were included. There were 27 children
classifiedin GMECS level I, 58 in level I, and 20 in levelll. The mean(SD) age was
11lyears IImonths 8y 5mo),with a range of 6 to 20 yearShe GOAL wascompleted by
the parents oéll 105 children However,missing itens resulted insome domairand total
GOAL score not beingable to bederived. Tabld shows the summary statistics of tio¢al
GOAL and.domairscoresNinety children completed IGAL5 had arvideo-basedassessment
of their gaitand as such had no kinematic data for inclusion incthaparison

Thetotal GOAL exhibited a normal distribution. Domain (Activities of daily living
and independence) addmainC (pain, discomfort, and fatigushowed a positive skewhe
other domains were normally distributed.

Discriminantvalidity

A oneway ANOVA founda significant difference betweehe total GOAL anddomairs B

and D peiGMFCS level(Fig. 1). A Schefe’s posthoc test revealed th#tetotal GOAL and

domain scoresvere significantly higher for GMFCRvel | thanlevelsll or Ill, and thatthe

total GOAL was significantly higher for GMFCSevel Il than for level lll. The difference
between meatotal GOAL and domairscores for GMFCS levelJersusll was substantially
less than the difference between GMFCS Ielleandlll (Tablell). A KruskaFWallis H test

determine that domairA differed significantlybetween GMFCS levelg?=3.50,p<0.001).

Concurrent validity
Spearmais._rankcorrelations revealed moderategood positive relationships betweehe
total GOAL=and" FAQ Linear regressions established that the F#e@ predict thetotal
GOAL. FAQwalking accounted for 56% of the explained variabilitthimtotal GOAL, and
FAQ activitiesaccounted for 54% of the explained variabilitytle total GOAL. Domain B
had the stromgest correlations with FAQ. Linear regression found that FAQ walking
accounted for 64% of the explained variabilitydomainB, while FAQ activities accounted
for 61% of the explained variability idomain B.Correlations andegression equiains are
displayed inTablelll .

There were moderate positive correlations betwbetotal GOAL and FMS for B,
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50m,and 500n, with 500m the strongest. Similar results were founddomains A,B, and D
(Tablelll).

Of the 90children whohad an IGA, 8%otal GOAL scores were generated with a
mean(SD) of 62.2(5.9;range 17.894.7) Thetotal GOAL hada moderate t@ood negative
correlation withrthe GP8§=-0.66,p<0.01). Children who scored the hightstal GOAL had
the lowest GPS,; and vice ver§ag. 2). Domains B,D, and E ehibited similar correlatiors
with the GPSas theGOAL (Tablelll).

DISCUSSION

Through the emphasis tfe ICF model of the health conditidrthe GOAL was developed to
assess gait'function for ambulant children with CP. It is theafgsessmerid incorporate the
child’s and parentspriorities and expectations with direct input from children with CP and
their parents during its developméhtThe GOAL has the potential for being a more
meaningful assessmento evaluate interventions used to improve gait and function.
identifies how difficult each item is and how important achieving the item is as a desired
outcome. Altheugh the importance does not contribute to the scoring of the GOAL, and as
such was not evaluated in this stuttigntification of specific priorities and preferences may
influence decision makingabout choice and timing of interventions to achieve these
aspirations Meaningful discussions with the child apdrentcan be initiatedgiving the
opportunity for education and planning to inform clinical decisions about managemeat and
align clinical aims with those ohe child andparent The GOAL may be usedot only to
evaluate interventions bt ensure better engagement of the child paicntwith improved
outcomes for the child

A previous studydemonstrate that the GOAL haxcellent internal consistency,
good rdiability, and excellent face and content validityThis study evaluated the validity of
the pareris. version of the GOAL aan assessmentf gait and gross motor function for
ambulant children with CHDiscriminant and concurrent validity of the GOAL was tested b
comparison=withcriterion standardassessmestused to evaluate gait function in children
with CP.Thetotal GOAL anddomain scores were used for comparison.

Animportant finding ofour study was that theéotal GOAL can discriminate
between GMFCS levelsto Ill. There were significant differences in the scores between
GMFCSlevel | versis I, and Il versts lll. Similar results were found fatomairs B (gait
function and mobility) andD (physical activities, games and recreatioljgnificant

differences between GMFCS levels were also founddfomain A using nomparametric
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methods. For all comparisons, there was a smaller difference in thdot@anores between
GMFCSlevelsl and Il than betweelevelsll and Ill. This resuliwas to be expected, as the
differences between GMFQB8vels| and Il arelesswell definedthan between other levels.
Substantial variability has been shown in the distribution of GME@&SsI| and Il between
population registrie&’ suggesting a degree of uncertainty.

Thetotal GOAL was found to have moderate correlation veiisessmestof motor
function, the FMSand the FAQ. This suggests that the GOAL dassessa similar construct
to these teols, and can be interpreted as a waessmeraf gait function. However, the
spread oftotal, GOAL scores across individual FMS and FA€tegorieswas quite
substantial,, The relatively fewemsin these twacategorical assessmennay explain this.
The FMS has jussix categoriesvhile the FAQ haden on its walking scale and 22 on its
activities scale. Theotal GOAL contains more items and usestandardizedcore ranging
from Oto 100; thereforecontinuousscores are possible. It may be that within each FMS or
FAQ categorythere is a broad range of gait function, which is only detected with a more
comprehensivassessmerguch as the GOAL. The GOAL alsssessemultiple facets of
function, sueh.as sedstem and pain, which are not included in the FAQ and FMS and so
may explain the' moderate correlatiodomains B and D were also able to differentiate
between varying levels of functional mobility within our cohort.

The EMS and the GOAL are designedagsessnobility; howeverthe GOAL was
designed for ambulant children onlshereaghe FMS can be applied to the entire spectrum
of children with CP and is not disease specffic The clustering of high FMS scores in this
study, compared with the normal distribution tdtal GOAL, may indicate that the two
assessmestare not mutually exclusive, and can provide different levels of information for
the clinician.The GOAL allows clinicians to assess the cHildbility to perform a range of
activities over a range of environmeni$e additional items from the FAQ provide extra
informatiofi.however many of the activities listed are agependent® For children who are
too young-torperform a task, the scéoe the activity is zerq equivalent to the child being
unable to perferm thactivity because ofunctionallimitations One advantage of the GOAL
is thatits.developers havéaken this issue into consideration, offering the opportunity to
score an itemidomainD as‘not beenperformed within the last year

It was not expected that tleerrelations between thetal GOAL and FAQ andhe
total GOAL and FMS would be perfect. However, similarity implies that these are
complementary tools.

Comparison of theotal GOAL with a measure of gait functigrihe GPSlevel of
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body structure and function of the IChowed the strongest correlatiddimilar results
were found withdomairs B, D, and E.These were a negative relationshipvhich was
expected as a highd¢otal GOAL and a lower GPS indicate more typical gait function.
Although the correlation obtained was only a moderate negative relationshiggsthitsstill
provides support for the GOAL being a vaddsessmeruf gait function in children with
ambulant CP.

Domain E(gait appearanceshowed moderateorrelation with the GPS.his was an
unexpected findingas we thought this would show the strongest relationgbgmain E
contains the items that we considered a priori to be most closely relg@tparameters.

IGA datahave been used aalidation criterisbecausehey arethecriterion standard
for assessfment) of gait functibh However, IGA has limitations including expense and
limited availability. More fundamentally, kinematic ddkeat measure structure and function
may not reflect the child and parerst’ priorities Kinematic data generated give objective
information_about how the child walks gmnwidth interpretationcan tell the impairments that
affect the chilés gait howeverthey donot tell us the effect of the impairment with respect
to how diffieult;0r how important an issue this may be to the childpsmdnt The GOAL
allows clinicians to better understand the ckildnd families priorities and what they
consider impodnt. The GOAL willcomplement existingissessmestandprovide much

morecomprehensive assessmenguide management for ambulahildren with CP.

Limitations

There are several considerations for the use of the Gtbalthave been highlightedhis
current study evaluates the discriminant and content validity of the GOAL as a tool for
assessing gait_function in ambulant children with CP. Howeluether studies will be
required with larger cohorts, from multipteentres to assess validity anctliability of the
GOAL in different populations.

The developersf the GOALhave recently completats validation with respect to
item selectiong“facecontent,and construct validity’ Further refinement of GOAlitems
includedmay be required. The use R&sch analysis teemove redundant itentg to weight
itemsmay impreve the ease of completion aclohical usefulness of th @ OAL. Longitudinal
assessments over time would also be valuédblestablishits stability andto determine
whether GOAL scores follow the known trajectory and natural history of mototidania
children with CP Also, further quantitative and qualitative analysis of timeportance’

component of the GOAL is required.

This article is protected by copyright. All rights reserved



In this study the parent versio of the GOAL was used for analysiturther
evaluation of thechild versionis required. It will be essential to study the differences in
perspectivesind prioritieshetween children and their parentgritten feedback from parents
was encouraged whilbey were completing the questionnaire. This feedback is discussed in
AppendixSL

Assessment of the GOA& sensitivity andresponsiveness aftertervention is also
important,“as it should be able to detect clinically important chaaftesnterventionsuch
as physiotherapy, botulinum neurotox# injections, a&ad orthopadic surgery Further
studies to establishesponsiveness aral‘minimal clinically important differencefor the
GOAL are'required.

CONCLUSION

This studyestablisheshe preliminaryvalidity of the GOAL in measuring the gait function of
ambulant children with CP. Evidence was found for the discrimhinalidity of the GOAL,

and correlations were demonstrated with standasgssmestof gross motor function and

gait. The GOAL' providesneaningful information about a chikl function across multiple
dimensions; accounts for the environmental and personal factors that may contribute to
function eeAppendix S2 online supporting informatign and assessethe priorities and
expectations.efchildren and their parents.

The GOAL will allow clinicians to better understand the motor abiligEgyrities,
and expectations of ambulant children with CP amdmprove decision making about
appropriate interventions. The GOAL will be an invaluable addition t@$isessmeribols
available for gaifunction in CP.

ACKNOWLEDGEMENTS

We thank.'Karen Sosa, Clarissa Engiaad Mary Sheedy for their assistanbk external
funding was received in support of this studiisis paper was awarded The Gayle G Arnold
Award for=best free paper at the American Academy Cerebral Palsy and Developmental
Medicine,#0th Annual Meeting, September 2016. The authors have stated that they had no
interest that'could be perceived as posing a conflict or bias.

SUPPLEMENTARY INFORMATION
The following additional materials may be found online:

Appendix S1: Additional information

This article is protected by copyright. All rights reserved



Appendix S2: Gait Outcomes Assessment List panegrision.
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Table|:"Mears (SD) for the Gait OutcomesAssessmeritist (GOAL) and domain scores

GOAL Mean(SD)

GOAL score (=100) 59.9 (16.9)
Domain A activities of daily living and independenace=09) 75.0 (21.7)
Domain B gait function and mobilityr=100) 65.8 (20.9)
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Domain C pain/discomfort/fatigu¢n=92)

Domain D physical activities, games and recreatfon76)
Domain E: gait appearance<102)

Domain F: use of braces and assistive devige87)

Domain G: body image arsklfesteem1=100)

73.2 (20.9)
43.1 (22.4)
46.3 (24.1)
50.8 (27.7)
47.4 (19.1)
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Tablell: Comparisons of means thfe Gait Outcome Asessmeritist (GOAL) and domain scores byr@sMotor Function Tassification
System(GMFCS)level

Mean (SD) ANOVA Scheffes test

Difference Standarderror
means (95% CI)

GMFCS | GMFCS I GMECS Il Fqp Comparison

GOAL 725(12.7) 61.4(13.0) 38.8(10.6) Fpor42.4

(n=100) -1l 11.1° 2.96 (3.8-18.5)
111 33.7 3.69 (24.5-42.8)
1=l 22.5' 3.28 (14.4-30.7)

DomainB=81.1 (13.6) 69.2(14.5) 36.2(12.0) F(e=64.1

(n=100) -1l 11.9° 3.27 (3.8-20.0)
111 45.0" 4.08 (34.8-55.1)
=] 33.0% 3.63 (24.0-42.1)

DomainD 60.9 (18.2) 42.6(19.7) 19.6(8.7) F3=23.9

(N=76) -1l 18.3 4.75 (6.4-30.2)
111 41.2 5.97 (26.3-56.1)
1=l 22.G' 5.34 (9.6-36.3)

%<0.001-ANOVA, analysis of variance; Cl, confidence interval.
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Tablelll: Correlation coefficients dhe Gait Outcome Asessmeritist (GOAL) and

domain scores witthe Functional Assessment QuestionndiFAQ), Functional Mobility
Scale(FMS), andGait Profile ScoreGP9

GOAL Domain A Domain B Domain D
FAQ walking 0.77 0.77 0.80 0.68
FAQ activities 0.75 0.7% 0.78 0.67
FMS 5m 0.59 0.57 0.68 0.45
FMS 50n 0.59" 0.60" 0.68 0.61%
FMS 500n 0.66' 0.60" 0.68 0.65
Domain E
GPS(barefeot)n=85 -0.59" -0.52 —0.54 -0.5¢

®Spearmaisr, p<0.01.

Figure 1. Relationship othe Gait Outcomes Assessment L&OAL) to Gross Motor
Function ClassificationGMFCS)levels | tolll.
Figure 2: Relationship othe Gait Outcomes Assessment List (GOAb)Gait Profile Score

(GPS)
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