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ABBREVIATIONS
GMFCS Gross Motor Function Classification System

[Abstraci

AIM Limited information exists on the ability ohitdrenwith cerebral palsyCP)to ride a
two-wheel bicycle, an activity that maymprove health and participatioe aimedto
describebicyclesiding ability and variables associated with ability to ride in children with
CP (GrossMator, Functional Classificatn System [GMFCS]-II) compared withchildren
with typical development

METHOD This} casecontrol studysurveyedparents of 114 children with CP and 87
children with_typical developmenaged 6to 15 yeas (115 males, mean ag8y 1Imo,
standard deviatior§D] 2y 10mo). KaplanMeier methodsvere used t@ompare proportions
able to ride.at.any given age between the two groups. Logistic regressamsed to assess
variables ‘associated with ability to rider children with CP and typical develognt
separathy.

RESULTS The proportion of children with CP able to ride eachlevel of bicycle riding
ability was substantially lower at each atpan peerswith typical developmen(p<0.001).
While mostchildrenwith typical developmenivere alte to ride independently b0 years of
age, 51% ofchildren with CP classifiedis GMFCS level | and 3% of those classified
GMFCS level II had obtained independent riding in the communityi®byears of age
Variables associated with ability tme for children classifiecas GMFCSlevel | were age
andparentrated importance of their child being able to ride.

INTERPRETATION Some ndependently ambulant children with €Bnlearn to ride a
bicycle, in particular if they are classifiedsGMFCSlevell. Variables associated with ability
to ride deserverconsideration in shaping future efforts for the majority of this popwidno

are not yet-able to ride.
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Bicycle RidingAbility in Cerebral BlsyRachel Toovey et al.

What this paper adds

e Skill acquisitionwasdelayed in children witkerebral palsyho hadearrt to ride

e At eachsagea lower proportion of children witterebral palsyGross Motor
Functional Classification SystefGMFCS] levelsl-Il) learn to ride compared with
peers withtypical develoment

e More children withcerebral palsglassified assMFCSlevel | were able to ride
compared withthose classified aSMFCSlevel .

o Parentrated importance and agesassociated with ability to ride in children
classified.axsMFCSlevel I.

[Main text]
On average, children with cerebral palsy (CP) have lower levadartitipation in physical
and recreational activities than their pesith typical develoment® Low levels of physical
activity in childhood have been linked to the development of chronic diseasilimood’
Physical activity has been associated with better quality of life and happinésigliiarcwith
CP3 Bicycle riding may be a means of increasing physical activity and improving overall
health and participation in this population. Existing literature on stationary bikes sugges
improvementsasterms of strengthenirfbendurancé muscle activation,quality of life,® and
bone mineral..density.Further, the positive effects of cycling as a peer, familgd
community-activity in the general population are well knéwn.

Clinical experience suggests that independently ambulant children witfG(Rs
Motor Furi€tion’ Classification System levéBMFCS] I-11)° can learn to ride a twaheel
bicycle given the right conditionsLearning to ride a twavheel bicycle is a common
childhood milestone, andan bea goal for children with CP who want to peipate in a
similar activity to their peersor family. However, there is no published literature
documenting the proportion acquiring this skill and the age at which thew ddoreover,
there are no studies examining how different these outcomes are compareldiémwith
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typical development, or the factors associated with skill acquisition. This iafiemis
important to considein orderto determine whether interventions to imprdueycle riding
for children with CP can, and should, be implemented.

Some dataare availableon bicycle riding in the general paediatric population.
Normative data‘collected fahe Dutch calibration of the Paediatric Evaluataf Disability
Inventory suggest$0% of Dutch children can ridetavo-wheelbicycle for 50m, with help
getting on"and offby the age oft years andmanths’® Results of a Norwegian study report
the mean age at cycling debut @ildrenwith typical developmeras5 years and months,
with 87% of children aged # 15 years riding &icyclefor longer than 1 dur per week'™ In
Australia 64% of children age8l to 14 years are reported to participatebicycleriding at
least fortnightly*? but data regarding proportions able to ridel age at skill acquisitioare
lacking.

The primary aim of this study was to determine the proportion of independently
ambulant children with CP (GMFCS levels | and II) able to ride awiveelbicycle at any
given age,.and their average adeskll acquisition, compared witbhildren with typical
developnent, The secondary aim wao examine variables associated with ability to ride a
two-wheelbicycle in each group. It was hypothesd that the proportions of children with
CP able to ride ' would be low#ranchildren with typical developmertt each age, and skill
acquisition weuld occur at an older age, if at all.

METHOD
Ethics approval for this caseontrol studywas granted by the Human Research Ethics
Committee at the Royal Children’s Hospital, Melbourne, Australia.

Participants

Parents or.primary carers of childremre eligible to participate if they met the following
inclusion criteria(1) had a child aged ® 15 years(2) had a child able to walk 50mithout

a mobility raid=er physical assistance (GMFQ&vel I-II if child with CP); (3) child and
family livingsin the state of Victoria, Australig) Englishlanguage proficiency(5) current

contact details,were available.

Recruitment
Participants were recruited and data colleaiedr an 8-week period in April and May 2015.

Written informed consent was obtained frparticipants
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Children with cerebral palsy

Eligible parents or primary carers of children with CP were identified from the Victorian
Cerebral Palsy Registean ongoing register of individuals with CP who were born or
residentin the"Australian state of Victoria from 1970 onwards. Invitations dod-fop
reminders/to complete an online survey were sent by maihileto 662 familiesThe
study was'also advertised on a CP research centre website and through paediatric

rehabilitation clinics.

Typically developing controls
Recruitment of parents or primary carers of children with typical developranprimarily
via snowball recruitmenBSnowballrecruitment meanparents invited througtihe CPregister
were also invited teespond on behalf ainy 6 to 15yearold siblings of children with CP
and to pass_on the invitation to other eligible parentshdéiren with typical development
Additional*, methods of recruitment for the typically developirgyoup included
advertisements.on the website of a children’s research institute and invitation to a
convenience sample of eligible parents known to the study investigators.

Rarticipants werexeludedfrom both groups if their child had other developmental
disabilites, visual impairmentor medical conditions that could affect their ability to ride a

bicycle.

Data collection

A customizd webbased survewas designe@nd managed usingEDCap electronic data
capture tools> The sirvey comprised 20questionsrelaied tothe following threedomains:
child characteristic§(10 items; see TableSI, online supporting information parent and
family characteristic¢3 items;see Tablesl), andtheir child’s bicycle riding ability (7 items
[see Tabld]=+age at skill acquisitionFurther etailsregarding survey administrati@an be

obtained fromsthe authors on request.

Child characteristics
Child characteristicincluded mrentrated GMFCS level ¢erebral palsygroup only)’ age,
sex birth order,intellectual status* schooing type, prior experience on other types of

bicycles,and prior experience withicycle-specific therapy or progranes.
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Parent and family characteristics

Parent and family characteristioscluded sex of the participating parenénd residential
postcodewhich was collected to provide a measure of social advantage/disadvantage and
remotenessusing the Index of Relative Soesxonomic Advantage aridisadvantage and

the Accessibility and Remeness Index of Australieespectively:>*® Parents/carers also
provided a rating of importance of their child being able to rideycle,and family interest

in bicycleriding, on afive-pointadjectival scale

Child’s bicycleriding ability

Participants reported their child’s ability to ride by stating whether their chilebhbdd not
achieved each level of abilityising the descriptors shown in Tallleat the time ofdata
collection Age ‘at skill acquisition was defined as the age at which the child couldtvae a

wheelbicycle forn20m independently botay need help to start.

Statistical methods

Sample size

Sample size calculations indicated that 188 participants (94 per group) woulfidierd to
detect a clinically meaningful difference of 20% in bicycle-riding ability betwiae CP and
typically developing groups, based on the assumption that 70% diittren with typical

developmentould ride ebicycle!* and assuming 80% power (a:=0.05).

Statisticalanalysis
Descriptive,statisticavere used for presentation of witkgmoup resultsGroup characteristics
were compared” using testsfor categorical data antitestsfor continuous variablesTo
compareabilityto rideat each agéetween thehildren in the CP antypically developing
groups,while accounting for a spread of ages in each grthg proportion able to ride at
each agewvith itsistandard error was estimated and graphed using the Kijgdam method
for each groupy’ analysis was used to compare the proportion of children able tagide
group, andheWilcoxon ranksum test was used to compare median age aasklisition.
Logistic regression analysis was used to determine variables associated with ability to
ride within each groupseprately. Crude analysis wasnitially undertakeninvolving
univariate logistic regression to examine the relationship betweeablesand ability to

ride. Variables with significant differenc€s<0.050) in theproportion of children reported as
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able to ride orunivariate analysisvere analysed for independence usiagorward stepwise
multivariate logistic regressiomodel,adjusted for differences betwethe groug. Variables
were removed from the model tiie p-value was greater tham10Q Data were analysed
using Stata version 13.1 (StataCorp, College Station, TX, USA).

RESULTS

A total of 201 responses were collected from the parents of 114 children with @Brants

of 87 children with typical developmentheresponse ratwas 17% fron663 invitedparents

of children with. CP. A response rate could not be determined for the control group given the
snowball recruitment strategy.

Child, parentand family characteristics are shown in TaBleExcluding dfferences
associated with  CRsignificant difference¢p<0.050 between theyroups were found in the
following child-relatedvariables: age, prior experience on a trigedprior experience on a
balance bike(also known as a walker bikeand the familyrelated variables of relative
socieconamic adantage/disadvantage (Index of Relative Semonomic Advantage and
Disadvantag):>«and geographical remotenes8c¢essibility and Remoteness Index of
Australid.*®.The/groups werevell matched for child'sexandbirth order andotherparent-
and familyrelated variables.

Ability to ride a bicycle

Proportion_able to ride atifferent ages

There were clear differences between the CP typitally developinggroups inthe
proportionsable to ride at eacyear of age<0.001; Fig.1 andTablell). These resultselate
to the child being able to rids levell (able to ride20 m independentlyput may have help to
start) however,similar proportions andetweengroup differences were seen fallity to
ride at theotherlevels of riding ability describeth Table I. Moreover, only sixhildren in
the CP group(GMFCS level I, n=5; GMFCS level IlI, n=1) andthree in the typically
developinggroup who could ride at the least challengieyel (level 1) had not yet
accomplished riding at the most challenging I€lelel VI). Taking into account differences
in ages between the groups and theke were not able to riges0% of the children in the
CP group werestimatedo beable to rideatagel0 years andl1 months versus 5eaarsfor

children in the typically developingroup £<0.001)(seeFig. 1).

Median ge at skill acquisition
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For those children with CP who did learn to ride, the mediaratgkill acquisition reported

by parents wa6 years and months(interquartile rang&y 2mo-9y Omg range § 6mo-12%

6mao). This was significantly later than the median age at skill acquisition reported by parents
of children with typical developmerfimedian5y, interquartile rangdy 5mo-5y 7mg range
3y—10y 10mo)<0.001).

Variables associated with ability to ride

For this analysis, ability to ride was defined as the child being able to rde-aheel
bicycle independently in the community, the most challenging level of abikeyel( VI;
Tablel). On.univariateanalysis, ability to ride in the CP group was associated with GMFCS
level, current @gethe importance parents placed on their chi¢hg able to ride &icycle,
andexperience’on a balance bikgable I1I).

Only one child of the 3§3%) classified as GMFCS level 1l was reported as able to
ride independently in the communjtyvhereas4l of the 81 (51%) children classified a
GMFCS level | were reported to ride at this lev@iven that this child alsohad missing
values for ethewariablesincluded in the modemultivariatelogistic regression analysis was
undertaken, for childrewith CP classified as GMFCS3evel | only. However, tis fact
combined withthe results ofunivariate analysjsprovides strong evidence to suggest that
children classified a&GMFCSlevel Il are less likely to bable to ride than children classified
as GMFCS level.

Results of the multivariate analysis (Tablg) suggest that for children with CP
(GMFCsSlevell), ability to ride independently increases wihch year of ageand parents
placing higherimportance (important or very importantyersuslower importance (not
important to_somewhat importgnbn their child riding. Furthermoreability to ride
independety is positively associated withaving experience on &alance biken a child
with CP(GMECSIevell); however, this was not significant in the final model.

In thetypically developinggroup, the child’scurrent age and parenal rating of
importance=ofability to ride abicycle were associated with ability to ridedependently in
the communityon univariateanalysis(Table lll). Both variables remainedassociated with

ability to rideenmultivariate analysigTable IlI).

DISCUSSION
This is the first published study to examine the proportion of independently ambulant

children with CP able to ridetavo-wheelbicycleand age at skill acquisition. We found that
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while the proportion of children able to ridecreasedvith age across botGP andtypically
developing groups, the proportiaraslower atany given age for children with CP. Given the
motor impairments and activity restrictions associated with CP, these results are not
unexpected.The findings highlight the challenges childrewith CP face when learning
complex=butfunctional motor skills such as ridingieycle, by documentinthe size of the
gap between children functioning at the highest levelsiatior function ancthildren with
typical developmentThe results alschighlight that independently ambulant children with
CP, in particular those classifieals GMFCS level ] without additional comorbidities, can
learn to ride aicycle independentlygiven the right conditions. tAhe same timéhe study
raises questions'arounathy manyof these childremre currentlynot ableto ride abicycle.

Thereasons fodelayed skill acquision in children with CP who can ridearrant
further attentionFor example, parental concern around the safety of their child vatbrm
problems riding: a twavheeled bicycle may exist as a legitimate barrier to achieving
independent riding in the community. The complexity of factors that contributettwr skill
acquisition.in this population means it cannot be assumed that delay with other grmss mot
activities, seh.as walking; is directly related to a later age at learning to rideaddition to
a later age.at skill acquisitiorjgure 1 shows plateau inthe proportion of children with CP
able to rideafter10 years of age. Thimay indicate that children antbeir familiesareless
inclined to pursue leamg to ride abicycle afterthe ageof 10 years a hypothesis consistent
with researctthat indicatehildren with CP become less active as they transition into their
teenage years

While this study does not attempt to disentangle the reasons why a lower proportion
of children withCP are able to rideb&cycle, nor for the delay in skill acquisition, it does
considersomefactors associated with ability to ride. It was expected dsatge increased,
the proportion able to ride would also increase in both grogipen that older children had
more time'to.acquire the skill. The result that children with CP of greater functional mobility
(GMFCS leveltl) have increased odds of being able to ride is not surprising given the
differences=inzlocomotor ability seen between GMFCS levels. Consideration ofiiltfs c
functional.mability level may help parents of children with CP and cliniciaoiking with
these familiesyset realistic goals and bicycleriding. However, the variables that emerged
as associated with ability to ride suggest the factors contributing to ridinty apoilbeyond
physical impairmentThe findings that the importance placed dricycle riding by parens
and prior expaence on a balanckicycle were associated with ability to rida children

classified as GMFCS level | indicates the potential influenceof parental attitudesand
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opportunities for taskelated practiceon motor outcomedt appears many of the children
with CP who had learnt to ride did so in informal settings with their families, in particular if
their parents placed high importance on learning to ridesd& lnesults point to thefluence

the child’s enironment has onkdl learning; however, further information regarding the
barriers and-facilitatorotriding abicycle perceivel by families at both the skilearning and
participation levels would be beneficial to understandredationshipbetter

Interestingly, bicyclespecific therapy was not found to be associated with ability to
ride. However a relatively small sample of children had experienced this thena@y Y and
the specifics of the therapy were varied and poorly defihéte is known about what
cumrent practices involve for clinicians or teachers when traibigycle skills in this
populations” What impact the paucity of evidence and lack of directicavailable to
professionals and families has on thieycleriding ability in this populations unknown.
Bicycle riding i3 a popular activity' yet there are ngeerreviewed published studies
focusing on_learning to ride bkicycle in children with CP. Moreover, although research
supports activityfocusedtaskspecificinterventions directed by goals that are meaningful to
the child andsttie family,'®*° the evidence is minimal when it comes to approaches for
learning specific complex gross motor skilisthis population The majority oftaskspecific
training fésearh"conducted is related to improving hand function or-czié®* Direction is
lacking in terms of how to approabicycleriding skills, in particular regarding effectiveness
of motor learning strategiemcluding dosage, deliveryand responsivenes3his study
highlights the need for further research into motormliear approaches fdricycle ridingfor
the majority of children with CP (GMFElevels | andl) who are not yet able to ride.

This is also the firsknown studyto examine the ability ofustralianchildrenwith
typical developmento ride abicycle and their age at skill acquisition. The majority of
children with typical developmein this studywere reported aable to ride independentig
the communityindicating that learning to ride laicycle is common inAustralian children.
The age at'whicb0% of children with typical developmeint this study could ride hicycle
20m with helpsstarting (5y) was later than the age at which 50% of Dutch children iceuld r
a bicycle 50mwith help getting on and offdy 6m0g).? Although differences in the outcome
measured limit, comparison of these results, both outcomes réiledearningstage of
bicycleriding. The later age found farhildren with typical developmerm this study may
demonstrate differences in the cultugaesenceof bicycle riding in the Netherlands

compared wittAustralia®
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Limitations

Attempts to reduce confounding between the graugs predomingily madeby employing
snowball recruitmentfothe control group via th¥ictorian Cerebral Palsy Registas the
primary form of recruitment However, there were limitations to this study design as
differences ©ines=some characteristics between the growpsre found including age,
socioeconomic statusnd geographical remotene§3her betweemroup differencesvere
expected ‘andikely"due to the cognitive and physical impairments associated wittf CP
given children with typical development were excluded if they had a disability.

While a. number of potential confounding factors were accounted for through
eligibility criteria and data analysethe casecontrol design made it challenging to balance
identification of all potential confounders with realistic recruitment and clataction.This
meant somepotential confounetrs may be left unaccounted for. Additionally, variables
potentially associated with ability to ride in the CP gragych as upper limb function and
motor type_or distributionwere not collectedPotential for measurement bias exists in the
parentrepoted nature of the study. Pareeported ability to ride has not been validated in
either CP ortypically developingpopulations, nor has the definition of levelsycle-
riding ability developed by the authondowever, the survey method proved effective for
recruiting sufficient samplsize

Cautionshould be exercised when generalizing some results to the CP population.
Previous experience on a balarieycle was found to be associated with ability to ride
while intellectual impairment and previouscyclespecific therapy were noffThe small
sample of pards who reported their child hadese specific variabldsnit the interpretation
of these findingsSelection bias can also not be ruled out for either aasesntrols As the
survey was delivered online, this may have excluded some participants without access to the
Internet or'those who are illiterat& he authors suspect the small amount of missing data for
guestions telating tparent characteristics (bottom of Tal§B is a result othese questions

being at the"end"of the survey.

CONCLUSION

A proportioniafindependently ambulant children wi@P dolearn the comigex motor skill of
riding a twewheel bicycle buta substantially smalleproportionis able to ride aany given
agecompared withtheir typically developing peers. tfiey do learn to ride, they do s a
later age These findings support the neéar further research into motakill learning

approache$or ambulant children with GRvhile working closely with families to empower
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children and theiparents andunderstand their perspectives on what influences learning to
ride abicycle Variables associated with ability to ride deserve consideration innghapy

future research or clinical efforts in this area.
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Table I: Descriptos of level of ability to ride

Level of ability to ride

Least | | Able to ride a bicycléno training wheels20m independently but may
challenging need help to start
== Able to ride a bicycle 20m independently, no help needed to start
l [l '} Able to ride a bicycle 50m independently, no help needed to start
IV | Able to ride a bicycle 50m independently and turn corners if required
Most V | Able to ride a bicycle 50m independently, turn corners, and go up an
challenging down hills

ViI<| Able to ride a bicycle independently in communihgluding onbicycle

paths
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Table Il : Comparison of KaplarMeier estimates afumulative proportion able to ride by

selected ages

Age Cumulative proportions able to ride 20m independently but may neg p
(years) | help to start

Cerebral palsyroup Typically developinggroup

%, estimate, SE 95% ClI % SE 95% CI

estimate

4 1.8 0.01 0.4-6.8 12.9 0.04 7.4-22.1 |0.002

14.3 0.03 9.0-22.3 76.5 0.05 67.0-84.8 | <0.001

27.0 0.04 19.5-36.5 |93.4 0.03 85.7-97.7 | <0.001
10 45.1 0.05 35.1-56.4 | 95.6 0.02 88.0-99.0 | <0.001
15 57.3 0.07 44.7-70.6 | 100 - -

SE, standardrerror; Cépnfidence interval.
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Table Il : Statistical analysis of variables associated with ability to ride independently in the

community
Variable associated with ability | Observations | OR 95% CI | SE p
to ride (n)

Cerebralpalsygroup

Univariate(crude) analysis

GMFCS 113 0.03 0.0-0.2 | 0.03 0.001
Parent rating of importance 103 2.20 1.3-3.7 |0.60 0.002
Age at time ofi,study 113 1.30 1.1-1.5 |0.10 0.004
Prior experience on balance bil 103 3.90 1.2-12.8 | 2.40 0.020
Multivariate logistic regressiofGMFCSlevel | only)
Parent rating of importance n=71; pseudo | 7.20 1.9-27.3|4.90 0.004
Age at time of study r’=0.2 1.30 1.1-1.7 |0.20 0.008
Prior experience on balance bil 4.90 0.1-24.5| 4.00 0.060

Typically develepinggroup

Univariate‘analysis
Parent rating of importance 82 2.60 1.2-5.9 |1.10 0.020
Age at time,of study 87 1.80 1.1-3.0 |0.50 0.030
Multivariate“logistic regression
Parent rating of importance n=82 Pseudo | 16.10 2.6-98.0|14.80 | 0.003
Age at time of study r’=0.3 2.00 1.0-4.0 [0.70 |0.040
OR, odds rationCl, confidence interval; SE, standard error; GMFCS, Gross Moiidhal
Classification. System.
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Figure 1. Kaplan-Meier curve of estimates tifie proportion able to ride at any given age by
group. These results relate to the child being abileléoat level [(Table S); however,

similar proportions and betwegmoup differences were seen for ability to ride at the other
levels of riding ability described in Tab®, including ‘Able to ride a twewheel bicycle
independentlysin community including on bicycle patA®, typically developing; CP,

cerebral palsy.
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