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[abstract]

Physical activity and its promotigas well as the avoidance of sedentary behayvpbay
important roles in health promotion and prevention of lifestglated disease&uidelines
for young people and adslwithtypical develomentare availablérom the World Health
Organisitionand American College of Sports Medicihéowever, @tailed recommendations
for physicalractivityand sedentary behaviour have not been established for children,
adolescentsand adults witlterebral palsyGP). This paper presents the first Specific
physical activityand exercise recommendations. The recommendations are bg4¢d on
comprehensive review amhalysis of the literature, (2xpert opinionand(3) extensive
clinical experienceTheevidencesupporting these recommendatiasmbased omandonised
controlled trials.and observatiorstudies involving children, adolescerdad adults wittCP,
and buttressed by the previaysdelines for the general populatidrheserecommendations
may be lusedtguide healthcare providers on exer@aseldaily physical activityprescription

for individualswithCP.
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Exercise Recommendations for People with@& Verschuren et al.
What this paper adds

e Thispaper provides an overview of intervention studies includargiorespiratory
endurancérainingand muscletsengthenindor individualswith CP.
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e Thispaper includes prescription guidelines pertaining to volume, intensity, and
duration of physical activity and exercise for individuals with CP.

¢ We presenthe first CRPspecific, evidencdasedphysical activityand exercise
recommendations, which may be incorporated into a clinical setting.

[main text]

Many children, adolescents, and adults withebral palsyGP) have reduced
cardiorespiratory endurance (the capacity of the body to perform physicatlyabiati
depends mainly. on the aerobic or oxygen-requiring energy systaos)le strengthand
habitual physical activity participatidn® Reducedtardiorespirairy endurance and muscular
weakresshothposesignificant risks for negative health outcomes aratly, cardiovascular
and allcauseé niortality.**Becauseeoplewith CP have lower levels of healtblated fitness
(muscle strength and cardiorespiratory endurance) and reduced lepiysichl activity

they are at higher risk for developing metabolic and cardiovascular diseasdsas'heen
shown by increased miometabolic risk factors, including hypertension, cholesterol, DL
visceral adipese'tissuand obesity in adults with CP** Moreover, we have recently shown
that in a populatiomepresentative sample of adults with CP, there were substantially
increased estimates of chronic diseases, such as diabetes, asthma, hypertension and other
cardiovasculaconditions, stroke, joint pain, and arthrits.

Globally, there is a need to encourggeater participation iphysical activity,
consistentwith guidelineso achieve higher fitness levels, decrease disease risk fatdrs
reduce secondary complications such as early functionafl@&g importance of physical
activity and its promotion as well as the avoidance of sedentary behaviour is indisputable.
Comprehensive clinical outpatient progmass, such as cardiac rehabilitation, have proven to
be costeffectiveand worthwhile in helping patients manage their risk for cardiovascular
disease andther/chronic diseases, but have done so by focusing predominantly on exercise
rather than'thesavoidance of sedentary behavidehysical activity is necessary for the
optimal physieal, emotional, and psychosocial developmesit ohildren Howewer, many
parents, patients, caregivers, educatmg, clinicians have questions regarding appropriate
levels ofphysical activityfor individualswith CP.Healticareproviderscanthereforeplay an
instrumentatole in the promotion of physical activity by encouraging people GRland
their families to integrate ihto daily life.

They caralsoprovide education regarding the rolepbiysical activityto augment

traditional therapy anldow it can be used to maintain physical health into and throughout
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adulthood. hdeed physical activityparticipationcan gradually replace the therapies that were
such an important part of the children and adolescents’ lives, especitifyasansition into
adulthoodLifestyle physical activitycounselling shoulthereforebe a priority during every
visit with a healthcare professionklealthcare professionals should encourage pat{@nd

their caregivers) to ask questions about theysical activitylevels and should provide
specific caunselling to assist widocessibility strategies fghysical activityas well as
suggestions for activity/exercise prescription

Detailed recommendatiomsgardingminimum standards for physical activity and
sedentary behaviolnave not been established for children, adolescents, and adults with CP.
However, global guidelineg®r young people and adults with typical devet@mthave been
published by the World Health Orgaai®mn (WHO).?’ To a large extentheseare based on
expert recommendatiomather than definitive scientific evidena@nd suggest that children
and adolescents showdcumulateat least 60 mintesof moderateto-vigorous intenisy
physical activity per da§*: Moreover, recommendations suggest that sedeh&trgviour
should be limited to a daily maximum of 2 hotf&or adults, the recommendatiarad! for a
minimum of 30.mirutesof moderateto-vigorous intenisy physical activityper day? and that
the amount,of sedentary behaviour shouldnb@misedasmuchas possibleThese general
recommendations, however, do not include specific suggestioteaget groups like people
with CP.

The focus of thipaperis onphysical activityand exerciséor improving health and
fitnessin CP, with specific emphasis on cardiorespiratory endurance, muscle strengthening,
and reduction of sedentary behaviour. The data supportisgréimmmendations atmsed
on previous studies involving children, adolescents, and adults with CP, and are provided in
context with the guidelines for the general population. The benefits of various approaches
initiating and administering a progressaeivity progranme for persons with CRclassified
in gross motor function classification systeBMFCS Levek IV and V, have not been
systematically-evaluateBased on a combination of scientific evidence, expert opinion, and
clinical experiencewe aim to highlight the complex and multidimemsibaspects gbhysical

activity and.exerciséo establish CPBpecific recommendations

CARDIORESPIRATORY ENDURANCE TRAINING

Given thewell-established link betwearardiorespiratory endurane@d overalhealth, it is
not surprising that the adaptivesponsef this fithess componeimas been assessed in
children, adolescentand adultsvith CP. To providethe highest level aévidence, & carried
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out a comprehensive review including only randomised contruoikdd (RCTs) in which
participants redeed cardiorespiratory endurance training versus placebo or no intervention.
This resulted ifive randomsed controlled triad (see Tablé).?*?®These studiesollectively
demonstrate that aerobic exercise trairdaglead tosignificant increasein cardiorespiratory
endurance among individuals with CP.

An ynderstanding of existingvidencebased intervention approachs®ssential for
the development'of ffctive exercise programes for people with CP. Unfortunately, to date
these existionly for children, adolescemiisd adultsvith typical develoment Equally
important isathorough familiarity withtheunique physicaattributes and limitationsf
peopk with.CP.To be able to develop universaigcepted exercise prescriptignidelines
for childrenrand'adults with CRe have relied on a basic and waticepted framework of
prescription'nomenclature to operatiosathe exercise variables from pubkxhRCTs in
this population, including (1) frequendi) intensity,(3) time, and(4) type.We have
evaluated the extent to whichcenttraining intervention studiesere consistenwith current
recommendations related to cardiorespirat@grpbic) exacise as provided by the
American College of Sports Medicit@CSM).?° Briefly, theseguidelines recommend a
frequency ‘of 5 days/week of moderate exercise or 3 days/week of vigorous exercise. For
peoplewith typical developmentvho are deconditioned, the recommendation is to include
light- to moderate-intensity exercise, and moderate and vigorous intg@ingty.
recommendtion is20to 60 mirutesof continuous and rhythmic moderate or vigorous

exercises that involve major muscle groups.

Frequency,

Training frequency refers to the numbelegrcise sessions per wedl.five RCTs*
incorporated a training frequency of 2 teeksions per weekor childrenandadolescents
with typical developmerdnd healthy adults, a training frequencyabfeas3 to 5 £ssions

per week issreecommended by the ACSM to inceesrsd maintaicardiorespiratory fithess.
This strategy=allows for adequate recovery between ses$1dr86 hours§’ Fromprevious
studies pertaifiing to CP, only two studfés were aligned with the ACSM guidelines for the
frequency ofitraininglnterestingly for the remainingtudiesn which frequencyid not meet
minimal recommendationgesults demonstrated theaining wasstill effective in increasing
cardiorespiratory fithes$2%*° This may suggest that for mple with CP who are very
deconditioned, it is possibnd advisabléo start withl to 2sessions per week and progress

gradually thereaftegsadaptations occur.
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Intensity

Intensity refergo the effort of training (i.ecelativeto maximalcapacity), and isften
prescribed relative to predictesximal heart rate, heart rate resefthe difference between
a persoissmeasured or predicted maximum heart rate and resting hegranat®ypeak
oxygen consumptiorpéakrate of oxygen consurtipn as measured during incremental
exercise) Two'previous studi€s?’ incorporatedhe maximum heariate method to assign

training intensity. The study Byerschureret al?’

startedparticipantswith a training

intensity of ® to 7@ of maximum heart rateand increased to 70 t@% duringthe third
month. The study by Unnithaet al®® used a training intensity of 65 to 75% of the maximum
heart ratewhichiisalsoin accordance witthe ACSM guidelines (64-596). Two other

studies used apemage of theHeart rate reservédRR). Specifically, n the study by

Slaman et af® training startd at 40% of HRR and increasen80%of HRR by week 12.
Participants in the study BergEmonset al?® trained at 70% of the HRR throughout the

124 was

progranme, which isalsoin accordance witlthe guidelines. The study of Nsergfea
also in accordance with the ACSM guidelines, wigtining intensiesrangng from 50to
65% of the peak oxygen consumption. Although many factors need tmbidered when
evaluatingthese studies and respective findingsf(engtional capacity of the participants),
is important topoint out that intensity of training in each of tlieeeRCTs was aligned with
currentACSM guidelinesThis suggests thamnany individuals with CRrecapableof and

will benefit in fitness improvemefrom engaging in progressiveigtense aerobic exercise

similar to the extentecommended fgpeers withtypical development.

Time
All training sessiongasted for at least®minutes, which ig alignmentwith the ACSM

guidelines®

Type

For cardiorespiratory fithes$y¢g ACSM recommergdregular, purposeful exercise that
involves major.muscle groups and is continuous and rhythmic in rfdfline. types of
activities provided in the five RCTs included runnistgpups, negotiating stairs, cycling,
arm ergometry exercispropelling a wheelchaiand swimming*22and all werdailoredto

the specific conditiof the included participants.
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Summary of training parameters
Exerciseparticipation can be performed with a high level of safety by most people, including
individualswith CP. Based on the safety issues evaluated for the five,R@iich reported
no adverse events, there is a low riskmgiiry in children and adolescents with CP during
cardiorespiratory trainingn these studié$?*the participants exercised at letsb to four
times per wek fora minimum20 minutesand at a moderate intensity of about 60 to 75%
maximum heart rafel0 to 806 of HRR, or 50 to 65% peak oxygen uptaKéree studies
reported outcomes in cardiorespiratory endurdfcé® The othestudiesreported outcomes
in aerobic performance, measured with an arm cranking/cyc® te=d, shuttle run teéf.
The reported in@ases were:
e 23% foran 8:week intervention with young peofalge 14.2 £1.9 yin GMFCSLevelsl
andll®
e 18% fora3-month intervention with thogage 15.9+1.5 y)Jn GMFCSLevelsll andlll %
e 9% fora3-month intervention with young aduli@ge:20+3.0y) classifiedin GMFCS
Levelsl=lV?®
o 41% fopan=8-month intervention with childréage:12.1#2.6y) in GMFCSLevelsl and
”27
e 26%fora 9month intervention with thod@ge:9.2+1.4 y in GMFCSLevelsl-1ll, and
possiblyevenLevel IV (study predate6MFCSuse)?®
Thus, according to these studieg @an conclude that cardiorespiratory training can
effectivelyincrease cardiorespiratory enduramcehildren and young adults with CP. Taken
together, thge results suggest that greater gains in cardiorespiratory endurance may occur
with training programmes of longer duration and for children and adulih CPwho have
greater mobilityand can engage in greater dosesaining
According, to the existingtervention studies, exercise prescriptionpeople with
CPshould include: (1) a minimum frequency of two to thieees per week; (2) an intensity
betweer60% and 95% of peak heart rate, or between 40% a#tdoBthe HRR or between
50% and 6% 0f VO zpeak and (3) a minimum time of 20 minutes per session, for at least 8
consecutive weeksvhen training three times a week, or forcb®isecutive weeks when
training two time,a week Moreover, a pre-workowtarmup and cool-down could be added

to reduce rasculoskeletal injury

Adherence considerations
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It might be very difficult for many previously inactive individuaigh CP toachieve and
sustainthese exerciseecommendations, and thiiss important to know what is requiréol
maintain adaptations. Moreover, and although we recommend lifelong, regular physical
activity participation, it isalso very important to point out that missing exercise sessions or
even going-through periods of complete attrition is very common. Baseg@arch from
individualswith typical develoment once a regulgphysical activityroutine is established,
shortlapses in‘routine participation will halitle or only modest influence amaintenance

of cardiorespiratory endurané&Thus these findings indicatdatgreater doses of exercise
arerequired.to improve cardiorespiratory fitness than that wisickeededo simply maintain

adaptations.

MUSCLE STRENGTHENING
The health benefits of enhancing muscular fithess have become well establidtugmbr
levels of muscular strength are associated with significantly better cardiometabolic risk factor
profiles3~**|lower risk of altcause mortality® fewer cardiovascular disease\(D) events>
and lower risk.ofiddeveloping functional limitatioffsAs CP results from an injury to motor
regions of the developing braimuscle weakness is a primary impairment and there is strong
evidence showing that children with CP are significantly weaker than childtietypical
developnent”?®

In'the past, strength training wesnsideredo be contraindicated in people WiCP
because itvas thought tancrease muscles stiffness, and result in an increase in spasticity and
a decreasé in‘range of motidtowever,studied’*°havefound no change in spasticity
during or after training, which supports the current belief that strength trainipgrawns
with spasticity is not contraindicatethere is eversome evidence of improved spasticity
with targeted strength trainiffand herefore, in conjunction with cardiorespiratory fitness,
it is imperative to include strategies that tangetscle strength in children, adolescents, and
adultswith €P=As for childrenwith typical developmentesistance training has the potential
to offer observable benefits in terms of increased streargtingchildren, adolescentand
adults with.€PA recent systematic review demonstrated that strengthertenyentions
produce large improvements in strength and physical performance among individinals wi
CP* However asthere is a paucity of strgrevidence from RCTeegarding the usef
resistance training ipersonswvith CP*> we reportthe extent to Wich training protocols from
the most recent randased controlled trials wereonsistentvith the evidence for effective
resistance training, as reflected in the training guidelines of the National Strength and
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Conditioning Association (NSCAjand the ACSM? To maintainthe highest level of
evidence for theseecommendations, waarried out a&omprehensive review including only
RCTs.We havdimited our evaluation to resistance training for the lower extremsgnost
of the RCTs in people with CP have incorporated training interventions for thesesnuscl
(Tablell):

Frequency

For childrenandadolescentsiith typical developmentand healthy adultsecommendations
call fora training frequency dfvo to threetimes per week on nonconsecutive d&yis. five
RCTS®**thatincluded children, adolescents, and adults with CP, the frequency of the
training forgehildren with spastic CP was three times a week, and in on® &€ Trequency
was twice weeklyTherefore, the frequeras of the trainingvere in accordance with the
evidencebased NSCAand ACSM guidelines.

Intensity and volume
According to.thesNSCA guidelindsr young people, novice individuals should use a load
that allowsno 'mare than @ to 15 repetitiondor one to twasets to be completedithout
unduemuselerfatigué® Depending on the individual's needs, goals, and abilities, the
progranmme can-be progressed over time to include greater volumes with heavier loads for
large muscle groups, to maxsr gains in muscle strength. For the intermediate and advanced
individuals, the load should Iseifficient to allow6 to 12 repetitions before muscle fatigue,
for two to four sets.
For/adults, gains in muscular hypertrophy and strength result from aisesistance
equivalent to 60 to 80% of the individual’s orepetition maximum (LRMJ® Training
intensity may be modified based on a targeted number of repetitions, or by increasing loading
within a prescribed repetitiemaximum range (e.g. 8- to ¥petition maximum [RM]}°
Because itistoften challengiing unsafe to ascertain a tril@M among individuals with CP,
using the latterepetition maximummethod to assign intensity is the most feasible, safe, and
effective stratégy. In a recent position stand by the AGSMogression in training volume
and intensity*was deemed necessary for strength improvement, even among elderly
populations - a recommendation that has since been supportied layge meteanalyses®**
Volume of training refers to the total number of work sets performed peoisé€ssi
not including warmdp sets). There has been substantial debate concerning the appropriate

operational definition of training volume within the resistance exercise literature, making this

This article is protected by copyright. All rights reserved



a difficult parameter to replicate in research. A widely accepted definstieolume load,
which takes into account the total number of performed sets, repetitions, and kgight (
lifted (i.e.total repetitions [no.k external load [kg]). Althougthis isa readily used
classificationjt is a challenging parameter to prescréme monitor. Therefore, total number
of sets perfermed per muscle group is a much easier way to track total work pdrthrrimng
training.

Accordingto'the NSCA guidelines for novitrainees the load should bgufficient to
allow no meore than 6 to 15petitions before muscle fatiguand performed for one to three
sets® Three.trials specified that fatigue was reached wihin 12 repetitiond®**® One trial
used two sets of 10 repetitioffsGiven the low weights that were used in this study, training
appeared to be“of a very low intensity. Anottied usedfour sets of4 to 6 repetitions for the
last 6 weeks offa8-week training programe*’ One trial specified that the exercise was
performed until fatigue, which resulted in participants completing between 20 and 100
repetitions, and obviousklyasnotin accordancevith the guideline§> Although many factors
need to be considered when evaluating tisesdies(e.g.exercise techniquel seems, based
on the information provided in the six RCTSs, that training intezssind volumesvere
aligned with. the NSCA guidelines in only threteidies®®*4®

Time/duration

The NSCA guideling state that a sher@rmresistance programe for young people should
last8 to D weeks"* The duration of resistance training prograssincluded in this overview
were betwéen5'and 8 weeks in four stuéife¥.In two studies the duration was 12
weeks*®*® The programeby Scholtest al*® alsolasted for 12 weeks, and e first 6
weeks were used for builsp and practice’? leaving 6 weeks of intervention according to the
guidelines'for intensity and volume.

Most people with CP are not used to strenuous exercise and they may need time to
adapt to thisslevel of activity. Thereforge recommend dew weeks of strength training
familiarisationsimply to reach the recommended training volumes and inenibnger
interventions'wittprogressiventensites (e.g. 12—6 weeks) may be needed to experience
significant ormeaningful improvements in strengthportantly, andas with
cardiorespiratory enduranageater doses oésistance exerciggerequired to improve

muscle strength than is needednaintain these improvements.

Type of exercises
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All four RCTs in children with CB***®used multijoint exercses (e.glateral stepups,
squatting) rather #in single joint exercises (elknee extension)lhe two RCTs that included
aduts*”*® incorporatedselectoised weight machines or the seated leg prass consisted
mainly of singlgoint exercises. Singlint resistance training may be more effective for
very weak individuals or for children, adolescents, and adults, particularly atgineibg
phases of training, as well as for adults who tend to compensate when pertatat@rgl,
multi-joint exercises. Children, adolescemtisadults withCP who are not able to walk
independently might also benefit from strength training tihey may lack the selective motor
control needed.to perform singla@nt exercises.

Summary ef training parameters
Most of thetraining parameters in tesistance traininRCTstargetedhe lower limbsand
wereperformed according to the NSCA or ACSM guidelifiddowever, three important
parameters that werased in the training programes that were evaluated in the RCTs were
not consistent with the NSCA or ACSM guidelinel; themode of exercis€) the intensity
and (3) the.duration of the training program

As is,generally accepted for any novice trainee, prescription of resistance efcgrcise
personswith"CP should include a ‘famiigatiori period, in which very low dosage training
(i.e. minimalvolumeand intensitypccurstwice a weekfor at leas® to4 weeks We would
suggest that simple, singlekjt activities be used during this peridtbwever, in children
with CP, this is complicated by the varying ability to isolate jondtion, especially at the
ankle. Aterthefamiliarisationphase of trainig, it may be expected that individuals with CP
could safely benefit from gradual increases in dosage to accommodate improvements in
strength, endurance, and functiormn@plex multi-joint activities(like stepups and sito-
stand exercise€puldalsobe added ahistime. We recommend performing one to feats
of 6 to 15 repetitions, and gradlyaprogressing to meet the demands of improved muscular
fitness It isalseimportant that the programmes last sufficiently long to incorporate these two
phase®f training. Assuming a minimum of 8 weeksetxperiencehanges in strength with
simple activities, we would suggest a prognaeof at least 2 to 16weeks to maximiséhe
likelihood of'a training effect in people with GPablelll). Because it might be very difficult
to adhere to these exercisgireens, it is important to know what is needed to maintain the
achieved adaptationResistance traininrghduced improvements in muscle strength reverse
quickly with complete cessation of exercfééntensityappearso be an important component
of maintaining the effects of resistance training on muscle stréhgtdweverthe extent to
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which different combinations of frequeas volumes, andintensities can lead to maintenance

of adaptation remains unknown.

PHYSICAL ACTIVITY ACROSSTHE ACTIVITY CONTINUUM
Althoughrit isswellestablished that physical activitglefined as any bodily movement that
results in energy,expenditdrg cardiorespiratory enduranand muscle strength aad
important for‘health, eviden@dso suggests that these aot the onlyactivity-related
lifestyles that contribute to health or disease. fisk@ent studies have consistently shown that
a large amount of sedentary behaviour, as distinct from a lack of moderate to vigorous
physical activityds also associated with an incredsisk of coronary heart disease,
hypertension diabetes, obesity, mortaligd some cancens the peopleavith typical
developnent®>*Sedentarpehaviour (defined as any waking behaviour charseteby an
energy expenditure of 1rietabolic equivalents of taskETS] or lesswhile in a sitting or
reclining postur®) and physicainactivity had previously been seen as two sides of the same
coin. They.are, however, different constructs on the activity continuunhaedseparate
contributionsto.chronichealthoutcomes

Thephysical activity pattern across the continui@mchildren, adolescents, and adults
with CPis therefore importaniThe increasing number of published studies using objective
measurement.methods for assesgimgsical activityin peoplewith CPmakes it timely to
scrutirisethe results from these studi®ghen combining the findings fromecentstudies that
have looked objectivelgt thephysical activitylevels of children, adolescents, and adults with
CP,>*%we'found that children and adults with CP spend 76 to 99% of their waking hours
beingsedentaryfewer thanl8% engaged in light physical activities, and 2% i moderate
to vigorous activities (onlpresent ilGMFCSLevels HIl) (seeFig. 1).

Of course, lte greatest health risks manifest ampagsons not meeting physical
activity guidelinesand participating in large volumes stdentaryime. The emphasis over
the last twordecades has beereanouraging moderate to vigorous exercise for children and
adolescents:with CP. The notiohemphasisingncreases imoderate to vigoroughysical
activity and.replacing sedentary behaviour with light physical activity may be beneficial for
health inchildren and adolescentstiwiCP.

Focusing on the noaxercise segmenf the activity continuum involves interventions
to promotebreaks in sedentary timand replaceentwith light-intensity activitiesWith
respect to regular fragmentation of sitting or other sedentary beinswia freeliving
context, this requires an approach that encompasses participation throughotitetttzgn
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Thus, fragmentation of sedentary behaviour is very different from encouraging physical
activity or exerciseparticipation. A recent stu@§/showed thatransitionirg from a seatedo a
standing position may contribute to the accumulation of light activity and reducdagde
behaviour among children with CP. Most clinicians do not consider this type of counselling
for patientsswho'need to increase physical actiasythe idea of breaking up sedentary
behaviour is not generally thought of as emervention, andyet it merits evaluatiobecause

of the viability"across the entire CP population.

BASELINE PHYSICAL ACTIVITY

Physical activity:guidelines recommend that moderate to vigorous activity be @dde
baseline levels™of activit§’. Baseline activity includes all light activitie.6-3 METs)

However, he concept of baseline physical actiigs beemsufficiently defined\We

therefore suggest zero activity as a place to begin discussion for people with tGe.
operational definition oftdaseline activityis at present equivocal, and moreoveewasience
supportghat lightintensity physical activities are healthier than sedentary activities, there is
an obvious.needito rethink the true starting point for studying physitiaity behaviours
among peaople with CP.

Tioo'much time spent in sedentary behaviour, especially when accrued in long,
continuous bouts, is detrimental to cardiometabolic hé&lt® Thus, specific interventions
aimed at reducing sedentary behavim people with CP should be considered as a viable,
initial target to prevent further cardiovascular complicatibmdeed, evidence suggests that
frequently interrupting sedentary time may have beneficial effects on metaéalth and
haemostasi§®®’ suggesting that both the amount and patterns of sedentary behaviou
contribute to changes in health.

Foriindividuals that participate in high volunefssedentary behaviouandalso
engage idittle_orinophysical activity the initial dose of activity should includelatively low
intensitesandoflimited duration, with sessions (also called bouts) spread throughout the day
and weekPRarticularly importanfor individuals who are severely deconditionad effective
training prescriptiorbalance appropriate training stress (at the right training intensity) with
adequate recoverplthough exercise intensity must be prescribed above a minimum
threshold to sfficiently challenge the body to adapt greater cardiorespiratory enddrance,
is equally important to provide adequate recovery to ensure optimal adaptaticarghis
strategy is not adopted, an abnormal training response may occur and a state afiogertrai
maylead to a diminished return of effectiveness, excessive sorésggse andbr even
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injury. Health professionals should be aware of these eaxiging signs of overtraining and
modify the physical activities accordinglys proper conditioning requires a balance between
stress/stimuluand recovery. Therefore, successful training programming should incorporate
overload, and yet must avoid the combination of excessive overload plus inadequatg.recove
The earlier that-overtraining can be detected, the sooner the person with CP will be able to
recover. Therefare, freqoeevaluations are recommended.

Efforts to'promote baseline activities are jfighble and a small but growing body of
evidence demonstrates tipditysical activityprovides health benefits for people with CP. Prior
research on.the relationship between activity and health has focused on the value of moderate
to vigorous activity. Giverthe emerging benefits of light intensity activitiesd the existing
confusionofwhat constitutes baseline activities, it is time to start developing alternative
operationaldefinitionand descriptions gihysical activitythat arespecific to this population.
There is insufficient evidence about whether doing more baseline activitisrieshialth
benefits,and yet this may well be the best wayrtitially fragmentsedentary behaviour and
lead to sustainable behauirochanges in the most sedentary individuals with CP. Although
this is likely.applicable for all children with CP, it is especially relevant for children dtbsif
in GMFCSLevels IV and V, as reducing sedentary behaviour might be the only viable
intervention:-"Encouraging people with CRéplace sedentary time wibaseline activiesis
sensible for several reasons:

e Increasing baseline activitgads to increaskenergy expenditure, which, over time, can
helpwith maintaining a healthy body weight.

e Some baseline activities are weidtgaring and may improveuscle andone health.

e Encouraging baseline activities helps builifestyle in which physical activityis the

social norm, anvhereexcessive sedentary lifestyles are discouraged
e Short episodes of activity are appropriate farge whoare previouslynactive and have

started to-gradually increase their level of activity.

e |t interrupts prolonged periods of sedentary timtech areharmful for health
Describingthe"amount of activities needed to maintain and foster healthpaaied. The
dose+esponse relationship betwearlume of moderate and vigorous aerobic activities and
all-cause mortality imondinear, with the most rapid reduction in risk occurring at the
smallest increasadcrement of activitwolume, among the most sedentary individuals. Thus,

for people who participate xtremelyhigh volumes of sedentary behaviour and are also
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completelyinactive(e.g. most people with CPdven small increases in the volumeofivity
maylead to profound health gains.

Recentevidencehas demonstratdtatreplacing sedentary behaviour with soligét-
intensity activitymay confer profound health benefifs=rom a public balth perspective, it is
more important:to understand ttieseresponseelationshipdetweersedentary, light
intensity, and moderaietensity activitiesand respective health outcomégn for outcomes
associated'witkrigorous activities. It is quitplausiblethat light and moderat@tensity
activities are important at the lower end of the d@sponse curvén which benefits are
gained or lost more quickl¥on the other handjgorous activities may be momaportant at
the high end of the curveshere changes in relative risk are slower.

In generalg’people with CP should strive to meet the public health recommendations for
daily participation in moderate-vigorousphysical activity and it should be
developmentallyappropriateenjoyable, and involve a variety of activities. Moreover, they
should participate ifess thar2 hours/day of non-occupational, leistiree sedentary
activities such as watching television, using a computer, and/or playing video games.
However, for.a.subset of the CP population with excessive frailty, deconditioning, and/or
mobility restriction,it is virtually impossible to meet theptimal recommendations of 60
minutesof moderate to vigorous physical activity. It may also be very challenging for some
individuals with-@ to engage itess thar2 hours of non-occupational sedentary time. Future
researchis needed to explore how these guidelines can be applied to individuaB,with C

particular individuals classified @MFCSLevels IV and V.

Discussion/and conclusion

Risk for future cardiovascular disease in children and young adults is difficult to dgifree
that no hard emubints, such as disease, cardiac eyjemtdeath, have yet occurred. Tracking
is a method that'offers the opportunity to describe the dewelot of a characteristic over
time, and invelves both the longitudinal stability of the variable and the ability of one
measurement:to predict the value sildsequenneasuremerit. The findings from recent
tracking studies in the general population provide ehawidence to suggest that the risk
factors present.early in life are stable over tifh&This has important clinical implications,
especially the workshowing that @hysically active lifestyle starts to develop very early in
childhood and the stability gfhysical activityis moderate or high along the Ideurse from

youth to adulthood?
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Whether the level of physical fithess and muscle strength in children with G duri
childhood tracks intoandis predictive of mortality in adulthoodemains to be determined.
This would be possible only by performing longituali studiesand to date these studies have
not been performed among persons in this population. Including mekdtad outcomes in
futureregistriessfor people with CP will be vital ppovide healtlcare professionals and
researcherthefirst-hand infomation about certain conditions, both individually and as a
group, and over timeill increase our understandingtbéseconditions.

It isymperative that we keep in mindatithe sustainability of physical activity
depends ofifestyle behaviaral chang. For people with CP it might be extremely difficult to
achievethe exercise recommendations and physical activity guidelieesoal and
environmental'barriers to exercise and physical activity have been idepteéiadusly by
children and‘their pargs’* Not only does the physical disability impasstrictions, but
parents or partners may experience time constraints, stress, and financial and psychological
burdenghatmay hinder their ability to commit to such intemeeommendation$.

Identifying individuals who could benefit from an exercise intervention is impaxant
prevent longternirhealth risksCardiopulmonary exerse testing is consideréa be the
criterion standarfor the assessment of exercise tolerance and cardiorespiratory enduarance
people with"various medical conditions, as well as in healthy individtBbeercise testing
results can be.used to assist cliniciemglentifying which patients might be at risk for poor
health outcomes, and those who could benefit from an exercise intervention. Howeves, despi
the obvious relevance, cloal exercise testing is dramatically underused becauséok of
understanding and training on test administration and interpretation. Cliniciatiseearstaff
should encourage patients with CP to be physically active and recommend erstitiged
patientswhen the child, adolescemt; adult experiences limitations in activitiescause of
physical exhaustiorClinicians must become aware of the importance of exercise among
higher+iskpopulations such dsose withCP, but also regarding the guidelines for how to
design patientailored exercise programming. The first step in the process is to determine the
extent to whichspatients are physically fit or deconditioned. When fitness igiobjgc
determined:through exercise testing, the next step (and possibly the most imp@}anton
determine whether any deconditioninguisesult ofinactivity, nutritional status, disease
specific pathophysiology, or a combination of these facfdfsr children and adults with CP
there is a corset of established, clinicalfgasible exercise tests, with an established level of

evidence of the clinimetric properties for each outcome me&$tfe.
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Most current evidence concerning the benefitslgfsical activityand exerciseomes
from trials that recruited ambulatory children and adolescents with CP. Impl¢ioeofa
programmes based on this evidence is not straightforward, as practical applications of the
findings typically are not included. By understanding the barriers and motivators togbhysic
activity, we may-be better able to advise patients to parteipao recentstudiesvere
performed/ihat combined counselling through motivational interviewing and fithnessdra
in childrer?*and adolescerftswith CP. Both studies included children and adolescents that
were classifiedn GMFCSLevek I-II (except for one participant who was classified_evel
IV). Unfortunately both studies were ineffective in stimulating more favourable palysic
behaviour. The promotion ghysical activityin more disabled children or adults with CP
will certainly represent an even greater challenge

Children"with CP are raised in an environment where physical agtarily
occurs through formal physical therapy sessions and isaglasports events for children with
disabilities.Their interactions with health professionals are generally rela®gdriptom
management, daily function, increased tone, and decreased range of esmare
important concerns, especially during the developmental years, but there istibéten li
discussion of healthy lifestyles that involve physical activity and sedentary bahavi
reduction:There"has been greater awareness of these issues over the past several years,
hopefuly leading to greateridcussion at the patient/healttre provider levelyet there is
much work to be done to promote the encouragemestiysical activityas a part of basic
clinic and therapy centre protocols for individuals with GBidelines suclas these will
greatlycontribute tamproving knowledge about and comfort with this discussion, and should

be used to inform future intervention studies.
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Tablel: Comparison ofariables of cardiorespiratory endurance training across randomised

controlled trialsn cerebralpalsy compared wh American College of Spts Medicine

guidelines
Panticipants Frequency Intensity Time (session) Type
Berg-Emons® n=20 2-4times a week | 70% HRR 45 minutes -Cycling
Age 7-13 9 months -Propelling wheelchair
GMFCS Levels IV -Running
(study predates GMFCS -Swimming
use -Mat exercises
Unnithan® n=13 3 times a week 65-5% HRmax 20-2 minutes -Walking
Age 14-18 years 12 weeks -Uphill walking
GMECS Levell/lll
Verschuren? n=68 2 times a week 60-8% HRmax 45 minutes Functional exercises:
Age, 7-20 8 months -Running
GMFCS Level Il -Stepsup anddown
-Stepping over
-Bending
-Turning
-Getting up from the floor
Nsenga® n=20 3 times a week 50—6% VOzpeax 40 minutes -Cycling
Age A0-16 years 8 weeks
GMFCS Level Il
Slaman® n=42 2 times a week 40-8% HRR 60 minutes -Treadmill
Agenl6—24 12 weeks -Cycling
GMECS Level I}V -Arm cranking
ACSM? 3-5times a week | 64-%% HRmax 20-8 or more Regular, purposeful
or minutes per exercise that involves
40-3% HRR session, major muscle groups and Is

or
46-D% VOppeak

continuous or
intermittent

activity

continuous and rhythmic i

nature

GMFCS gross motor function classification system; HRRarheate reserve; HRmax, maximum heart rate;

VO peas PeAK OXYgen uptake.

Table II: Comparison ofariables of muscle strength training across randonusettolled
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trialsin cerebralpalsy compared ith National Strength and Conditioning Association and

American College of Sports Medicimggiidelines.

Participants Frequency Intensity Time/duration) Type
Dodd et al.* n=21 3times aweek | 3 sets oB-12 6 weeks Multi-joint exercisegheel
Age 8-18 repetitions to fatigue raises, half squats and
GMFECS 11/ stepups)
Liaoet al.® n=20 3times aweek | Oneset of 10 6 weeks Multi-joint exercises (sit
Age 5-12 repetitions at 20% to-stand) loaded (using
GMFCS Il 1RM weight vest)
Oneset of repetitions
until fatigue at 50%
1RM
Oneset of 10
repetitions at 20%
1RM
Leeet al.® n=18 3times aweek | 2 sets of 10 5 weeks Multi-joint exercises
Age 4-12 repetitions (squat to stand, lateral step
GMECSII/NI up, stair up and down)
loaded (using weight
cuffs), single joint
exercises
Scholteset al * n=51 3times aweek | 3setsof 8 RM 12 weeks (6 Multi-joint exercises (leg
Age 6-B years weeks of PRE) press) and loaded (using a
GMFCS Level Ii/1N weight vest)
Taylor et al.® n=48 2 times aweek | 3 sets of 0-12 12 weeks Weight machines
Age 14-22 repetitions
GMFCS Levell/lll
Maeland et al.* n=12 3times aweek | 4 sets of 2-15 8 weels Seated leg press (single
Age 27-69 repetitions (week — joint)
GMFCSII/NI 2)
4 sets o#-6
repetitions (weeld—
8)
Garber® & 2-3 times a 1-3 sets of 615 8-20 weeks Single and multjoint
Faigenbaum® week repetitions of 58 exercises

85% RM

GMFCS, gross motor function classification system;, Réypetition maximum; PRE, progressive resistance

exercise.

Figure 1. Percentage of time spent in sedentary, light, and moderate to vigorous physical

acivitiesacross all GMFCS levelSB, sedentarypehaviouy LPA, light physical activity;

MVPA, moderate to vigorous physical activity.
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Tablelll: Recommendations for exercise and physical activiéggniption among people with CP

Recommendation

Exercise

Cardiorespiratary (aerobic) exercise

e Frequency

e Intensity
e Time
o Type

Start with1-2sessions a week and gradually progress to 3 sessions a week

> 60% of peak heart rate, or >40% of the HRR, or betw8&hnahd90% VO,peax

A minimum time of 20 minutes per sessj@nd for at least 8 or 16 consecutive weeks, depending on
frequency (2 or 3 times a week).

Regular, purposeful exercise that involves major muscle groupis aontinuous and rhythmic in nature

Resistance'exercise

e Frequency

e Intensity
e Time
e Type

2—4 imes a week on nonconsecutive days

1-3sets of6—15 repetitions of 6-86% RM

No specific duration of training has been identiffer effectiveness. Training period should ladeast 2—
16 consecutive weeks

Progression in mode from primarily singtént, machinebased resistance exercisesnachine plus free
weight, multijoint (and closeckinetic chain) resistance exercis8mglejoint resistance training may be
more effective for very weak muscles or for children, adofgsaar adults who tend ttbompensate when

performing multijoint exercises, or at the beginning of the training

Daily physical activity

Physical activity, (moderateto vigorous)

o Freguency

e Intensity
e Time
o Type

>5 days/week
Moderateto-vigorous physical activity
60 mirutes

A variety of activities

Physical activity (sedentary)
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e Frequency e 7days/week

e Intensity e Sedentary (<1.5 METS)
e Time e <2 hours/day or break up sitting for 2 minutes evaéy-8 minutes
e Type e Nonoccupational, leisuréime sedentary activities such as watching telemisiising a computer, and/or

playing video games
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