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Purpose: To compare ambulatory status in children with cerebral palsy aged 4 to 5 years with their habitual
physical activity and time spent sedentary, and to compare their activity with physical activity guidelines.
Methods: Sixty-seven participants—independently ambulant, marginally ambulant, and nonambulant—wore
accelerometers for 3 days. Time spent sedentary as a percentage of wear time and activity counts were
compared between groups. Results: There were significant differences in time spent sedentary and activity
counts between groups. Children who were independently ambulant were more likely to meet physical
activity guidelines. Conclusion: Children with cerebral palsy spent more than half of their waking hours in
sedentary time. Interventions to reduce sedentary behavior and increase habitual physical activity are needed
in children with cerebral palsy at age 4 to 5 years. (Pediatr Phys Ther 2017;29:8–14) Key words: cerebral palsy,
children, gross motor function, habitual physical activity, sedentary behavior

Physical activity has many potential health benefits
in children including improvement of cardiorespiratory,
cardiovascular, muscular fitness, bone health, and men-
tal health.1,2 Physical activity is defined as “any bodily
movement produced by skeletal muscles which results in
energy expenditure.” Physical activity in daily life refers
to habitual physical activity (HPA).3 Sedentary behavior
has been defined as “any waking behavior characterized by
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energy expenditure ≤ 1.5 metabolic equivalents (METs)
while in a sitting or reclining position”.4 As physical ac-
tivity is an important factor for ongoing health, the World
Health Organization has developed global recommenda-
tions on physical activity for health from 5 years old and
throughout the life span.1 Furthermore, many countries
have developed physical activity guidelines.2,5,6 The Aus-
tralian Physical Activity Guidelines for children aged 0 to 5
years recommend that children should be physically active
for at least 3 hours a day, which are similar to the Cana-
dian Physical Activity Guidelines.5,6 In addition, children
in this age group should not be sedentary for more than 1
hour at a time, except when sleeping.5

Children with cerebral palsy (CP) have limited
motor capacity due to abnormal muscle tone and posture
caused by a brain lesion in early life.7 Children with
CP can be classified into 5 levels of gross motor ability
according to the Gross Motor Function Classification
System (GMFCS). Categories range from I, independent
ambulation without restriction, to V, limited voluntary
control, dependent for transfers and mobility. Functional
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limitation of children with CP can impact on their HPA
level. Ambulatory children and youth with CP spend less
time in moderate to vigorous physical activity and more
time in sedentary behavior than their peers.8,9 Gross
motor function (walking, running, and jumping) is a
potential predictor of physical activity in adolescents and
young adults with CP.10 A previous systematic review
reported that young people with CP (aged 5-18 years)
across all functional classifications performed 13% to 50%
less HPA than their peers.11 Recently, a study found that
sedentary behavior in toddlers who were independently
ambulant with CP aged 18 to 36 months (GMFCS I-II) was
not significantly different from toddlers with typical devel-
opment whereas toddlers who were marginally ambulant
and nonambulant (GMFCS III-V) had significantly higher
sedentary time than those with typical development.12

Only 25% of children and adolescents with CP with
GMFCS I-II (age 8-17 years) have performed 60 minutes
of moderate to vigorous physical activity (the recommen-
dation of their age band) on at least 1 day of monitoring
using the triaxial ActiGraph accelerometer.13 Recently, ev-
idence suggests that to improve HPA in children with CP
requires not only increasing moderate to vigorous physical
activity but also reducing sedentary behavior, as the effect
of sedentary behavior is distinctly different from a lack of
moderate to vigorous physical activity.14 In addition, the
capacity for increasing moderate to vigorous physical ac-
tivity in children with CP is limited and increasing light
physical activity is more achievable.

Existing studies that investigated HPA in children
with CP using objective measures are limited in chil-
dren who are ambulant with CP (GMFCS I-III) aged 2
to 13 years. Only one previous study used accelerometers
for measuring HPA across all functional abilities (GMFCS
I-V) in toddlers with CP aged 1.5 to 3 years.12 There are no
studies that have specifically examined HPA in preschool
children with CP aged 4 to 5 years across all functional abil-
ities (GMFCS I-V). The aim of this study was to objectively
investigate HPA and sedentary behavior in children with
CP aged 4 to 5 years across all functional abilities and com-
pare them to the Australian Physical Activity Guidelines.5

METHODS

This cross-sectional study of 4- to 5-year-old children
with CP was conducted in Brisbane, Australia, between Oc-
tober 2010 and December 2014. Data were derived from
2 population-based cohort studies, the CP Child Study
of Motor Function and Brain Development15 and the CP
Child Study of Growth, Nutrition and Physical Activity.16

The inclusion criteria were birth between 2006 and 2009
with a diagnosis of CP in Queensland, Australia. Children
diagnosed with a progressive brain disorder were excluded.
In the CP Child Study of Motor Function and Brain Devel-
opment, participants were assessed every 6 months from 18
to 36 months, then at 48 and 60 months’ corrected age. The
CP Child Study of Growth, Nutrition and Physical Activity
assessed participants at 3 time points: 17 to 25 (depending

on study entry), 36, and 60 months’ corrected age. Some
participants who entered the study after age 25 months
were assessed at age 48 months. All participants assessed
at 48 or 60 months were included in this study. The study
assessments were conducted at several hospitals and dur-
ing home visits. Ethics approval was obtained from all sites
where assessments were conducted. Informed consent was
obtained by parents or legal guardians of participants.

Participants

One hundred and fifty-eight children were assessed,
which was a representative sample of the Australian CP
register.17 Characteristics of the participants are reported
in Table 1. Sixty-seven participants (42%) completed 3
days of activity monitoring. Ninety-one participants were
excluded from analysis due to incomplete data (13 children
reported 2 days of monitoring; 3 children reported 1 day
and 75 children did not report any days). Reasons for not
wearing the monitor included refusal to wear it and other
difficulties in which parents were unable to complete the
activity diary and attach the monitor to their child. There
were no differences in characteristics of participants who
were included and excluded from the study (Table 1). This
implies that our sample for this study was a representative
sample of the population. Participants with complete data
(n = 67) were grouped according to ambulatory status into
3 groups: independently ambulant (GMFCS I-II, n = 46),
marginally ambulant (GMFCS III, n = 7), and nonambu-
lant (GMFCS IV-V, n = 14).

Outcome Measures and Procedures

Height and weight of participants were measured to
calculate body mass index. All participants were assessed
for motor type, distribution, classification, and function by
a research physical therapist. The GMFCS was used to clas-
sify gross motor function, and the Gross Motor Function
Measure 66 items (GMFM-66) was used to assess motor
function.

The ActiGraph triaxial accelerometer (GT3X and
GT3X+) was used to measure HPA. It was set to collect
data at 5-second epochs to detect short bursts of activ-
ity. The monitors were worn at participants’ lower back
(L2) close to the center of gravity using a neoprene belt in
order not to limit movement and accurately measure asym-
metrical gait patterns.18,19 Placement of the ActiGraph at
lower back has been validated in children with CP aged
1.5 to 5 years across all functional abilities.20,21 All wak-
ing activities except water-based activities were recorded
by the monitor, which is not water resistant, for 3 days
(2 weekdays and 1 weekend day), a minimum require-
ment to determine physical activity.22 A 3-day activity di-
ary was completed by parents of participants. It included
the time the child woke, when the monitor was put on and
taken off, when the child was being carried or pushed in a
stroller, and sleep times. Activity data were exported form
the accelerometer via ActiLife software. The data from 3
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TABLE 1
Characteristic of Participants, Mean (Standard Deviation), and Comparison of Activity Data Between 3 Ambulatory Groups of Children With Cerebral

Palsya

Group
Excluded

Participants
Included

Participants

Independently
Ambulant

(GMFCS I-II)

Marginally
Ambulant

(GMFCS III)
Nonambulant

(GMFCS IV-V)

Characteristics
Boys, n 52 43 31 4 8
Girls, n 39 24 15 3 6
Age 4 y 10 mo (4 mo) 4 y 11 mo (3 mo) 4 y 11 mo (3 mo) 4 y 10 mo (5 mo) 4 y 10 mo (4 mo)
BMI 15.7 (1.8) 15.6 (1.9) 15.2 (2.9) 16.0 (1.3) 15.7 (2.7)
GMFM, score 60.4 (20.4) 77.7 (117.5) 77.6 (9.7) 52.7 (3.3)b 24.3 (9.6)b,c

Activity data
Wear time, h 10.7 (1.4) 11.1 (1.3) 10.2 (2.2)
%TSS 57.6 (8.5) 73.6 (12.7)b 92.7 (6.4)b,c

Activity count, counts/min 1324.3 (365.2) 814.5 (445.4)b 217.7 (184.1)b,c

Number of participants met
sedentary recommendation
(TSS ≤ 1 h at a time)
0 d, n (%) 0 0 7 (50.0)
1 d, n (%) 0 1 (14.3) 3 (21.4)
2 d, n (%) 4 (8.7) 0 3 (21.4)
3 d, n (%) 42 (91.3) 6 (85.7) 1 (7.1)b

Number of participants met active
recommendation (active
time ≥3 h/d)
0 d, n (%) 0 3 (42.9) 12 (85.7)
1 d, n (%) 4 (8.7) 1 (14.3) 1 (7.1)
2 d, n (%) 11 (23.9) 0 1 (7.1)
3 d, n (%) 31 (67.4) 3 (42.9) 0b

Abbreviations: BMI, body mass index; GMFCS, Gross Motor Function Classification System; GMFM, Gross Motor Function Measure; %TSS, time spent
sedentary as a percentage of total wear time.
aLinear regression for continuous variables; logistic regression for categorical variables.
bSignificant differences compared with independently ambulatory group (P < .001).
cSignificant differences compared with marginally ambulant group (P < .001).

planes of movement (vertical, X; anteroposterior, Y; and
mediolateral, Z) were combined into a vector magnitude

((VM =
√

(X2 + Y2 + Z2); counts per 5-seconds). They
were checked against the activity diaries and nonwear time
was deleted from analyses. Ambiguous data were clarified
with the parents. The data were calculated using MAT-
LAB (The MathWorks Inc, version R2012b) as wear time
period (hours), time spent sedentary (TSS), and activity
counts (counts per minute). Participants who had wear
time period less than 6 hours per day were deleted from
the analysis. As wear time varied, TSS was calculated into
percentage of total wear time (%TSS). Numbers of partic-
ipants who met the recommendations of TSS less than 1
hour at a time and active time more than 3 hours a day
were calculated.

TSS was determined by the cut-point of 68 counts
per 5 seconds from children with typical development,23

which was validated in preschool children with CP in our
previous study.21 The ActiGraph cut-points for sedentary
time in children with CP aged 4 to 5 years were validated
across all GMFCS levels (level I, n = 26; II, n = 20; III, n =
15; IV, n = 12; V, n = 11) against direct observation, a cri-
terion measure. The cut-points with maximum sensitivity
and specificity were derived using receiver operating char-
acteristic curves for each GMFCS level. Cross-validation

analysis suggested that the cut-point of 68 counts per 5
seconds can be used to determine TSS across all GMFCS
levels.

Statistical Analysis

Characteristics of participants were compared using
a linear regression for continuous variables and logistic
regression for categorical variables. The activity data be-
tween weekdays and weekend days were compared using
a paired t test. Activity data between boys and girls were
compared using linear regression. Differences in activity
data between 3 ambulatory groups were compared with
linear regression. Physical activity patterns throughout a
day were plotted by mean activity counts (counts per 5
seconds) in each hour against time from 7 AM to 7 PM.
The number of participants who met the Australian Physi-
cal Activity Guidelines for sedentary and active time on at
least 1 day of activity monitoring were compared between
3 ambulatory groups using logistic regression. Relation-
ships between %TSS, activity counts, and GMFM-66 were
analyzed using linear regression. All statistical analyses
were performed using Stata statistical software v13.1 (Stat-
aCorp, College Station, Texas). Statistical significance was
set at P = .05.
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RESULTS

Sixty-seven participants with complete 3 days of ac-
tivity monitoring were included. The motor type and dis-
tribution of included participants were unilateral spasticity
= 30 (45%), bilateral spasticity = 30 (45%), dystonia =
5 (8%), ataxia = 1 (1%), and hypotonia = 1 (1%);
GMFCS I = 37 (55%), GMFCS II = 9 (13%), GMFCS
III = 7 (10%), GMFCS IV = 3 (5%), and GMFCS V = 11
(16%). For participants who had 2 data sets, at 48 and 60
months, the data at 60 months were used for this study.
The body mass index between the 3 groups was not sig-
nificantly different. There were more boys than girls in all
groups and no differences in proportion of sexes between
GMFCS categories.

Analysis of Different Day Types and Sexes

Five participants wore the monitor only on weekdays.
Differences between weekdays and weekend days were an-
alyzed in 62 participants (Table 2). Wear time on weekdays
was significantly longer than weekend days (Table 2). Par-
ticipants had significantly higher %TSS on weekdays than
on weekend days. Activity counts were significantly lower
on weekdays than on weekend days (Table 2). Girls tended
to have higher %TSS and lower activity counts compared
with boys, but the results showed no significant differences
between sexes (Table 2).

Analysis of Different Ambulatory Status

There were no significant differences in mean wear
time between ambulatory status groups. TSS as percentage
of wear time and activity counts were significantly different
between the independently ambulant group and the other
2 groups (GMFCS III-V) and between the marginally am-
bulant group and the nonambulant group (Table 1). The
average daily physical activity patterns according to day by
group, day type, and sex are graphed in Figure 1.

Relationship to the Physical Activity Guidelines

Ninety-one percent and 86% of children in the inde-
pendently and marginally ambulant groups met the Aus-

Fig. 1. Average daily physical activity (counts per 5 seconds) pat-
terns throughout a day (7 AM to 7 PM) by day type, sex, and am-
bulatory group.

tralian Physical Activity Guideline5 for sedentary time
(TSS ≤ 60 minutes at a time) for all 3 days of monitoring,
respectively, while almost all children in the nonambulant
group had TSS over 60 minutes at a time. The proportion
of participants who met the recommendations for seden-
tary time on at least 1 day was significantly higher in the
independently ambulant group than in the nonambulant
group (Table 1). Sixty-seven percent and 43% of children
in the independently and marginally ambulant groups met

TABLE 2
Comparison of Accelerometer Wear Time, Time Spent Sedentary as a Percentage of Wear Time, and Activity Count Between Weekdays/Weekend Days

and Sexes

Wear Time, h %TSS Activity Counts, Counts/min

Type n Mean (SD) MD (95% CI) P Value Mean (SD) MD (95% CI) P Value Mean (SD) MD (95% CI) P Value

Weekdays 62 10.9 (1.6) 0.8 (0.3 to 1.4) .003a 66.9 (17.0) 2.0
(0.1 to 3.9)

.041a 1013.3 (566.6) −113.8
(−181.7 to −45.8)

.001a

Weekend
days

62 10.1 (2.3) 64.9 (16.4) 1127.1 (593.1)

Boys 43 10.7 (1.5) 0.2 (−0.7 to 1.0) .709 65.5 (16.1) −3.0
(−11.6 to 5.5)

.478 1082.8 (556.2) 119.9
(−169.0 to 408.8)

.410

Girls 24 10.5 (1.8) 68.5 (17.9) 962.8 (588.2)

Abbreviations: CI, confidence interval; MD, mean difference; SD, standard deviation.
aSignificant differences between weekdays and weekend days, paired t test (n = 62, 5 participants wore the ActiGraph only on weekday); linear regression
for differences between boys and girls.
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the guidelines of active time more than 3 hours per day
for all 3 days of monitoring, respectively, while almost all
children in the nonambulant group did not met the guide-
lines. Children who met the guidelines for active time on at
least 1 day were significantly higher in the independently
ambulant group than in the nonambulant group (Table 1).

Relationships Between Physical Activity and Motor
Capacity

The %TSS was significantly associated with GMFM-
66 (β = −0.61, 95% confidence interval = −0.69 to −0.53,
R2 = 0.74, P < .001) and activity counts were significantly
associated with GMFM-66 (β = 20, 95% confidence inter-
val = 17.1 to 23.0, R2 = 0.69, P < .001). Motor capacity
was directly associated with sedentary behavior and phys-
ical activity levels.

DISCUSSION

Children with CP aged 4 to 5 years performed more
physical activity on weekend days than on weekdays; how-
ever, wear times on weekend days and weekdays were sig-
nificantly different. The TSS as a percentage of wear time
was normalized by wear time for each participant, and
was higher on weekdays than on weekend days. The av-
erage physical activity pattern by day type (Figure 1) also
showed that physical activity on weekend days in the after-
noon was higher than on weekdays due to sport or family
active leisure activities. It is reasonable to assume that chil-
dren with CP aged 4 to 5 years spent more sedentary time
on weekdays than on weekend days. A large study of Aus-
tralian preschool children with typical development aged
3 to 5 years also found that children were more physically
active on weekend days than on weekdays.24 A previous
study of toddlers with CP (1.5-3 years, n = 58) reported
no significant difference of %TSS between weekdays and
weekend days.12 Girls tended to have higher %TSS and
lower HPA compared with boys, but there were no sig-
nificant differences between sexes. In a previous study of
children with typical development aged 3 to 5 years, boys
had total physical activity higher compared with girls but
no significant difference between sexes in screen-based
behaviors.25 As sedentary behavior is influenced by many
factors, intervention to reduce sedentary behavior should
be applied during weekdays, weekend days, and with both
sexes.

Comparison of %TSS and HPA between children with
CP according to ambulatory status supported that the in-
dependently ambulant group had the lowest %TSS and
the highest HPA. Physical activity patterns by ambulatory
groups (Figure 1) demonstrated that all 3 groups had sim-
ilar patterns throughout a day whereas the nonambulant
group had minimal HPA. The previous study in toddlers
with CP aged 1.5 to 3 years reported that %TSS was 52%
in GMFCS I-II, 62% in GMFCS III, and 74% in GMFCS
IV-V.12 When compared with this study, preschool chil-
dren with CP had higher %TSS compared with those tod-
dlers in all groups. Nonambulant children with CP aged 4

to 5 years had a larger %TSS (93%) when compared with
those aged 1.5 to 3 years (74%). This evidence suggests
that interventions to reduce sedentary behavior in chil-
dren with CP are needed in younger aged children with
CP, especially for those who are unable to walk. In addi-
tion, motor capacity, measured by GMFM-66, was associ-
ated with TSS and activity counts. These data confirm that
functional abilities have impact on sedentary behavior and
physical activity in children with CP.26

Independently ambulant children with CP (GMFCS
I-II) aged 4 to 5 years spent an average of 42% (range
27%-56%) of wear time being physically active. A total
of 67% of the independent ambulant group met the
Australian Physical Activity recommendation of 3 hours
active time per day. This is in contrast to a previous large
study in Australian preschool children with typical devel-
opment aged 3 to 5 years by Hinkley et al25 (n = 1004),
which suggested that children with typical development
spent only 16% of their time being active and 5% of their
participants met the recommendation. Although active
time in children who are independently ambulant with CP
appears to be higher than in children with typical devel-
opment, different activity monitors and cut-points were
used. The Hinkley study measured HPA using the uniaxial
ActiGraph (GT1M) and the cut-points were higher than in
our study.25 The epoch for data collection in the Hinkley
study was 15 seconds, which might not be small enough
to capture active and sedentary time in young children.25

Variability in activity counts of the independently ambu-
lant children with CP (mean = 1324.3, standard deviation
= 365.2, range = 620-2383) was higher than in the Hink-
ley study (mean = 708, standard deviation = 182, range
= 318-1470).25 In addition, all of the children with typical
development in the Hinkley study attended preschools or
childcare centers, which might have prolonged sitting due
to academic activity, whereas some of our participants did
not attend preschool.25 In contrast, another study in Aus-
tralian preschool children with typical development aged
3 to 5 years used a parent-reported physical activity and
exercise questionnaire, finding that 56% and 79% of their
participants met the active recommendation on weekdays
and weekend days.27 Previous large studies in Canadian
preschool children with typical development aged 3 to
4 years using uniaxial accelerometers reported that 73%
to 84% of their participants met active time of 3 hours a
day.28,29 A previous review study reported that preschool
children with typical development had sedentary time that
ranged from 34% to 94% of their day.30 Our results suggest
that independently ambulant children with CP (GMFCS
I-II) spent an average of 58% (range 44%-74%) of total
wear time in sedentary, which is within in the range
reported for children with typical development. The
differences of measurements and cut-points of all studies
may influence the results; however, HPA and TSS had
high variability even in children with typical development.
Considering these findings, it may be assumed that HPA
and TSS in children who are independently ambulant
with CP were not different from children with typical
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development. Although more than half of the children
who were independently ambulant with CP met the
guidelines, most of them had high TSS. Our study suggests
that children who are independently ambulant with CP
should be encouraged to be physically active to maintain
high levels of HPA throughout their life span.

The ActiGraph accelerometer has been widely used in
children with typical development and can be used in free-
living conditions.19 Use of multiple accelerometer place-
ments, for example placement at wrist, ankle, and trunk,
might improve accuracy to measure physical activity in
nonambulatory activities, but this has not been investi-
gated in children.19 The use of multiple monitors may pro-
vide small improvements in accuracy when compared with
a single monitor,19 but it might interrupt movement and
daily living activity in children with CP and reduce partic-
ipant adherence to the study protocol. A previous study in
adults with CP using hip- and wrist-worn accelerometers
reported that data from wrist-worn accelerometers were
complicated and failed to achieve normality.31 Further-
more, placement of an accelerometer at lower back was
validated in young children with CP across all GMFCS
levels20,21; thus, this placement was used in the present
study. A recent study of the ActiGraph cut-points in am-
bulatory youths with CP (mean aged 12.5 years) identified
new models for determining activity intensity, decision
trees.32 The study found that cut-points for moderate to
vigorous physical activity were specific for each GMFCS
level; however, cut-points for sedentary time were not dif-
ferent between GMFCS levels I-III.32 A previous validation
study in preschool children with CP aged 4 to 5 years de-
rived specific cut-points for sedentary time in each GMFCS
level, but cross-validation analyses supported the use of
the same cut-point in all GMFCS levels.21 In toddlers with
CP, cut-points for sedentary time were different between
GMFCS levels I-III and GMFCS levels IV-V.20 This evi-
dence suggests that cut-points in children with CP are spe-
cific for activity intensities and age ranges. Future studies
should identify the appropriate cut-points according to age
and functional capacity (GMFCS level).

This study has some limitations in that it did not have
a group of children with typical development to compare
with children with CP. The study was sufficiently pow-
ered to detect a clinically significant difference between
GMFCS category differences of 150 counts per minute or
greater. The ActiGraph activity monitor has limitations in
that it cannot detect water-based activity, and some light
activity may be detected as sedentary activity due to sta-
bility of the trunk during standing and bike riding and as
a result of positioning devices in nonambulant children
with CP. Although the ActiGraph has been validated in
nonambulatory children with CP, it was created for and
has been validated for ambulatory wearers.19 Placement of
the monitor was based on the best placement for ambula-
tory participants.19 Thus, it is possible that this outcome
measure may not have captured the optimal information
for assessing physical activity levels in the nonambulatory
participants.

CONCLUSION

Children with CP aged 4 to 5 years spent more than
half of their waking hours in sedentary time. TSS was sig-
nificantly greater in children who were marginally ambu-
lant and nonambulant with CP than in children who are
independently ambulant with CP. Nonambulant children
with CP spent most of their day in sedentary time. Further-
more, children who are independently ambulant with CP
were more likely to meet the Australian Physical Activity
Guidelines than other ambulatory status. Interventions to
reduce sedentary behavior and increase physical activity
are needed in children with CP age 4 to 5 years especially
for marginally ambulant and nonambulant groups of both
sexes.
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