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Abstract
Objective—To document the influence of age on step activity patterns in children with cerebral
palsy (CP) and typically-developing (TD) children.

Design—Cross-sectional

Setting—All step activity data were collected in free-living environments.

Participants—Children with CP (n=27; 4 –18 years; 22 boys, 5 girls, Gross Motor Function
Classification System Levels I and II) and 27 age- and sex-matched TD children were recruited
through public advertisements and contacts with local clinicians. CP and TD participants were
stratified into younger (< 10 years; n = 14) and older (10–18 years; n = 13) age groups.

Intervention—Daily step activity was monitored using a StepWatch Activity Monitor that was
individually programmed to account for the gait characteristics of each participant. Step activity
data were collected in 1-min epochs during waking hours on three weekdays and one weekend
day. Stored data were analyzed to yield average values of daily step activity, percentage of
inactive time (0 steps) over the entire day, and percentage of total daily active time spent in low
step activity (1–15 steps/min), medium step activity (16–40 steps/min), and high step activity (>
40 steps/min).

Main Outcome Measures—Daily step activity, percentage of inactive time, and percentage of
active time spent in low-, moderate-, and high-intensity step activity.

Results—A significant (p < .05) interaction was observed between age (younger, older) and
condition (CP, TD) for daily step activity, percentage of inactive time, and percentage of active
time spent in low- and high-intensity step activity. The main effect of age was significant for each
physical activity measure except for relative high-intensity step activity and the main effect of
condition was significant for all physical activity measures. Followup analyses (p < .025) revealed
that older children with CP took fewer daily steps and displayed higher relative levels of inactivity
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and low-intensity activity and lower relative levels of high-intensity activity compared to older
TD. Older children with CP also exhibited lower daily step activity, demonstrated higher relative
levels of inactivity and low-intensity activity, and displayed lower relative levels of moderate-
intensity activity compared to younger children with CP.

Conclusion—Compared to younger children with CP and age- and sex-matched TD youth, older
youth with CP generally displayed step activity patterns typified by lower levels of physical
activity and a greater degree of inactivity. These findings highlight the need to provide multiple
opportunities for adolescents with CP to engage in a variety of physical activities that are
appropriate to the needs, abilities, and preferences of the child and can aid in maintaining
functional mobility, health, and quality of life.
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Cerebral palsy (CP) is a neurological syndrome characterized by non-progressive, but
frequently adapting, abnormal patterns of posture and movement and changes in muscle
tone. These abnormal motor patterns result from lesions or anomalies of the brain occurring
in the early stages of development.1 On average, children with CP attain about 90% of
expected motor function during early childhood, based on their Gross Motor Functional
Classification System (GMFCS) level.2 The GMFCS categorizes children with CP into one
of five levels based on self-initiated movement, with children classified as Level I
demonstrating the highest degree of motor function. Although CP is a non-progressive
condition, loss of physical function has been observed over time, resulting in higher GMFCS
levels.3 These functional changes, which appear to be related to secondary complications of
CP, include diminished motor performance and gait efficiency, as well as reduced
participation in activities of daily living.4,5,6

In a longitudinal study of children with CP, researchers found that gross motor function
peaked at a mean age of 7 years and 3 months before declining by an average of 6.3 points
on the Gross Motor Functional Measure-66 (GMFM-66) scale during adolescence for youth
in GMFCS Levels III, IV, and V.3 In addition, young children with CP who are able to walk
often lose this ability as they reach the adolescent years. It has been demonstrated, for
instance, that 75% of ambulatory children with CP who lose functional locomotion will
experience this decrease in mobility by age 25.7 Because of the stable nature of the cerebral
lesion in these individuals, reasons for this decline in physical function and mobility are
poorly understood. Researchers have suggested that these losses may be attributed to
increased postural insecurity related to physical growth, the residual effects of orthopedic
surgery, and higher energy demands associated with increased weight and height.5
Consequently, it is vital to better understand the relationship between chronological age and
functional ambulation as a first step towards promoting and maintaining greater levels of
independent ambulation in youth with CP.

The mobility of children with CP is typically assessed in controlled settings (e.g., clinic, gait
laboratory) that may not accurately reflect walking performance in the child’s natural
environment.8 In one of the few non-clinical studies available, Bjornson et al9, reported
significantly lower community stepping activity in youth with CP compared to a group of
typically-developing children. While this study identified differences in stepping activity
between children with CP and typically-developing peers, it did not specifically examine the
influence of chronological age on locomotor status. Hence, there is a particular need to
document age-related differences in the gait performance of children with CP in their natural
surroundings and to determine the extent to which basic gait patterns in youth with CP vary
from those exhibited by able-bodied children. Against this backdrop, the purpose of this
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study was to quantify community walking activity in younger and older children with CP
and to compare findings with an age- and sex-matched group of typically-developing
children.

Methods
Participants

Twenty-seven children with spastic CP (age = 4 to 18 years; 22 boys, 5 girls) and 27 age-
and sex-matched typically-developing children were recruited to participate in this study
through public advertisements and contacts with local clinicians. Both groups were stratified
into younger- (<10 years; n=14) and older- (10 to 18 years; n= 13) aged samples. All
participants with CP were independent ambulators and classified at GMFCS Level I (n =21)
or II (n =6). A nearly equal number of children at both GMFCS levels were observed in the
younger and older samples of youth with CP (younger age group: GMFCS Level I=11;
GMFCS Level II= 3; older age group: GMFCS Level I=10; GMFCS Level II= 3). Table 1
provides descriptive information relative to GMFCS level, topographical distribution, and
type of motor impairment for children with CP. Following approval from the university
Institutional Review Board and prior to data collection, all participants and their parents or
guardians provided written assent and consent, respectively.

Procedures
Daily step activity was monitored using an Orthocare Step Activity Monitora (SAM) that
was programmed individually to account for the gait characteristics of each participant. The
SAM has been evaluated and determined to be a valid and reliable measurement tool for
assessing time-based ambulatory activity in community environments for children and
adolescents.10 Subsequent testing has validated the SAM for use in atypical pediatric
populations, including children with muscular dystrophy 11 and obesity 12. Additionally, in
a recent study, Bjornson et al9 used the SAM to assess step activity in youth with CP.

Calibration of the SAM occurred during an initial observation session, during which
adjustments were made for the expected sensitivity, cadence, threshold, and motion
characteristics of each participant. Participants were observed walking overground and on a
treadmill at several speeds to assure that all step activity was captured before using the
activity monitors in community settings. If step counts were missed or if non-step activity
was registered, sensitivity, cadence, threshold, and motion values were readjusted until all
valid step activity was recorded. Participants and their primary caregiver(s) were provided
with verbal and written instructions on how to properly wear and position the step monitor
on the right ankle. Because step activity counts using the SAM reflect step activity of the
right leg only, the step activity of both legs can be calculated by doubling the step activity of
the right leg.

Step activity data were collected in 1-minute epochs during waking hours, with the
exception of time spent showering or bathing, during three randomly-selected weekdays and
one weekend day. This sampling schedule exceeded that proposed by Tudor-Locke et al.,
who found that accumulating at least three days of step count data was adequate to compute
average daily step activity in children.13 Additional studies suggest that a minimum of four
measurement days can provide reliable accelerometry estimates of daily physical activity in
children and adults.14, 15 For each participant, step count data were stored within the SAM
and downloaded and screened for accuracy at a later date. Step activity data were analyzed
to obtain mean values of daily step activity, percentage of daily inactive time (0 steps), and

aOrthocare Step Activity Monitor. 6405 218th St SW, Suite 100 Mountlake Terrace, WA 98043-2180
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percentage of daily active time spent in low-intensity (1 to 15 steps/min), moderate-intensity
(16 to 40 steps/min), and high-intensity (> 40 steps/min) step activity.16

Statistical analyses were performed using SPSSb (Version 16.0). Five 2×2 factorial analyses
of variance (ANOVA) [age (younger, older) by condition (CP, typically-developing)] were
conducted to identify potential differences in 5 patterns of physical activity (i.e. daily step
activity, percentage of daily inactive time, percentage of active time spent in low-intensity
activity, percentage of active time spent in moderate-intensity activity, and percentage of
active time spent in high-intensity activity) among children with CP and typically-
developing children. Simple effect ANOVA tests were performed to further explore
significant interactions.

Results
Descriptive statistics for each analysis are presented in Table 2 and factorial ANOVA results
(alpha = .05) are shown in Table 3. Significant interactions were observed between age and
condition for daily step activity, percentage of daily inactive time, percentage of active time
spent in low-intensity step activity, and percentage of active time spent in high-intensity step
activity. The main effect of age was significant for each physical activity measure except for
percentage of active time spent in high-intensity activity. The main effect of condition was
significant for all five measures of physical activity.

Results from simple effects ANOVA tests (adjusted alpha = .025) revealed no differences in
daily step activity between young typically-developing children and young children with
CP. However, for the older children, significant differences were noted for each physical
activity measure. Specifically, older children with cerebral palsy took fewer daily steps and
displayed higher relative levels of inactivity and low- intensity activity and lower relative
levels of high-intensity activity compared to typically-developing older children, [F (1, 24)
= 22.55, p < .001; F = 18.94, p < .001; F = 15.83, p = .001; and F = 12.06, p = .002,
respectively]. Graphic descriptions of these results can be found in Figures 1 and 2.

No age-related differences in physical activity patterns were observed for typically-
developing children. In contrast, among children with CP, age-related differences were
present on a number of physical activity measures. Specifically, while relative levels of
high-intensity activity were similar for younger and older children with CP, older children
with CP exhibited lower daily step activity and demonstrated higher relative levels of
inactivity and low-intensity activity and displayed lower relative levels of moderate-
intensity activity compared to younger children with CP [F (1, 25) = 10.21, p = .004; F =
14.89, p = .001; F = 6.25, p = .019, F =7.98, p = .009, respectively].

Discussion
This study was designed to explore differences in daily step activity between children with
CP and typically-developing children as a function of age. To reflect the typical movement
activity of our participants, step activity was recorded in community settings. With regard to
younger typically-developing children, the mean daily step count observed was 13,260 steps
(6812 steps per day on one leg × 2 legs), which is nearly identical to the average of 13,110
steps per day (SD 2870) reported by Le Masurier et al. for typically-developing 6- to 9-year-
old boys.17 Relative to older typically-developing children, the mean daily step count of
13,624 steps (6812 steps per day on one leg × 2 legs) noted in the present study was higher
than, but within one standard deviation of, values published by Le Masurier and

bSPSS Inc, 233 S Wacker Dr, 11th floor, Chicago, IL 60606
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colleagues17, who reported an average walking activity of 11,082 steps per day (SD 3437)
for 12- to 14-year-old males and 10,828 steps per day (SD 3241) for 15- to 18-year-old
males. Although speculative, this variation in daily step count activity may reflect a bias
towards a younger-aged sample in our investigation (10 to 18 years; mean age 13.6 years)
and an older sample (12 to 18 years) in the Le Masurier paper.

Few data exist quantifying the daily step activity of young children with CP. In considering
older children with CP, the mean daily step activity observed in the present investigation
was 6342 steps (3171 steps per day × 2 legs) a value which is lower than the average of
8444 steps per day (4222 steps per day × 2 legs), reported by Bjornson, et al9 for ambulatory
youth with CP (GMFCS Levels I and II). This difference in step count values may also be
tied to age disparities between participants in both studies, as children in the Bjornson et al9.
study ranged between 10 and 13 years of age (mean = 11.8 years), whereas youth with CP in
the current investigation were generally older (mean age = 13.6 years, age range = 10 to 18
years).

The primary finding of our study is that among youth with CP displaying high levels of
gross motor function, the quantity and intensity of daily step activity is generally lower in
older children with CP compared to younger children with CP. When compared to typically-
developing peers, older youth with CP also took fewer steps each day, were more inactive,
spent more time engaged in low-intensity step activity and devoted less time participating in
high-intensity step activity. This age-related reduction in daily step activity may be linked to
modifications in several anatomical and physiological variables. Relative to this point,
Johnson, Damiano, and Abel18 suggest that an age-related decrease in dynamic stability in
children with CP is associated with a diminished range of motion in the pelvis, knees, and
ankle and, a decrease in the popliteal angle. Children with CP also adopt compensatory
patterns of motion to accommodate movement restrictions imposed by abnormal muscle
tone in the hips and knees.19 Over time, these adaptive strategies, while enabling purposeful
ambulation, require increased hip and knee extensor muscle effort to maintain joint
stabilization, thus leading to a higher walking energy demand, greater fatigue, and reduced
levels of physical activity. 19 In addition, children with CP who display greater muscle
weakness tend to exhibit more limitations in motor function. 20 Along these lines, Ross and
Engsberg 21 reported that leg strength explained 69% of the variation in GMFC-66 scores,
an amount exceeding that accounted for by spasticity alone.21 It has also been demonstrated
that hip and knee extensor muscles, which provide major support for the body during
locomotion, are weaker in youth with CP. 20 In the face of primary muscle weakness,
walking becomes more difficult to accomplish in the older child with CP because body mass
and adiposity increase without commensurate gains in lower-extremity strength. Hence,
walking in a natural environment may become laborious and energy-expensive. It has been
shown that the energy cost of walking increases with advancing age in youth with cerebral
palsy22, a trend which runs counter to the age-related reduction in walking energy use
observed in able-bodied youth. 23 Because maximal aerobic power values are lower in the
child with CP compared to typically-developing youth 24, the older child with cerebral palsy
incurs a higher relative energy demand at any given walking speed and experiences a greater
level of fatigue.

From an overall health perspective, results from our study illustrate the disparity between
recommended levels of health-producing physical activity and the volume and relative
intensity of physical activity documented in our sample of older children with CP. In a
systematic review of more than 850 articles25, 60 minutes per day of moderate to vigorous
physical activity was recommended for school-aged youth to improve measures of aerobic
fitness, muscular strength and endurance, and skeletal health. It should be emphasized that
this guideline represents minimal levels of physical activity and more health benefits may be
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realized if greater amounts of physical activity are performed.25 Guidelines established by
the Centers for Disease Control (CDC) also indicate that youth should perform 60 minutes
per day of aerobic activity (such as brisk walking or running) and that 30 minutes of
vigorous aerobic activity should be included at least three times per week.26 When
translated from percentages to absolute time measures, younger and older typically-
developing children and younger children with CP achieved the CDC duration guidelines
when total time spent in moderate and vigorous activity (based on currently existing steps/
min criteria16) were considered. However, older children with CP did not attain the CDC
activity criterion for combined moderate and vigorous physical activity. Taken together,
results from our investigation support the notion that older children with CP should be
encouraged to increase daily levels of daily physical activity to avoid negative health
consequences related to sedentary living, such as increased weight, decreased cardiovascular
health, increased levels of anxiety and depression, loss of muscle strength and endurance,
and decreased bone mineral density.25 In cases where the intensity of moderate and
vigorous walking may be too exhausting, alternative types of locomotor activity, such as
wheelchair sports and exercise, can be performed. Engaging in strengthening activities
which address specific deficits causing decreased ambulation, such as lower extremity
muscle weakness, may also improve or prolong mobility in youth with CP. In this regard,
the use of resistive exercise, has resulted in greater strength and functional improvement in
adolescents with CP without adverse effects.27

Physical activity has been described as a buffer in the cycle of disuse which often
accompanies physical disability. 28 While it has been suggested that an active lifestyle and
improved physical conditioning can improve physical health and function and reduce
secondary health consequences in children with CP 28, an inverse relationship has been
observed between physical inactivity and quality of life in adolescents and adults with CP.
29,30,31 Maher, Olds, Williams, and Lane documented self-reported quality of life in
adolescents with CP and found that 67% of participants reported quality of life scores
greater than one standard deviation below the mean for children without disabilities.32

Furthermore, quality of life scores were significantly related to gross motor function, such
that lower quality of life scores were observed in adolescents displaying more physical
limitations32. Although speculative, these limited findings suggest that the accumulation of
regular doses of physical activity on a daily basis may enhance both quality of life and
overall physical functioning in adolescents with CP.

Study Limitations
As a final comment, it is important to emphasize the descriptive nature of this investigation,
as two distinct cohorts of younger and older children classified as either typically-
developing or diagnosed with CP were studied. Consequently, variation in physical activity
levels between younger and older groups of typically-developing participants or participants
with CP may be partially attributable to factors which are independent of age. Given this
limitation, future research should be conducted to track activity patterns in youth with CP
during childhood and adolescence.

Conclusions
In conclusion, when compared to younger counterparts and to age- and sex-matched
typically-developing peers, older youth with CP generally displayed step activity patterns
typified by lower levels of physical activity and a greater degree of inactivity. Viewed
collectively, these findings highlight the need to provide multiple opportunities for
adolescents with CP to engage in a variety of physical activities that are appropriate to the
needs, abilities, and preferences of the child and can aid in maintaining functional mobility,
health, and quality of life.
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Figure 1.
Mean daily steps activity for younger and older children with and without cerebral palsy, as
measured using the right leg only.
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Figure 2.
Mean percentage of (a) time per day spent being inactive, (b) active time spent at low-
intensity step activity, (c) active time spent at moderate-intensity step activity, and (d) active
time spent at high-intensity step activity for younger and older children with and without
cerebral palsy.
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Table 3

Factorial ANOVA Results for Each Physical Activity Measure

Dependent Variable Factor F p Partial η2

Daily Steps Age 5.07 .029* .092

Condition 16.91 <.001* .25

Interaction 6.69 .013* .12

Inactivity % Age 8.73 .005* .15

Condition 21.09 <.001* .30

Interaction 6.60 .013* .12

Low Activity % Age 4.09 .049* .076

Condition 14.80 <.001* .23

Interaction 5.15 .028* .093

Moderate Activity % Age 10.28 .002* .17

Condition 9.19 .004* .16

Interaction 1.91 .17 .037

High Activity % Age 0.98 .33 .019

Condition 10.68 .002* .18

Interaction 6.79 .012* .12

Note. df = (1, 50) for each F test.

*
p < .05;

Partial η2 = effect size.
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