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ABBREVIATIONS
HRQOL Health-related quality of life
MCID Minimal clinically important

difference
PEDALS Pediatric Endurance and Limb

Strengthening
PedsQL Pediatric Quality of Life Inventory

SF15
PODCI Pediatric Outcomes Data Collection

Instrument

AIM The aim of this study was to assess health-related quality of life (HRQOL) following a station-

ary cycling intervention in children with cerebral palsy (CP).

METHOD This was a phase I multisite randomized controlled trial with single blinding. HRQOL

was evaluated using the Pediatric Quality of Life Inventory SF15 (PedsQL; children) and Pediatric

Outcomes Data Collection Instrument (PODCI; parent proxy) before and after a 3-month stationary

cycling intervention. Sixty-two children (29 male, 33 female; mean age 11y; range 7–18y) with

spastic diplegic CP, classified as levels I to III on the Gross Motor Function Classification System,

were enrolled. Paired and independent t-tests were used to evaluate within- and between-group

differences respectively.

RESULTS Between-group differences, favoring the cycling group, were found for PedsQL emo-

tional functioning (p=0.046) and Parental PODCI treatment expectations scores (p=0.006).

Between-group differences were not found for other scales. Within-group improvements were

found in the cycling group: PedsQL total score (+5.8; p=0.006), psychosocial health summary (+6.9;

p=0.008), and school functioning (+8.0; p=0.038). PODCI satisfaction with symptoms decreased sig-

nificantly only in the control group (–12.0; p=0.046).

INTERPRETATION A beneficial influence of exercise on pediatric emotional well-being and parental

treatment expectations was found. The evidence was not strong for other aspects of HRQOL.

Results support the positive relationship between physical fitness and emotional well-being in the

general population. A child’s perception is important when examining change in his or her emo-

tional well-being due to intervention.

The inclusion of health-related quality of life (HRQOL) out-
come measurements in clinical research is currently promoted.
However, few studies of children with cerebral palsy (CP) have
reported changes in HRQOL over time, and even fewer have
studied changes following intervention. When choosing
HRQOL instruments to measure outcomes for children with
CP, investigators face challenges.1 HRQOL is a multidimen-
sional construct that includes both physical and psychological
dimensions.2–4 Some assessments take a general health
approach while others are disease specific.5 Additionally, ques-
tionnaires may be directed to the child or to parents ⁄ guardians
as a proxy measure. Different versions are necessary for chil-
dren of various ages, and some questionnaires exclude younger
children because of the complexity of the questions. Although
HRQOL instruments can characterize differences across con-
dition severity, their responsiveness to change following inter-
vention has not been well established in CP.1

In the general population, there is convincing evidence that
regular physical activity improves psychological well-being.6

A review article on exercise in young people without disabili-
ties concluded that there was a strong positive relationship
between physical activity and psychological health based on
measures of anxiety and depression symptoms.7 This rela-
tionship has not been as well studied following interventions
for individuals with a disabling condition.6 However, the evi-
dence in individuals without disability gives reason to hypoth-
esize that similar benefit might be found for children with
CP. Among the few exercise intervention studies that have
evaluated HRQOL in children with CP, there have been
mixed results.8–12 Improved HRQOL is not a consistent find-
ing following exercise programs focused on strength train-
ing.9,10 In fact, a study by Dodd et al.9 reported a significant
decrease in self-concept for scholastic and social competence
in child participants after a home strength-training interven-
tion. Engsberg et al.10 used both parent proxy and child
questionnaires to evaluate HRQOL following a strengthen-
ing exercise program. A significant improvement was found
for the parent ⁄ guardian’s but not for the child’s responses.
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Available evidence supports improved psychosocial well-
being following aerobic exercise for children with CP.
Improved self-concept was reported for child participants,
following interventions that either focused on aerobic
exercise11 or included both aerobic and strengthening compo-
nents.8 Verschuren et al.12 studied the effects of an 8-month
fitness exercise program using a randomized controlled trial
design. During this 8-month study, the intervention group
focused on aerobic exercise for the first 4 months, followed by
anaerobic exercise for the last 4 months. Following the aerobic
exercise period, parental reports of motor, autonomy, and cog-
nition domains, as well as child reports of self-concept for ath-
letic competence, improved. Only autonomy remained
significantly higher for the intervention group following the
anaerobic exercise period. Collectively, these studies suggest
that aerobic exercise may have a positive influence on aspects
of HRQOL for children with CP.

The aim of this study was to assess the effect of the Pediatric
Endurance and Limb Strengthening (PEDALS) stationary
cycling intervention on HRQOL in children with spastic di-
plegic CP. We previously reported the results of the PEDALS
intervention relative to the International Classification of
Functioning, Disability and Health (ICF) body structure and
function and activity levels.13 Significant improvements were
found in walking ⁄ running endurance, gross motor function,
and select measures of muscle strength for the cycling group.
There was no significant difference between the cycling and
control group. This report focuses on HRQOL. Considering
the limited research examining stationary cycling in this popu-
lation, PEDALS was designed as a phase I study.

METHOD
The design for this study was a phase I, multisite randomized
controlled trial with single blinding. Power analysis deter-
mined that a sample size of 58 participants (29 intervention,
29 control) would have 80% power to detect a moderate effect
size of 0.7.13 The participants were randomly assigned to a
control (no intervention) group or an intervention (cycling)
group. Randomization was blocked by age (7–11y, 12–18y)
and lower extremity selective voluntary motor control ability
(good, fair) to minimize the effects of physical impairment and
maturation. Participants who exhibited good selective motor
control (isolated knee and ankle motion) bilaterally were
assigned to the ‘good’ category for stratification. Participants
who had fair voluntary selective motor control (isolated knee
but not ankle motion) of at least one leg were assigned to the
‘fair’ category. Group assignment was determined using a
computerized random number generator. Evaluators were
blinded to group assignment.

The stationary cycling intervention consisted of 30 sessions
over 12 weeks in community-based pediatric physical therapy
clinics. Each 60-minute session was divided into strengthening
and cardiorespiratory phases. A progressive resistive exercise
protocol was used for the strengthening phase. For the cardio-
respiratory phase, participants were encouraged to achieve a
target heart rate range of between 70% and 80% maximum,
calculated using the Karvonen method: target heart rate (HR)

=([220–age]– HRresting)·0.7 [or 0.8]+HRresting.14 Participants
were asked to maintain their current physical activity level,
including physical therapy, during the study. Each participant
was provided with a physical activity calendar for the 12-week
intervention period, so that group activity levels could be
quantified. Cycling group participants did not report time
spent in the cycling intervention on their calendars. An inter-
vention was not provided for the control group. More detailed
descriptions of the PEDALS intervention protocol have been
reported.13–15

Participants
Potential participants were recruited from southern Califor-
nia and south-west Missouri via brochures, flyers, and post-
ings on disability-related websites. Inclusion criteria were: (1)
spastic diplegic CP; (2) age between 7 and 18 years; (3) the
ability to comply with simple verbal directions; (4) Gross
Motor Function Classification System (GMFCS) levels I to
III; and (5) selective motor control rating of good or fair for
at least one leg.13 Exclusion criteria were: (1) neurological
surgery, orthopedic surgery, or implantation of a baclofen
pump within 12 months preceding enrollment; (2) botulinum
injections, new orthotics, serial casting, or alteration in medi-
cations acting on the neuromuscular system within 3 months
preceding enrollment; (3) initiating exercises, sports, or physi-
cal therapy or changing assistive devices for walking within
3 months preceding enrollment; (4) difficulty in maintaining
age-appropriate behavior; (5) serious medical conditions such
as diabetes, cardiac disease, or uncontrolled seizures; (6) cur-
rent participation in a fitness program; (7) significant contrac-
tures of the hip, knee, or ankle preventing passive movement
of the legs through the pedaling cycle; and (8) poor bilateral
voluntary selective motor control (unable to isolate knee or
ankle joint motion out of synergy).14 Study procedures were
approved by the institutional review board of each institution.
Informed consent was obtained from a parent or guardian
and participants over 14 years of age. Informed assent was
obtained from participants under 14 years of age.

Health-related quality of life instruments
We evaluated the perceptions of the child participant as well
as his or her parent or guardian. HRQOL of the child partic-
ipants was assessed using the Pediatric Quality of Life Inven-
tory 4.0 Generic Core Scales SF15 (PedsQL).16 More
detailed HRQOL questions about physical capacity and satis-
faction were directed to the parents using the Pediatric
Outcomes Data Collection Instrument (PODCI).2 Both the
PedsQL and the PODCI have been used to measure the per-
ceptions of children with CP and those of their
parents ⁄ guardians.17–20

What this paper adds
• This is the first pediatric randomized controlled trial that investigates the effect

of a stationary cycling intervention on health-related quality of life.
• The results demonstrate improved emotional well-being in the cycling group

compared with the control group.
• A child's perception is important when examining change in his or her emo-

tional well-being due to intervention.
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The PedsQL was designed to measure HRQOL in healthy
children and those with a wide range of health conditions.21 It
has been shown to be valid and reliable.3,16 The PedsQL
assesses four dimensions of function: physical, emotional,
social, and school.3 The last three scales combine to create a
psychosocial health summary. The 15 questions at baseline
and follow-up are identical. The questionnaire has three ver-
sions, with selection based on the child’s age. Simplified
answer choices anchored to pictures of happy, neutral, or sad
faces are used for children aged 5 to 7 years. A higher score
represents a more positive HRQOL.

The PODCI was developed to assess HRQOL for children
undergoing orthopedic treatment for musculoskeletal condi-
tions. Good construct validity and reliability have been
reported.2 The PODCI has separate baseline and follow-up
forms that differ slightly in language to capture change due to
treatment at follow-up. There are two parent proxy versions
based on the age of the child. There are 117 questions. The
parent or guardian is asked to select one answer from at least
four choices. The PODCI contains four sections: global func-
tion and symptoms, happiness, treatment expectations, and
satisfaction with symptoms. A higher score represents a more
positive HRQOL. After consulting with the developers of the
PODCI, we altered the wording of the post intervention treat-
ment expectations section to make it clear that the time period
was limited to the previous 3 months during which the child
was enrolled in the PEDALS study. A question asking whether
a child used assistive devices for sitting and standing was
removed as parents were confused about reporting whether
orthoses were worn versus whether they were required for
these activities.

Questionnaire administration and assessment
Both questionnaires were administered following a standard-
ized protocol outlined in the study’s manual of procedures.14

The blinded evaluators were trained in questionnaire adminis-
tration and passed a videotaped evaluation of competency with
a 95% performance rating. The PedsQL was administered in
English as all the children spoke English. The youngest chil-
dren in the study (7y) used the PedsQL young child version;
older children (8–12y) completed the child version and adoles-
cents (13–18y) used the teen version. The PODCI parent
proxy versions for parents or guardians of children (2–10y) or
adolescents (11–18y) were used. Written Spanish and English
language versions of the PODCI were administered. An inter-
preter was available to assist parents or guardians who spoke
Spanish, Korean, or Japanese. Each question and all possible
responses were read to the participant and the evaluator
recorded the selected answer. This verbal administration
method was chosen to ensure that all questions were answered
and to eliminate the need for participant literacy. Parents or
guardians and the child participants were separated during
questionnaire administration so that each participant could
answer the questions confidentially. The same parent or
guardian completed both baseline and follow-up question-
naires.

Data analysis
Statistical analyses were performed using JMP version 6.0 soft-
ware and SAS version 9 (SAS Institute, Cary, NC, USA).
Demographics and characteristics were compared between the
cycling and control groups using v2 tests for comparison of
proportions and one-way analysis of variance for continuous

11 fair/
10 good
(n=21)

Telephone/clinic prescreened (n=129)

Baseline (n=62)

Randomised (n=64):
Stratified by age & selective voluntary motor control

Intervention (cycling) Control (no cycling)

Randomised
(n=64)

Age 7–11 Age 12–18 Age 7–11 Age 12–18

Post (n=58)

7 fair/
5 good
(n =12)

11 fair/
9 good
(n=20)

6 fair/
5 good
(n=11)

10 fair/
8 good
(n=18)

6 fair/
5 good
(n=11)

9 fair/
9 good
(n=18)

6 fair/
7 good
(n=13)

9 fair/
9 good
(n=18)

6 fair/
7 good
(n=13)

8 fair/
8 good
(n=16)

6 fair/
7 good
(n=13)

Ineligible or refused (n=65)

Figure 1: CONSORT trial diagram illustrating the flow of participants through the trial.13 (Reprinted with permission of the American Physical Therapy Associ-
ation)
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variables. Baseline, post intervention, and change scores were
calculated. Independent t-tests were used to evaluate the
change scores between groups. As this was a phase I study,
within-group changes were also of interest. Paired t-tests were
applied to examine the difference between baseline and post
intervention scores within groups. Significance level was set at
p<0.05, and all t-tests were two tailed.

RESULTS
The CONSORT diagram is shown in Figure 1.13 Of the 129
individuals who responded to recruitment efforts, 64 were ran-
domized, 62 completed baseline testing, and 58 (29 cycling, 29
control) completed the study. There were a greater number of
participants in the 7- to 11-year category. Blocking by age
group was removed as we had greater difficulty in recruiting
to the older age group. The two groups were well matched at
baseline for demographics, characteristics, and physical ability
(Table I).13 Significant differences were not found for sex, age,
ethnicity, race, selective voluntary motor control, GMFCS
level, anthropometrics, medical problems, or gross motor
function at baseline (p>0.05). Adherence to cycling session
attendance was 89.6%. Protocol variations occurred for three
cycling group participants who missed one, three, or four of
30 scheduled cycling sessions. Twenty-eight mild adverse
events were reported for 18 participants that were potentially
related to the study. These were observed falls, complaints of
soreness, muscle cramping, mild pain and fatigue, and skin
rash related to the heart rate monitor. There were 30 adverse
events unrelated to study procedures: illness (colds, flu), tooth
loss, headache, stomach ache, tonsillectomy, and skin irritation
from orthotic use.13

The PedsQL results are shown in Table II. One partici-
pant’s data were removed from the analysis because he did
not complete the questionnaire independently, leaving 57
participants (28 cycling, 29 control) in the post study analy-
sis. The only significant between-group difference was for
emotional functioning (8.9, 95% confidence interval [CI]
0.2–17.7, p=0.046). The responses that improved the most
for this section were for questions relating to feeling scared
(from 50.0–66.1) and angry (from 44.6–63.4). For both ques-
tions, these scores reflect a mean change in the answer from
closest to ‘sometimes’ to one that was closest to ‘not at all’
(age 7y) or ‘almost never’ (age ‡8y). Significant within-group
improvements were found for the cycling but not for the
control group. There was a 5.8-point increase in total score
(1.8–9.7; p=0.006). In addition, the psychosocial health sum-
mary (+6.9, 95% CI 2–12; p=0.008) and two of its contribut-
ing scales, emotional functioning (+9.1, 95% CI 2.4–15.9;
p=0.01) and school functioning (+8.0, 95% CI 1.0–15.6;
p=0.038), improved in the cycling group. The response that
improved most for the school section was to a question ask-
ing if it was hard to pay attention in school. The score
increased from an average of 67.0 to 77.7, reflecting a change
in response from one that was closest to ‘sometimes’ to one
that was closest to ‘not at all’ (7y of age) or ‘almost never’
(‡8y of age). Significant changes were not found for physical
functioning.

The PODCI results are shown in Table III. Fifty-eight
parents or caregivers completed the PODCI at baseline. The
response of one caregiver was removed from the analysis
owing to her difficulty in comprehending some of the ques-
tions. Another was not available to complete the post inter-
vention questionnaire, leaving 56 participants (27 cycling, 29
control) in the post study analysis. The only significant
between-group finding was for the treatment expectations
section. The baseline version of this section queries the parent
about his or her expectations for the child’s performance, e.g.
‘to be able to do activities at home’ or ‘to be able to do more
sports’. Post intervention, they were asked about changes in
their child’s ability, and these responses were compared with
their expectations at baseline. A significant difference in

Table I: Demographics and characteristics for cycling and control group
participants at baseline (n = 62).a Adapted from Fowler et al.13

Cycling
(n=31)b

Control
(n=31)b p-valuec

Demographics
Sex: Male ⁄ Female 18 ⁄ 13 11 ⁄ 20 0.13
Age (y) 10.7 (8.5, 12.3) 11.2 (9.8, 13.3) 0.59

Ethnicity
Hispanic 12 7 0.57

Race
African American 5 3 0.32
White 18 15
Asian 1 5
Other 7 8

Parental language
English 24 26 0.79
Spanish 6 4
Other 1 1

Age categories (y)
7–11 20 18 0.80
12–18 11 13

Selective voluntary motor control
Fair 17 15 0.80
Good 14 16

Mobility
GMFCS level I 11 8 0.31
GMFCS level II 8 6
GMFCS level III 12 17

Anthropometrics
Height (m) 1.4 (1.3, 1.5) 1.4 (1.3, 1.5) 0.94
Weight (kg) 35.5 (25.4, 48.6) 36.5 (28.0, 47.2) 0.83

Related medical historyd

Asthma 11 6 0.25
Attention ⁄ behavioral
problems

8 8 >0.99

Intellectual disability 4 4 >0.99
Seizure disorder 2 4 0.67
Learning problems 10 16 0.20
Speech problems 11 10 >0.99
Vision problems 15 23 0.07
Hearing problems 1 2 >0.99

GMFM-66
(maximum score=100)

69.2 (64.8, 74.2) 69.2 (62.2, 72.0) 0.96

aValues are median (25th, 75th centile) for continuous variables,
frequency for categorical variables. bn=sample size for cycling ⁄ control
groups. cv2 test for categorical variables, one-way analysis of variance
for continuous variables. dRelated medical history was obtained from
the parent Pediatric Outcomes Data Collection Instrument (PODCI).
GMFCS, Gross Motor Function Classification System; GMFM-66,
Gross Motor Function Measure (66 items).
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change scores was found between the cycling and control
groups (p=0.006) in this section. There was a significant
decrease for the control group score ()19.4, 95% CI )28.8 to

)9.9, p=0.002). There was little change in the cycling group
()1.7, 95% CI )10.3–6.8, p=0.68), indicating that parents’
treatment expectations were not significantly different from

Table II: Pediatric Quality of Life Inventory SF15 (PedsQL) child responsesa

Cycling group (n=28) Control group (n=29) Between-group differenceb p-valuec

Physical functioning
Baseline 67.2 (57.2–77.3) 65.9 (58.2–73.5)
Post intervention 70.4 (61.9–79.0) 69.9 (63.7–76.2)
Within-group changed 3.2 ()1.9–8.2) 4.0 ()3.8–11.9) )0.8 ()10.0–8.3) 0.85
p-valuee 0.21 0.30

Psychosocial health summaryf

Baseline 62.8 (53.8–71.8) 68.0 (61.8–74.2)
Post intervention 69.7 (61.8–77.6) 69.5 (63.5–75.5)
Within-group changed 6.9 (2.0–12.0) 1.5 ()2.0 to 5.0) 5.4 ()0.5 to 11.5) 0.07
p-valuee 0.008h 0.40
Emotional functioning

Baseline 55.6 (44.7–66.5) 68.1 (60.2–76.0)
Post intervention 64.7 (56.3–73.2) 68.3 (61.0–75.6)
Within-group changed 9.1 (2.4–15.9) 0.2 ()5.7 to 6.1) 8.9 (0.2–17.7) 0.046h

p-valuee 0.01h 0.94
Social functioning

Baseline 74.1 (63.2–85.0) 67.8 (60.2–75.5)
Post intervention 77.1 (66.6–87.6) 71.0 (62.6–79.3)
Within-group changed 3.0 ()5.2 to 11.2) 3.2 ()5.0 to 11.3) )0.2 ()11.5 to 11.1) 0.97
p-valuee 0.46 0.43

School functioning
Baseline 61.0 (50.3–71.7) 68.1 (59.9–76.3)
Post intervention 69.0 (58.6–79.4) 69.5 (61.4–77.7)
Within-group change d 8.0 (1.0–15.6) 1.4 ()5.9 to 8.7) 6.6 ()3.7 to 16.9) 0.20
p-valuee 0.038h 0.69

Total scoreg

Baseline 64.2 (55.6–72.8) 67.3 (62.0–72.6)
Post intervention 70.0 (62.3–77.6) 69.6 (64.1–75.2)
Within-group changed 5.8 (1.8–9.7) 2.3 ()1.5 to 6.1) 3.5 ()2.0 to 8.8) 0.21
p-valuee 0.006h 0.22

aValues are mean (95% confidence interval). bDifference in post intervention change between the cycling and control groups. cp-value for
between-group difference calculated using independent t-tests. dPost intervention change calculated by subtracting baseline value from post
session value. ep-value for within-group change calculated using paired t-tests. fPsychosocial health summary is the combined scores from
emotional, social and school scales. gTotal score is the total of all scales. hStatistically significant at p<0.05.

Table III: Pediatric Outcomes Data Collection Instrument (PODCI) parent responsesa

Cycling group (n=27) Control group (n=29) Between-group differenceb p-valuec

Global function and symptoms
Baseline 74.8 (70.3–79.4) 75.1 (70.4–79.9)
Post intervention 75.2 (70.4–80.1) 75.4 (70.9–79.9)
Within-group changed 0.4 ()2.5 to 3.3) 0.3 ()2.8 to 3.4) 0.1 ()4.1 to 4.3) 0.96
p-valuee 0.78 0.86

Happiness
Baseline 82.9 (78.0–87.8) 76.7 (69.4–84.1)
Post intervention 86.1 (80.9–91.3) 77.4 (71.9–82.9)
Within-group change d 3.2 ()2.4 to 8.8) 0.7 ()4.8 to 6.1) 2.5 ()5.1 to 10.2) 0.51
p-valuee 0.25 0.80

Satisfaction with symptoms
Baseline 50.0 (36.3–63.7) 44.8 (32.5–57.1)
Post intervention 51.9 (39.6–64.1) 32.8 (21.9–43.6)
Within-group change d 1.9 ()11.3 to 15.0) )12.0 ()23.9 to )0.3) 13.9 ()3.3 to 31.2) 0.11
p-valuee 0.77 0.046 f

Treatment expectations
Baseline 64.2 (56.4–72.0) 61.8 (55.3–68.3)
Post intervention 62.5 (53.2–71.7) 42.4 (33.8–51.1)
Within-group change d )1.7 ()10.3 to 6.8) )19.4 ()28.8 to )9.9) 17.7 (5.2–30.0) 0.006f

p-valuee 0.68 0.0002f

aValues are mean (95% confidence interval). bDifference in post intervention change between the cycling and control groups. cp-value for
between-group difference calculated using independent t-tests. dPost intervention change calculated by subtracting baseline value from post
session value. ep-value for within-group change calculated using paired t-tests. fStatistically significant at p<0.05.
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their child’s post intervention abilities. A significant within-
group difference was found for the satisfaction with symptoms
section. This section contained one question: ‘If your child
had to spend the rest of his ⁄ her life with his ⁄ her bone and
muscle condition as it is right now, how would you feel about
it?’ A significant before versus after decrease in the change
score was found in the control group ()12.0, 95% CI )23.9
to )0.3, p=0.046). Their mean scores decreased from 44.8 to
32.8, reflecting a satisfaction level that moved further away
from ‘neutral’ and closer to ‘somewhat dissatisfied’. Signifi-
cant changes were not found between or within groups for
the PODCI global function and symptoms or happiness
scores.

DISCUSSION
The strongest finding from this study was the significant
between-group difference in the PedsQL emotional function-
ing scale. A more positive emotional outlook was expressed by
a reduced frequency of negative feelings, especially fear and
anger. An overall improvement in HRQOL was not found, as
there were no between-group differences in change scores for
the PedsQL total score and most subscales. As few studies
have examined a cycling intervention for children with CP,
and the level of evidence was low, this was designed as a phase
I study. As such, we felt that it was important to critically
examine within-group changes that might provide additional
information and assist with the design of future research.
There were significant increases in the PedsQL psychosocial
health summary and the contributing emotional and school
functioning scores in the cycling group. The improvement in
psychosocial score of 6.9 exceeded the minimal clinically
important difference (MCID) of 5.3 reported by Varni et al.3

for the longer version of the PedsQL. The MCID has not
been reported for the short form of the PedsQL. While a
between-group difference was not found for the psychosocial
health summary, the relatively low p-value (p=0.07) and the
small overlap in the confidence intervals of the change scores
for the two groups suggests that significance might have been
found with a larger sample size.

Improved emotional functioning supports the positive rela-
tionship between physical fitness and psychological well-being
in the general population and in children with CP following
fitness exercise programs.7–9,12 Improved emotional well-
being in the present study, especially feeling less scared or
angry, is consistent with the positive relationship between
physical activity and reduced anxiety and depression reported
for children without disability.7 Available evidence also
supports a beneficial relationship between aerobic exercise and
cognition in children without disability.22 A recent random-
ized controlled trial reported a positive effect of aerobic exer-
cise on academic achievement.23 Improved executive function,
mathematics achievement, and brain activation patterns (via
functional magnetic resonance imaging) were found following
a 3-month aerobic exercise intervention for sedentary and
overweight children (aged 7–11y). These findings are consis-
tent with improved school functioning in cycling group partic-
ipants in the present study.

Only two studies could be found that examined the PedsQL
4.0 Generic Core Scales following exercise interventions for a
total of 15 children with spastic CP.10,19 These studies used
the 23-item version. Dieruf et al.19 assessed the effect of body
weight-supported treadmill training for six participants with
spastic hemiplegia. While this protocol was not designed as a
focused aerobic intervention, treadmill walking duration was
progressively increased over a 2-week period. Four of the par-
ticipants had improvements in the psychosocial health sum-
mary that exceeded the MCID of 5.3 as reported by Varni
et al.3 The results were not reported for the contributing sub-
scale scores. Engsberg et al.10 examined an ankle strength
training intervention for nine children but also only reported
the total PedsQL score. They found an increase in the total
score for the parent proxy but not for the child report. It is dif-
ficult to compare the results of our study with this limited
research, but one possibility is that aspects of HRQOL may
improve selectively with aerobic exercise. As the PEDALS
intervention incorporated strengthening and cardiorespiratory
exercise components, we are unable to determine which com-
ponent was critical to the observed improvement in emotional
well-being.

A significant improvement was not found for the PedsQL
physical functioning section. It may be that the children did
not perceive or attain an increase in strength or function.
While significant within-group improvements were reported
for strength, gross motor function, and walking and running
endurance in the cycling group, these changes were insuffi-
cient to produce a between-group difference.13 Another possi-
ble explanation is a low level of sensitivity of these questions
for children with physical disabilities. For example, the youn-
gest children were asked how much of a problem a particular
physical activity had been over the last few weeks. Their
choices were ‘not at all’, ‘sometimes’, or ‘a lot’. As many of the
physical activities listed (walking, running, sports ⁄ exercise,
picking up big things, and chores) are challenging for children
with CP, an activity may remain ‘sometimes’ hard rather than
‘not at all’ hard despite an improvement. Given the chronic
nature of CP, a HRQOL assessment with smaller units of
change for physical health might have exhibited greater sensi-
tivity. This issue was not problematic for psychosocial health
questions as having a physical disability does not limit the
range of responses possible for questions about emotional
health, school, or social functioning.

While medical interventions are directed toward the child,
it is primarily the parents or guardians who make the treat-
ment decisions;24 therefore, their perception of treatment out-
comes is important. In addition, there is evidence that parents’
perceptions can contribute positively or negatively to their
child’s well-being.25 The similarity of the treatment expecta-
tions scores at baseline indicates that both groups had compa-
rable positive expectations initially. The cycling group had
similar scores before and after the intervention, indicating that
the intervention met their expectations for improvement in
function, self-image, and pain level. It is logical that control
group scores decreased post intervention as their children
were assigned to the ‘no cycling’ group. The control group
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change score of )19.4 met the criteria for an MCID (13.3
medium; 21.2 large) as defined by Oeffinger et al.26 This
divergence in post intervention scores resulted in a significant
difference between the two groups.

Despite an overall parental perception that there was an
improvement, the cycling group did not improve significantly
in the PODCI global function and symptoms scale. For this
scale, parents were asked to rank their child’s current physical
abilities, feelings, and pain using a list of descriptors. This
finding may indicate a lack of functional improvement or
inadequate questionnaire sensitivity for children with physical
disabilities. As previously described for the PedsQL, it is pos-
sible that, despite modest improvement, physical activities
remained ‘a little hard’ and not ‘easy’ to perform. Addition-
ally, the PODCI was designed to capture outcomes following
orthopedic intervention, which is often surgical. A child’s
physical health may improve following a fitness intervention
such as cycling yet not match the impact of surgery, which
often incudes a prolonged rehabilitation period and intensive
physical therapy. Therefore, the PODCI may not be the best
outcome measure to examine change due to a short-term fit-
ness intervention. Surprisingly, the PODCI satisfaction with
symptoms score decreased significantly for the control group.
This finding may reflect the parents’ disappointment that
their child was not selected for the exercise intervention. As
parents did not perceive positive changes following the inter-
vention period, their overall satisfaction with the level of their
child’s ‘condition’ may have decreased. The decrease in the
satisfaction with symptoms change score ()12.0) for the con-
trol group was slightly less than a reported MCID value of
14.4.26

No additional studies were found that used the parent proxy
version of the PODCI as an outcome measure following an
exercise intervention. Two studies reported significant
increases (p<0.05) in the global function and symptoms section
following lower limb soft-tissue or bony surgery in children
with CP (GMFCS level I–III).20,27 Damiano et al.28 reported
a significant improvement in the global function and symp-
toms scale after musculotendinous surgery but not after selec-
tive dorsal rhizotomy or baclofen pump implantation. None
of these studies reported results from the satisfaction with
symptoms or treatment expectation sections, limiting compar-
isons with the present study.

The definition of HRQOL and how best to measure it
remains unclear.4 A wide range of questionnaires has been
used for exercise research focusing on various aspects includ-
ing functional ability, self-perception, feelings, and perceived
competence. While many HRQOL instruments are successful
in describing differences between children with and without
disability, they may not be sufficiently sensitive to detect
change attributable to treatment. It appears that interviewing
a child directly about emotional functioning using the Peds-
QL SF-15 was sensitive to change following exercise in the
present study. The PODCI parent proxy does not include an
‘emotional functioning’ section. The questions in the happi-
ness section were worded to enquire about satisfaction rather
than feelings. For example, the parent was asked about how

happy his or her child has been with their physical abilities,
appearance, or health in general. This section was not sensitive
to change following exercise in the present study.

In a previous report, significant improvements for PEDALS
study primary outcomes (walking and running endurance,
gross motor function, and measures of muscle strength) were
reported for the cycling but not the control group.13 As the
effects on physical functioning were not strong, this may
explain limited improvements in overall HRQOL. While sig-
nificant between-group differences were found for PedsQL
emotional functioning and the PODCI parental treatment
expectations, other sections were either not significantly dif-
ferent or improvements were limited to the cycling group. As
previously discussed,13 between-group differences are most
easily detected when the interindividual variability is low, con-
trol group outcomes are stable, and there is a large treatment
effect. Treatment dose is an important variable. Overall, the
treatment adherence and intensity appeared sufficient. Adher-
ence was high at 89.6%, protocol variations were minimal,
and the mild adverse events reported did not limit cycling par-
ticipation. Cycling group participants obtained an average
heart rate of 147.2 beats per minute during the cardiorespira-
tory phase of the cycling intervention. This value represents
an average of 52.2% of their maximum heart rate, calculated
using the Karvonen method (correcting for differences in rest-
ing heart rate) and is within the American College of Sports
Medicine threshold of 40 to 60% recommended for unfit
individuals.29 Average strength gains during the strengthening
phase of each session improved from 12.2 to 29.8kg (30–74%
of body weight). Exercise intensity for individual participants,
however, was variable. As illustrated in case reports for two
PEDALS participants,15 motivation was not always optimal,
particularly for the cardiorespiratory component.

Limitations of this study include a small sample size, a short
intervention duration, intraindividual variability, and the lack
of an intervention for the control group. It is difficult to
recruit participants for an after-school exercise program when
families of children with disabilities may already have an
increased burden of care. A longer duration program might
have further reduced interest in participation. Although this
study was small, the Verschuren et al. study12 is the only exer-
cise study for children with CP to date that recruited more
participants (n=86). That study, performed in special education
schools in the Netherlands, found a between-group difference
in aspects of HRQOL after 4 months of aerobic exercise. In
the USA, children attend school in the ‘least restrictive envi-
ronment’,30 making implementation in the school system more
challenging but certainly feasible. Newer technologies, such as
game-based Internet programs, can be monitored remotely
and could be implemented as a home exercise program to pro-
mote long-term exercise adherence. Intraindividual variability
could have been addressed by using a multiple baseline design
to identify participants with inconsistent responses. Control
group PedsQL scores improved for all components, and the
variability was large, as evidenced by the large confidence
intervals for the change scores. Children with attention ⁄ behav-
ioral problems, intellectual disabilities, and learning problems
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may be less reliable for self-report outcome measurements (see
Table I). The use of a no-intervention control group does not
allow us to rule out alternative explanations for improvement,
such as positive attention from adults.

In summary, the results of this study demonstrate the posi-
tive effects of a short-term fitness intervention on emotional
well-being in children with CP but the evidence was not as
strong for other aspects of HRQOL. Cycling is an exercise
that can be safely performed in the clinic, community, or
home. Future research may clarify the characteristics of indi-
viduals with CP who will benefit most from a cycling interven-
tion.
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