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Abstract

Aim: To examine the impact of participation in an
adaptive ski and snowboard program on Health-
Related Quality of Life (HRQL).

Methods: Participants completed the KIDSCREEN-52
HRQL guestionnaire prior to and upon completion of a
winter sport season. The questionnaire was distributed
for five seasons. Participants who completed three
or more years were further analyzed as a long-term
cohort.

Results: Seventy-six athletes met inclusion criteria.
After one vyear, athletes demonstrated significant
improvement in physical well-being and bullying;
guardians reported improvement in six of the 10 HRQL
domains. Twenty-nine athletes met criteria for the
long-term cohort, reporting significant improvements
in financial resources, peers and social support, and
bullying, but a significant decrease in self-perception.
Parents reported improvements in financial resources
and bullying.

Conclusions: Perceived changes in HRQL of children
with disabilities are evident after one season of

participation, and guardians are more likely to report
significant improvements than child-athletes.

Keywords: Adapfive recreation, adaptive sports, cere-
bral palsy, disabilities, quality of life, skiing

Infroduction

The positive physical, psychological, and social benefits
of sports participation in child-athletes are well document-
ed. Despite demonstrated benefits of physical activity, stud-
ies have found that children with cerebral palsy (CP) are
not as physically active as their able-bodied peers (Zwier et
al., 2010). Individuals with disabilities who participate in
sports have been shown to have improved strength, stamina
(Blauwet, 2005; Groft, Lundberg, & Zabriskie, 2009; Taylor,
Dodd, & Larkin, 2004), cardiovascular health, fitness (Groff,
Lundberg, & Zabriskie, 2009; Seaman, Corbin, & Pangrazi,
1999; Wells & Hooker, 1990), and do not develop as many
or as severe secondary health conditions (Centers for Dis-
ease Control and Prevention [CDC], 2002; Groff, Lundberg,
& Zabriskie, 2009; Santiago & Coyle, 2004; Seaman, Corbin,
& Pangrazi, 1999). Children with CP, central nervous sys-
tem injuries, limb deficiencies, neurologic diagnoses, vari-
ous syndromes, and cancer have shown gains in these realms
similar to their typically developing peers; improved mood,
wheelchair mobility, and perception of health and overall
well-being have been reported (Campbell, 1995; Greenwood,
1990; Groft, Lundberg, & Zabriskie, 2009; Muraki, Tsuna-
wake, Hiramatsu, & Yamasaki, 2000). These particular sports
participants can greatly improve their social integration and
peer acceptance (Nelson & Harris, 1995). They frequently
undergo physical therapy and other interventions to main-
tain strength, mobility, balance, and to assist with activities
of daily living. However, they often cannot overcome several
barriers to sports participation, including a lack of adaptive
equipment, parental concerns, personal motivation, and
poor availability of programs with adequate supervision.

In the Surgeon General’s “Call to Action to Improve the
Health and Wellness of Persons with Disabilities,” four spe-
cific goals to help improve healthy lifestyles, health, and in-
dependence of individuals with disabilities were set forth.
The report stated that the Surgeon General believes that good
health can be encouraged simply by promoting an active life-
style (Office of the Surgeon General, 2005). By having chil-
dren participate in physical activities at an early age, the idea
of fitness, strength and improved health can be instilled and
maintained throughout their lifetime (Sterba, 2006). In the
past 20 years, advances in adaptive athletics have made safe
participation more possible for children with disabilities. A
participation possibility chart, developed in the 1970s and
accepted by many professional organizations, demonstrated
that there are very few combinations of medical pathology
and sports selection that cannot be adapted or individual-
ized (Chang, 1994). This led to a shift in dogma from a tradi-
tionally restrictive paradigm, advising against participation
for fear of injury or perceived limitations, to an integrative
one. Adaptive snow sports have been shown to be one such
enjoyable activity, with trained instructors assisting the ath-
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lete’s safe navigation of the ski slope environment (Barbin &
Ninot, 2008; Leung, 1988).

While the benefits of adaptive sports participation are
extensive, no study has assessed their impact on participant
health-related quality of life (HRQL). Furthermore, caregiv-
er perception of HRQL has not been addressed. The purpose
of this study was to quantify the impact of participation in
our institution’s adaptive skiing/snowboarding program on
parent-perceived and participant-reported HRQL. We hy-
pothesized that children would benefit in all domains of life
from participation in our program. We also believed these
benefits would continue to improve with continuous annual
participation, and that there would not be a significant dif-
ference between child and guardian reporting.

Methods

Study subjects were participants in the Adaptive Recre-
ation for Childhood Health (ARCH) ski/snowboard pro-
gram at Winter Park, Colorado, from 2011 through 2015.
This program has been sponsored by Children’s Hospital
Colorado and organized through the National Sports Cen-
ter for the Disabled (NSCD) since the 1970s, and provides
children with physical disabilities between the ages of 8 and
21 an opportunity to learn adaptive skiing and snowboard-
ing each winter. Each season, 60 to 70 children participate
in the ARCH program, with diagnoses including CP, spina
bifida, traumatic brain injury, spinal cord injury, arthrogryp-
osis, limb deficiency, among others. Each ski season entailed
comprehensive adaptive equipment fitting, followed by one-
on-one ski or snowboard instruction for five nonconsecutive
Saturdays from January to March. Instructors were volun-
teers trained by NSCD in Winter Park. Guardians of partic-
ipants were permitted to attend sessions, observe, and offer
support.

A validated, cross-cultural survey, KIDSCREEN-52, was
utilized to monitor the impact of the ARCH program on par-
ticipant HRQL (Robitail et al., 2006). KIDSCREEN-52 is ap-
plicable to both healthy and chronically ill children and ado-
lescents. A “proxy” measure has also been developed for use
with the primary caregivers of the children. KIDSCREEN-52
contains 52 questions that measure 10 domains of HRQL:
physical well-being (five questions), psychological well-be-
ing (six questions), moods and emotions (seven questions),
self-perception (five questions), autonomy (five questions),
parent relations and home life (six questions), financial re-
sources (three questions), social support and peers (six ques-
tions), school environment (six questions), and bullying and
social acceptance (three questions).

Following Institutional Review Board approval, ARCH
program participants were prospectively enrolled in the
study. All participants were eligible for this study. Written
informed consent and assent were obtained for all child-ath-
letes and primary caregivers prior to involvement in research
procedures. KIDSCREEN-52 was administered to each
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enrolled participant and his or her guardian at the time of
equipment fitting, prior to the first day of the season. The
survey was then administered between two and four weeks
after completion of the winter season. Subjects were exclud-
ed if they participated in fewer than four sessions per winter
season. Paired ¢-test analysis was completed only for athletes
and/or guardians who completed both pre- and post-season
surveys. Those who completed the pre-season survey were
included in trend analyses only. The questionnaire was ad-
ministered in paper format during the first year of the study
(2011), and distributed and completed electronically using
Research Electronic Data Capture (REDCap) for the follow-
ing four years (2012-2015) (Harris et al., 2009).

SAS 9.4 (SAS Institute, Cary, NC) was used for all analy-
ses. Total and subscale t-scores of KIDSCREEN were sum-
marized with mean and standard deviation at each time
point. Higher scores correlate with better HRQL. A paired
t-test was used to assess the statistical significance of the
change in KIDSCREEN scores following program participa-
tion. Significant change was defined as p<0.05. This was done
separately for athletes and guardians. Differences in HRQL
results between athletes and their guardians were then con-
trasted.

Athlete-guardian pairs that participated in at least three
consecutive seasons were included in our long-term partici-
pation cohort. A linear mixed-effects model with compound
symmetry covariance structure was used to model the time
course of pre-season HRQL score over multiple years.

Results

Seventy-six participants met inclusion criteria and par-
ticipated in the program for one or more years. Participant’s
age at enrollment ranged from 8-18 years at enrolment
(mean=12 years, 9 months, SD=2 years, 9 months), 45% of
whom had a diagnosis of CP. Other diagnoses included my-
elodysplasia, limb deficiency, traumatic brain or spinal cord
injury, arthrogryposis, and cancer. Demographic and clinical
characteristics are summarized in Table 1.

Forty-five child athletes who participated only one year
completed both the pre-and post-season survey. Significant
improvement was found in two of the 10 HRQL domains:
physical well-being (p<0.001) and bullying (p=0.010). Re-
sults are shown in Figure 1. No HRQL domain showed a sig-
nificant decrease after one year.

Guardians of these participants reported more domains
with significant improvement after the first year of participa-
tion compared to the athletes’ reports. As displayed in Figure
1, six of 10 HRQL domains were reported by guardians as
improved for their children: physical well-being, psycholog-
ical well-being, moods and emotions, financial resources,
peers and social support, and bullying (p=0.002, 0.028, 0.005,
0.003, 0.031, 0.026). The remaining four domains showed
mean improvements, but these were not significant (p>0.05).
No domain decreased after one year of participation.



Table 1
Patient Demographics and Characteristics for All
Participants and Long-Term Cohort Participants
All Long-term
participants | cohort
(n=76) participants
(n=29)
Sex Female 29 (38.2%) 12 (41.4%)
Male 47 (61.8%) 17 (58.6%)
Primary Cerebral Palsy — 20 (26.3%) 5 (17.2%)
Disability | Hemiplegic
Cerebral Palsy — 5(6.6%) 3 (10.3%)
Diplegic
Cerebral Palsy — 2 (2.6%) 1(3.4%)
Quadriplegic
Cerebral Palsy — 7(9.2) 2 (6.9%)
Unspecified
Spina Bifida 2 (2.6%) 0 (0%)
Genetic Disorder 2(2.6%) 1(3.4%)
Limb Deficiency 4 (5.3%) 0 (0%)
Arthrogryposis 3(3.9%) 2 (6.9%)
Traumatic Brain Injury | 2 (2.6%) 1(3.4%)
Scoliosis 2 (2.6%) 1(3.4%)
Club Foot 2 (2.6%) 1(3.4%)
Myotonia 6 (7.9%) 2 (6.9%)
Mitrochondrial Disorder | 2 (2.6%) 1(3.4%)
Other diagnoses 18 (23.7%) 8 (27.6%)
Ski Style 2 Track 38 (50%) 17 (58.6%)
3 Track 1(1.3%) 1(3.4%)
4 Track 2 (2.6%) 1(3.4%)
Snowboard 21(27.6%) 7(24.1%)
Sitski 12 (15.8%) 2 (6.9%)
Ski Bike 2 (2.6%) 1(3.4%)
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When contrasting athlete and guardian reporting after
one year of participation, the only significant post-season
change was observed in the self-perception domain. Par-
ents reported a perceived improvement in their children’s
self-perception, while children reported an average decline
in this domain. Overall parent and child agreement across all
domains demonstrated a moderate correlation with an aver-
age Spearman coefficient of 0.488.

There was only one significant gender-related difference
observed. Female athletes were more likely to report an in-
crease in peers and social support than their male counter-
parts (p=0.021) after one year of participation. There was no
significant difference in parent reporting with respect to ath-
letes’ gender.

Twenty-nine athlete-guardian pairs met inclusion crite-
ria for our long-term participation cohort. Trends in partici-
pant-reported HRQL change observed after multiple years of
participation are shown in Figure 2. Athletes reported trend-
ing improvements that were significant in three domains af-
ter three or more years: financial resources, peers and social
support, and bullying (p=0.002, 0.010, 0.011). Parents also
reported significant multi-year improvement trends in fi-
nancial resources and bullying (p=0.024, 0.003). Interesting-
ly, athletes reported a significant decrease in self-perception
(p=0.022) after multiple years of participation; no significant
trend was observed in parent reporting. No other domains
exhibited significant trends.

Discussion

Previous research has shown that participation in adaptive
sports can improve gross motor function in children with ce-
rebral palsy (Sterba, 2006). Adaptive skiing and snowboard-
ing are examples of such activities that are safe, beneficial,
and fun for children with disabilities (O’Leary, 1989). Due to
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Figure 1. Change in t-score for children after first year of parficipation. *indicates p<0.05
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Figure 2. Trends for child f-score over three or more years (p<0.05 for

the precise turning and other complex movements associat-
ed with skiing and snowboarding, participants may increase
muscle strength, joint flexibility, coordination, balance, and
posture (Sterba, 2006). Participation also affords children
with disabilities an opportunity to compete with or paral-
lel to their able-bodied peers. Regardless of the participant’s
particular disability, sports participation enhances personal
motivation, improves coping skills, promotes independence,
gives participants the opportunity to be compared on the
same social level as their peers, builds self-confidence, sup-
ports competitiveness, and fosters teamwork (Patel & Grey-
danus, 2010; “Special Olympics Reach Report”). Exercise-
and strength-based programs have been shown to elevate the
physical and mental functioning in adults with CP (Groff,
Lundberg, & Zabriskie, 2009; Santiago & Coyle, 2004; Taylor,
Dodd, & Larkin, 2004; van der Slot et al., 2007). Whether
these improvements are also seen in children participating in
adaptive ski/snowboard programs has not been elucidated.
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Prior research on the efficacy of adaptive sports programs
focused on self-concept and athletic identity, but not all ar-
eas of HRQL. Self-concept is an individual’s attitude and feel-
ings regarding his or her identity and abilities, while athletic
identity refers to the degree to which an individual identifies
with the role of an athlete (Brewer, 1993; Brewer, Van Raalte,
& Linder, 1993). Groff reported that among adults with CP,
the effect of sports participation on HRQL correlated with
their athletic identity (Groff, Lundberg, & Zabriskie, 2009).
In other words, participants that considered themselves ath-
letes were more likely to report an improved HRQL. Howev-
er, there have been no comprehensive assessments of HRQL
in child-athletes with disabilities.

Our data show that an adaptive skiing/snowboarding
program affects the HRQL children with disabilities after
just one season of participation. A significant change in the
athletes’ perception of their physical well-being occurred,
as they were able to participate in a new, physically taxing
activity. Previous research has found an overall greater sat-



isfaction with life and health in people with disabilities who
become and remain physically active (Groff, Lundberg, &
Zabriskie, 2009; Santiago & Coyle, 2004).

Unfortunately, this improvement in physical well-being
did not translate into a significant multiple-year trend. How-
ever, it is important for children with disabilities to under-
stand the importance of exercise and physical health in order
to prevent the secondary disabilities (deconditioning, heart
disease, obesity, hypertension) for which they are at risk
(Wind, Schwend, & Larson, 2004).

Bullying is a significant cause of psychological distress
among all children but is inherent to those with disabilities
(Flynt & Morton, 2004). After one year, children reported a
significant improvement in the HRQL domain of bullying.
We believe this is due to improved socialization and/or im-
proved coping ability after completion of the season. Guard-
ians reported an improvement in the domain of peers and
social support, supporting the former explanation. Children
reported a mean improvement in this social domain that was
not significant after one year, but did improve significantly
over multiple years of participation. This suggests repeat-
ed exposure to other adaptive athletes may foster feelings
of equality and remove barriers of insecurity. The positive
change in bullying continued to improve significantly with
continuous participation over multiple years, as reported by
athletes and guardians alike. The ability of an adaptive sports
program to mitigate the effect of bullying behavior and im-
prove socialization among children with disabilities is a key
finding of this study.

The Spearman coefficient of 0.488 demonstrates that
parent and child reporting are only moderately correlated.
Parents were more likely to report significant improvements
than their children. There may be a component of reporting
bias, as parents may view an adaptive program with more op-
timism. Parents may simply be thrilled that their children can
actively participate in specialized activities that would other-
wise be unavailable or too cumbersome for them to safely
do themselves. We believe their observations give import-
ant insight into the lasting effects of the program, especially
over multiple years. A prior study demonstrated that sports
had a greater impact on the HRQL of athletes with disabil-
ities when they participated with a family member (Groff,
Lundberg, & Zabriskie, 2009). Being present throughout the
season allowed guardians to better observe their children’s
accomplishments, and may have conversely allowed children
to have better outcomes.

Adaptive skiing and snowboarding had a remarkably dif-
ferent effect on the HRQL domain of self-perception when
reported by athletes who participated in the program for
three or more years compared to their guardians. There was
not a significant decrease in self-perception among athletes
in their first-year reporting, but this decrease became signit-
icant over multiple years of participation. Additionally, ath-
lete reporting was significantly different from what guardians

perceived, with guardians reporting an overall improvement
in self-perception. One explanation is that long-term expo-
sure may enable children to realize their limitations, partic-
ularly when the season is complete and there is not a new
adaptive sport in which they may compete. Alternatively,
this may represent a normal self-esteem trend as the athletes
transition into adolescence, which is a period of their lives
marked by struggles with self-image. Whatever the reason,
this finding demonstrates the importance of monitoring
this domain in adaptive athletic programs, since guardians
may not provide an accurate assessment of their children’s
self-perception.

This study had several limitations. There was a broad age
range included in the study, and younger children may be
less likely to report negative self-image attributes than old-
er children, as outlined previously. Many types of disabili-
ty were included in this study, and because most athletes
carried a diagnosis of CP, the study population lacked ho-
mogeneity. Finally, adaptive skiing and snowboarding pro-
grams are costly, and therefore are not readily available to
all children with disabilities. However, we believe the HRQL
changes observed in our study may be extrapolated to other
adaptive sports.

Historic dogma regarding sports for children with dis-
abilities was restrictive, either from fear of injury or a
misperception of the children’s limitations (Wind, Schwend,
& Larson, 2004). Over the past few decades, the doctrine of
sports participation has changed to one of integration, either
including children with disabilities into regular sports or
allowing them to compete in parallel. Adaptive skiing and
snowboarding programs allow the development of a recre-
ational therapy that can improve the health and well-being
of children with disabilities. The evidence provided in this
study demonstrates a positive impact on the HRQL of chil-
dren with disabilities. Accordingly, physicians and therapists
can safely recommend this adaptive sport.
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