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Introduction: Cerebral palsy (CP) is a neurological disorder that impairs motor
control and coordination, often leading to physical and social restrictions in daily
activities. This single-arm feasibility study investigates the potential efficacy of
virtual moderate- to high-intensity cycling at home among individuals with CP.

Methods: Twenty-three individuals with CP (GMFCS I-1V, 16 males, mean age
26, range 13-58 years) were recruited for a 12-week home-based cycling
intervention. The intervention included three weekly sessions, which could
be completed either in an online coach-led group setting or independently,
along with guidance for additional training. The primary focus was feasibility,
addressed by retention, adherence, and safety. Efficacy was primarily evaluated
using a functional threshold power test for cycling (FTP), the Timed Up and
Go Test (TUG), and the Sit to Stand test (STS), assessed before and after the
intervention, and secondly via self-reported questionnaires.

Results: The intervention was demonstrated to be safe and feasible, with no
adverse events reported. Retention was high, with only one dropout attributed
to mononucleosis. The remaining 22 participants completed the study with a
high attendance averaging 3.1 sessions/week [range 2-5]. Improvements were
observed in the FTP test (67.2 + 37.3 W, p < 0.001), the TUG test (2.1+14s,
p < 0.001), and the STS test (3.9 + 3.3 repetitions, p < 0.001) while self-reported
fatigue, pain, sleep, well-being, and self-efficacy remained unchanged.

Discussion: Our findings suggest that virtual cycling at home is a safe and
feasible approach to engage in moderate- to high-intensity exercise, enhance
physical capacity, and improve functional activity outcomes for individuals with
activity limitations.
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Introduction

Individuals with cerebral palsy (CP) have a higher rate of chronic conditions and
multimorbidity compared to the general population (1). Studies demonstrate that
individuals with CP experience significant progressive functional declines, fatigue,
diminished musculoskeletal mass and quality, excess adiposity, chronic physical
inactivity, and increased risk for cardiovascular disease all of which increase with age (2,
3). Studies have also identified that aging with CP is accompanied by higher rates of
chronic pain (4) and sleep problems (2). These factors contribute to an observed increase
in the prevalence of mental health issues and a decline in quality of life among individuals
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with CP compared to the general population (5, 6). Preventive
strategies to address both physical and mental health concerns are
therefore highly needed. However, participation in physical and
social activities can be hindered for many individuals with CP due
to mobility impairments and the need for assistive devices.
Inaccessible public spaces, lack of transportation, and insufficient
support services further limit their ability to engage in these
activities. Moreover, individuals with CP may face discrimination
or social stigma, leading to lower confidence in managing
challenges, exclusion, or isolation.

In recent years, the application of virtual reality to home-
based interventions has gained increasing interest, with multiple
studies conducted among children with CP (7, 8). Less research
has been conducted on home-based virtual reality interventions
for adolescents and adults with CP. A recent study by Holmes et al.
(9) showed that home-based cycling is feasible for non-ambulant
adults with cerebral palsy (CP). However, the study had a short
duration of only 4 weeks, involved a small sample size of just 10
participants, and did not incorporate a virtual environment.
Riding together (virtual and online) while apart (at home) may
enable moderate- to high-intensity training by overcoming
environmental and social barriers, eliminating the need for
transportation, and supporting online social interaction with
peers. The intensity is ensured through the activation of large
muscle groups during cycling, while the seated position allows
individuals with balance impairments or reduced physical
function to perform the activity safely. Technological
advancements have enabled the development of more user-
friendly, cost-effective, enriched, and reliable solutions for home-
based training, enhancing their overall effectiveness and
accessibility (10). In addition, modern health technology is often
integrated with evidence-based behavior-regulating strategies,
including self-monitoring, feedback, goal setting, and reward
mechanisms. Moreover, integrating the home-based setting with
online group sessions supervised by a coach can facilitate social
engagement and interaction. Thus, with guidance on progressive
challenges and variations, home-based cycling may provide a
convenient solution for enhancing training volume (10).

The primary aims of this study were to evaluate the safety and
feasibility, and the effects of a home-based intervention using a
virtual cycling universe on cycling performance and functional
activity outcome measures among individuals with CP. Secondary
aims were to explore the effects on self-reported measures of
fatigue, pain, sleep, well-being, and self-efficacy.

Materials and methods
Participants

Twenty-three individuals with CP were recruited for the study.
Participants were recruited through advertisements placed in
relevant clinics and an organization that support people with
CP. The wide age range was selected because of the early onset of
functional decline that continues to progress throughout life. To
be eligible, participants had to be within the age range of 13 to
60 years and demonstrate the ability to maintain balance while
riding a stationary bicycle. All participants gave informed consent
to the experimental procedure, which was approved by the local
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ethics committee (H-22032100) and registered in ClinicalTrials.
gov (NCT06402799). The study was performed in accordance
with the Declaration of Helsinki.

Procedures and outcome measures

Feasibility was a primary outcome of interest and encompassed
retention, adherence, and safety. Retention was evaluated based on
the proportion of participants who attended both the baseline and
post-intervention assessments, compared to the total number of
participants who completed the baseline assessments, with a
retention target set at a minimum of 95%. Adherence was measured
through participant activity logs on the training platform Zwift, with
a success criterion of attending an average of 2 out of 3 weekly
sessions. Safety was assessed by recording any adverse events that
occurred during sessions (e.g., falls or injuries that required medical
attention and/or hindered continued participation) as well as minor
incidents that did not prevent participants from completing the
planned training volume. The study’s success criterion was an
absence of adverse events.

A physical therapist with expertise in CP assessed the GMFCS
levels and types of CP. The same therapist conducted evaluations
for all participants before and after the 12-week intervention, at
their homes. The tests were carefully explained, and familiarization
was ensured before they were administered. A Timed Up and Go
Test (TUG) was performed to measure dynamic balance and
mobility (11). This assessment was conducted using a standard
chair without armrests, three meters of free floor space, and a
stopwatch. The participant was asked to stand up, walk 3 meters
to a line on the floor, and return to a seated position in the chair
while being timed. A therapist was nearby to secure a safe test
setting and avoid falling. In addition, the Sit to Stand test (STS)
was used as a functional measure of lower body strength and
endurance (12). The participant was seated in the standard chair
with arms crossed (if possible) over the chest and was instructed
to stand up fully and sit down as many times as possible within
30 s. To assess cycling performance, participants completed a
modified Functional Threshold Power test for cycling (FTP). An
indoor bicycle with toe clips (Taurus Smart Bike Z9.9 Pro, Lingen,
Germany) or a home-trainer (Wahoo KICKR CORE Zwift One,
Atlanta, US attached to the participants’ personal bicycles) was
provided and set up in their homes. The use of an indoor bicycle
or a home-trainer was determined by the participant’s functional
level. Participants with the lowest functional level used an indoor
bicycle, as it is easier to mount and offers greater stability due to
its fixed handlebar. The FTP test involved a maximal effort ride
on the stationary bicycle starting at either 50 W (Ramp Test Lite)
or 100 W (regular Ramp Test) depending on the participant’s
functional level. The Ramp Test Lite commenced at 50 W, with
resistance increasing by 5 W per minute until the point of
exhaustion. The regular Ramp Rest was initiated at 100 W, with
resistance increasing by 10 W per minute until exhaustion (see
Appendix 1 for further details on the modified FTP tests). When
the test is completed, the FTP is calculated as 75% of the highest
1-min power averaged during the test, providing an estimate of
the individual maximum power that can be maintained over
longer durations (30-70 min). In addition to assessing cycling
performance, this FTP test was also used to personalize resistance
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in the intervention workouts, as explained further in the
intervention section.

Participants received questions by email before and after the
training period regarding their current level of fatigue (FSS) (13),
Pain (VAS scale) (14), Well-Being (WHOS5) (15), Sleep problems
(16), and Self-efficacy (Gses) (17). At the end of the study,
participants were also asked to provide feedback on the three most
positive and negative aspects of the study, respectively.

Intervention

A virtual training platform (Zwift Inc., Long Beach,
United States) was used for the intervention. This platform
features a variety of virtual workout programs, along with tools
for tracking performance metrics and setting personal goals. The
training program was designed by a member of the research team,
initially focusing on developing technical skills to prevent injuries
and enabling training at intensities that produce a cardiovascular
effect. The training program consisted of three sessions per week.
The workouts included various forms of interval training, with
effort levels carefully controlled through the Ergometer (ERG)
mode in Zwift. This mode automatically adjusts cycling resistance
to maintain a prescribed power output, regardless of cadence.
Power output is calculated as the product of torque (pedal force)
and cadence (pedal speed). In ERG mode, if cadence decreases,
resistance increases accordingly, and vice versa, ensuring the
target power output is consistently maintained throughout the
workout. The prescribed power output was based on each
participant’s FTP test, ensuring that all participants reached the
intended intensity levels. The length of the scheduled training
gradually increased during the intervention period from 78 min
in the first week to 245 min in the last week. For more detailed
information, please see Appendix 2, which includes the complete
training program. The group sessions were carried out online in
Zwift and combined with simultaneous Microsoft Teams
(Microsoft Corporation, Redmond, US) sessions providing
supervised training and allowing participants to see and hear each
other. In Zwift, the sessions were arranged as “Keep everyone
together” and with “Meetup-only View,” settings that ensure no
one is left behind while enhancing the team cycling experience.
The Microsoft Teams sessions were led by an experienced coach,
who provided verbal guidance on topics such as bike positioning,
cadence, sensation of pulse and fatigue, and respiration during the
sessions. Furthermore, the coach suggested specific Zwift workout
programs that could complement the group sessions. Participants
were encouraged to attend the online group sessions, but they
were allowed to complete the planned workout program in Zwift
independently at an alternative time. Aside from the intervention,
the participants were instructed to continue their regular activities
their throughout the
intervention period.

and maintain usual lifestyle

Statistics

The sample size for this study was 23 participants, which

we estimated to be adequate to test the feasibility and effect of the
home-based cycling intervention based on prior similar studies
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(18). The feasibility outcome measure was evaluated by retention,
adherence, and safety. To compare physical and self-reported
outcome measures before and after the intervention, data were
assessed for normality using the Lilliefors test. A complete case
analysis was conducted, meaning that only participants with pre-
and post-data were included. Parametric comparisons were
conducted using paired t-tests and corresponding 95% confidence
intervals. When the t-test was used, the effect size was given as
Cohen’s d and interpreted as small (0.2), medium (0.5), or large
(0.8). For non-parametric data, Wilcoxon signed-rank tests were
used and 95% confidence intervals for median differences
estimated using bootstrap resampling. The effect size was
calculated as rank-based r (r = Z/YN) and interpreted as small
(0.1), medium (0.3) or large (0.5). Statistical significance was set
at p <0.05. Statistical adjustments for multiple testing were
conducted using Bonferroni-adjusted p-values for primary
outcome measures. Secondary outcome measures were not
included in the their
exploratory nature.

Bonferroni correction due to

Results

Twenty-two (96%) individuals completed the intervention.
One individual had to drop out shortly after the intervention
began due to mononucleosis. A flow diagram is presented in
Figure 1. Demographic characteristics are shown in Table 1.
Adherence was high. During the 12-week intervention period
participants completed a mean of 37 sessions with a range of
24-57 sessions corresponding to a mean of 3 (range 2-5) sessions
per week or 153 (range 76-414) minutes/week. No adverse events
occurred that required medical attention or hindered ongoing
participation. However, one participant reported experiencing leg
cramps following the most high-intense workout sessions, while
another complained about pressure on his prostate. In both cases,
no treatment was required, and the participants were able to
continue with the intervention.

Three participants conducted a ramp test lite (50 W) while 19
performed a regular ramp test with 100 W. Two participants
needed arm support when transitioning from sitting to standing,
while two required brief support when making the turn in the
TUG test. The individual test adaptations at baseline were
repeated after the intervention to ensure pairwise comparability.
The mean cycling performance increased with 67.2 + 37.3 W from
baseline to after the intervention (p < 0.001), the time for the TUG
test decreased by 2.1 + 1.4 s (p < 0.001), and the repetitions in the
STS test increased with 3.9 + 3.3 (p < 0.001) (Table 2). No changes
were observed in self-reported questionnaires on fatigue, pain,
well-being, sleep issues, or self-efficacy. However, only 60%
(n = 13) of the participants completed the online questionnaires.

Not everyone prioritized the group-based sessions and
completed the training programs independently. Thus, the
individual participation in the group-based training sessions
ranged from 1-33 sessions (out of 36 sessions) during the
intervention with a mean of 19 sessions among all participants.
No correlation was found between the completed training volume
and participation rate in the group-based sessions (R? = 0.26).

The evaluation questionnaires highlighted several positive
aspects of the study, including a supportive peer community,
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Assessed and enrolled in the intervention (n=23)
. Completed physical outcome measures at baseline (n=23)
. Completed self-reported questionnaires at baseline (n=19)
p» Withdrew due to mononucleosis (n=1)
v
Completed the study (n=22)
. Completed physical outcome measures post-intervention (n=22)
. Completed self-reported questionnaires post-intervention
(n=13)
Analysis
. Included in the analysis of physical outcome measures (n=22)
. Included in the analysis of self-reported questionnaires (n=13)
(complete case analysis: only participants with both baseline and
post-intervention data included)
FIGURE 1
Flow diagram.

TABLE 1 Characteristics of participants (n = 22).

Characteristic ‘ Value
Mean age (range years) 26 (13-58)
Gender (n males/n females) 16/6
Motor ability (GMFCS)

I(n) 12

II (n) 8

III (n) 1

1V (n) 1
Type*

Hemiplegia (1) 8

Diplegia (1) 8

Triplegia/Quadriplegia (1) 6

*Hemiplegia affects movement and muscle tone on one side of the body (one arm and one
leg), diplegia affects two limbs (most commonly the legs), while triplegia and quadriplegia
affect three and four limbs, respectively.

improved physical function and capacity applicable to other
activities, increased self-esteem, and an overall better mood. Most
participants cited the self-monitoring aspect as a positive feature,
while one participant had the opposite experience, feeling that the
embedded features of quantitative measurements such as distance
and pace negatively impacted motivation. Additional negative
aspects mentioned in the questionnaire included technical
difficulties with the setup, pain-related issues, and the scheduled
training time for the group sessions.

Frontiers in Neurology

Discussion

This study investigated the feasibility, safety, and effect of a
coach-led virtual home-based cycling intervention among
individuals with CP. Results suggest that the home-based training
program is feasible, and safe, and may enhance cycling
performance and functional activity outcomes.

Feasibility and compliance

Overall, the intervention was feasible. Retention and
adherence were high, and no adverse events occurred. The success
criterion of attending an average of 2 out of 3 weekly sessions was
achieved by all participants (range 2-5 sessions/week),
corresponding to a group adherence rate of 100% (on average 3
sessions per week). This is in accordance with previous studies,
which reported adherence rates ranging from 75 to 96% (18).
We observed considerable variability in the training volume
among participants, ranging from 76 to 414 min per week, partly
due to the embedded opportunity to complement the group
with additional

Furthermore, a vast difference in physiological baseline levels and

training sessions suggested workouts.
function may explain part of this variation. For all except one
participant, home-based cycling was a new discipline, some
participants were already physically active regularly while others

were not. During the intervention, one participant traveled for 3
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TABLE 2 Explorative statistics of secondary outcome measures.

10.3389/fneur.2025.1604061

Parameter Baseline Post Diff. p-value Bonf. p 95% ClI Effect size
FTP (Watt) n =22 116.6 £ 41 183.8 £ 63.7 67.2+37.7 <0.001* <0.001* (50.7; 83.7) d=138
TUG (seconds) n =22 9.1+49 70+4 —21+14 <0.001* <0.001* (=2.7;-1.3) r=09
STS (repetitions) n=22 | 13.8+5.3 17.7£5.2 39+33 <0.001* 0.002* (2.056.5) r=0.8
Fatigue (FSS) n = 13 3574125 33.6+14.8 —21+57 0.21 - (=5.5; 1.4) d=04
Pain (VAS) n =13 2+1.7 23+14 02+1.4 0.58 - (=0.6;1) d=0.2
Well-Being (WHO5) 6124149 62.8+16.7 1.5+84 0.52 - (=3.5;6.6) d=02
n=13

Sleep (Jenkins scale) 69+53 62+4.7 —0.8+2.4 0.27 (=2.2;0.7) d=03
n=13

Self-efficacy (Gses) 29.8+5.6 29.5+4.9 —-0.2+2.6 0.75 (-1.8;1.3) d=0.1
n=13

Note that values at Baseline and Post and Diff. are expressed as means + SD values; n = 22 for physical tests (FTP, TUG and STS); n = 13 for self-reported questionnaires (Fatigue, Pain, Well-
being, Sleep and Self-efficacy). Effect size is given as Cohen’s d for t-test and Rank-based r (r = Z/ \/ N) for Wilcoxon signed-rank tests. The 95% confidence interval is based on the mean
difference for the t-test and on the median difference for the Wilcoxon signed-rank test. Diff, difference; Bonf. p, Bonferroni-adjusted p-value; CI, confidence interval; *, statistically significant

(p <0.05).

weeks, and another was sick for 3 weeks. Such challenges are
difficult to avoid in a real-life setting and contribute to the
variance in adherence.

The training involved a large volume of moderate- to high-
intensity intervals, placing considerable strain on the cardiovascular
system. Yet, no adverse events occurred that required medical
attention or hindered ongoing participation, confirming that the
home-based cycling was safely administered. One participant
reported experiencing leg cramps following the most high-intensity
workout sessions, while another complained about pressure on his
prostate. Although leg cramps are uncomfortable, they are a common
condition experienced by recreational and competitive athletes. Most
leg cramps, particularly those that occur during exercise or at night,
are harmless and typically resolve on their own within a few minutes
(19). In addition, prostate discomfort or pain is fairly common
among male cyclists, especially those who ride frequently or for long
distances (20). Ergonomic bike seats or adjusting riding posture may
help. In both cases, no treatment was necessary, and the participants
were able to continue with the intervention, although it did affect
their motivation for training.

Most participants (73%) prioritized training together with the
group at least twice a week, highlighting the value of regular group-
based sessions supervised by a coach. However, no correlation was
found between training volume and compliance in the group-based
sessions implying that group-based training may not be equally
important for all individuals. This aligns with a study where 27%
of 170 individuals with CP, ranging in age from 4 to 66, showed a
preference for solo workout settings (21). The current intervention
allowed for individual choices in how to carry out the planned
training, thereby accommodating personal preferences for social
and supervised training. Addressing personal preferences related
to the self-monitoring aspects embedded in the virtual cycling
environment is somewhat more challenging. From the evaluation
questionnaire, it was obvious that for most participants, the
quantitative measures served as a motivating factor, but for one
individual, this self-monitoring aspect had the opposite effect.
Once again, it emphasizes the importance of aligning exercise
treatment with personal preferences to ensure adherence (21).
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Physical measurements

The participants’ cycling performance improved significantly
from baseline to post-intervention, as measured by the FTP tests,
suggesting that home-based biking can enhance aerobic capacity.
This is an important finding as the primary impairments
associated with CP include reduced cardiorespiratory fitness and
reduced muscle strength. Moreover, exercise approaches that
enable individuals with CP to train at moderate to high intensities
present a significant challenge (5). Ryan et al. (22) showed that the
time participating in moderate physical activity is associated with
a reduction in risk factors for cardiometabolic diseases, such as
elevated blood pressure and abdominal obesity in adults with
CP. The home setup with a stationary bicycle enabled participants
to engage in moderate- to high-intensity training by adjusting the
resistance to their individual capacity during each workout,
ensuring optimized progress while maintaining a comparable level
of challenge for all participants.

The challenge was further ensured by a progression in the
training program during the intervention. Another home-based
study with progressive training among 16 adults with CP (GMFCS
I-1IT) demonstrated an increase in the maximal gait speed after
6 weeks of uphill treadmill training (23). This indicates that adults
with CP can effectively conduct progressive aerobic exercise at
home, eliminating transportation as a barrier to participating in
exercise activities.

Much of the literature published on exercise interventions for
adults with CP has focused on the effects of resistance training
and strengthening, with limited research exploring the connection
between these interventions and aspects of functional activities
(18, 24). In this study, we observed improvements in the TUG and
STS tests after the intervention, suggesting that increases in
cycling performance and aerobic capacity may lead to enhanced
functional activity levels. Studies involving strength interventions
have demonstrated improvements in the TUG test (25) and the
STS test (26) after 10 weeks, however, another study found no
improvement in functional mobility after 8 weeks as measured
with the TUG test (27). Two studies examining the effects of
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dance interventions also reported significant improvements in
TUG and other balance-related outcomes after 8-12 weeks (28,
29). Nonetheless, given the limited number of studies, small
sample sizes ranging from 5 to 10 participants, and high
heterogeneity, the effect of different exercise approaches on
improving functional activity levels in adults with CP requires
further investigation.

Participant-reported outcomes

While most research has been carried out on the effectiveness
of exercise interventions in adults with CP, high-quality evidence
is lacking on outcomes that are important to individuals (i.e.,
quality of life, pain, mood, participation, fatigue, and self-efficacy)
(30). In the present study, we found no changes in the subjective
perception of fatigue, pain, well-being, sleep, or self-efficacy as
measured with validated questionnaires. Unfortunately, only 60%
(n=13) of the current sample completed the questionnaires,
limiting the interpretability of the results. Previous studies have
observed increased self-efficacy, self-esteem, and mood after
group exercise programs (28, 31). Similarly, a qualitative study
reports that most of the participants felt that taking part in
physical activity interventions had a positive impact on mental
well-being and confidence (32). Yet another study involving a
small group program of balance training did not observe changes
in quality of life or fatigue (33). A lifestyle intervention
(comprising physical activity and counseling) found an
intervention effect on fatigue measures by CIS-f (Checklist
Individual Strength) and on health-related quality of life with
respect to bodily pain and mental health. However, no effect was
found on fatigue, as measured by FSS, or self-efficacy (34). These
conflicting results highlight the need for further research on the
impact of exercise on outcomes considered important by adults
with CP (18, 35). We did not find any studies that have investigated
the impact of exercise on sleep among adults with CP. However, a
recent review has concluded that engaging in moderate- to high-
intensity exercise has a significant effect on the subjective sleep
quality of individuals with Parkinson’s disease (36). While no
conclusions can be drawn from participants’ subjective perception
of sleep, fatigue, pain, well-being, or self-efficacy in this study, the
feedback from the evaluation questionnaires offers optimism for
advancing the present intervention to the next stage with more
participants and a longer time frame. The long-term aspect is
important, as most studies only report outcomes over a short
period, and improvements in quality of life and increased
participation may require a long time to establish (37).

Training together while being apart—
opportunities and challenges

Recent reviews of exercise interventions for adults with CP
emphasize the importance of considering individual needs and
preferences, along with the accessibility and sustainability of exercise
opportunities (18, 24, 35). With a home-based setup, even high-
intensity exercise becomes easily accessible, and the virtual cycling
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environment can largely be adapted to accommodate individual
mobility and abilities. Furthermore, the virtual cycling environment
is interactive and has incorporated elements of gamification that may
help maintain motivation over time (38). Although much is given
from the virtual environment, some motivational factors may
be difficult to replace such as exercising together with peers and being
supervised by a coach. The online group sessions via Teams may
address these challenges by being led by a coach and introducing a
mutual obligation among participants, which can promote a sense of
belonging (10, 38). Thus, the group session and the virtual
environment may facilitate participation and motivation, but the
setup may also introduce technical difficulties such as automatic
updates and Wi-Fi issues. In the present study, the program Teams
was used to support group sessions, introducing another technical
system to handle, besides the virtual biking environment Zwift. Thus,
while the technical setup can be motivating, it may also pose
challenges. However, this field is evolving rapidly, and solutions are
constantly improving and being developed to reduce technical issues
and meet the needs of the individual.

Implications

Virtual cycling at home is a safe and feasible approach to
increasing moderate- to high-intensity exercise among individuals
with activity limitations. The results suggest that a 12-week
intervention can enhance physical capacity and improve
functional activity outcomes. The coach-led and group-based
sessions may support social engagement, facilitate motivation, and
ensure proper progression and variety in training. A future study
with a longer timeframe and a larger sample size and a control
group is needed to confirm these findings and clarify the
significance of the various elements involved.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The study involving humans was approved by the Scientific Ethics
Committees for the Capital Region of Denmark (H-22032100). The
study was conducted in accordance with the local legislation and
institutional requirements. Written informed consent for participation
in this study was provided by participants aged 18 or older, or by their
legal guardians/next of kin if under 18.

Author contributions

LL: Methodology, Formal analysis, Writing - original draft,
Writing - review & editing. HK: Conceptualization, Data curation,
Writing - review & editing. JL: Methodology, Formal analysis,
Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fneur.2025.1604061
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Larsen et al.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. The study was financially
supported by the Elsass Foundation, which contributed to the
purchase of indoor bicycles and covered the article publishing
charges (APC). The foundation had no role in the research, design,
or any other aspect of the study.

Acknowledgments

We wish to thank therapists Michael Hegnet Andersen, Jonas
Skafte Jensen, and Joachim Lindhardt for carrying out the planning
and execution of the virtual cycling training.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Whitney DG, Hurvitz EA, Ryan JM, Devlin M]J, Caird MS, French ZP, et al.
Noncommunicable disease and multimorbidity in young adults with cerebral palsy. Clin
Epidemiol. (2018) 10:511-9. doi: 10.2147/CLEP.S159405

2. McPhee PG, Verschuren O, Peterson MD, Tang A, Gorter JW. The formula for
health and well-being in individuals with cerebral palsy: cross-sectional data on physical
activity, sleep, and nutrition. Ann Rehabil Med. (2020) 44:301-10. doi: 10.5535/arm.19156

3. Ryan JM, Albairami F, Hamilton T, Cope N, Amirmudin NA, Manikandan M, et al.
Prevalence and incidence of chronic conditions among adults with cerebral palsy: a
systematic review and meta-analysis. Dev Med Child Neurol. (2023) 65:1174-89. doi:
10.1111/dmcn. 15526

4. van Gorp M, Hilberink SR, Noten S, Benner JL, Stam HJ, van der Slot WMA, et al.
Epidemiology of cerebral palsy in adulthood: a systematic review and Meta-analysis of
the Most frequently studied outcomes. Arch Phys Med Rehabil. (2020) 101:1041-52. doi:
10.1016/j.apmr.2020.01.009

5. Ryan JM, Cassidy EE, Noorduyn SG, O'Connell NE. Exercise interventions for cerebral
palsy. Cochrane Database Syst Rev. (2017) 2017:1160. doi: 10.1002/14651858.CD011660.pub2

6. McMorris CA, Lake ], Dobranowski K, McGarry C, Lin E, Wilton D, et al.
Psychiatric disorders in adults with cerebral palsy. Res Dev Disabil. (2021) 111:3859. doi:
10.1016/j.ridd.2021.103859

7. Hao J, Huang B, Remis A, He Z. The application of virtual reality to home-based
rehabilitation for children and adolescents with cerebral palsy: a systematic review and meta-
analysis. Physiother Theory Pract. (2024) 40:1588-608. doi: 10.1080/09593985.2023.2184220

8. Tobaigi MA, Albadawi EA, Fadlalmola HA, Albadrani MS. Application of virtual
reality-assisted exergaming on the rehabilitation of children with cerebral palsy: a
systematic review and meta-analysis. J Clin Med. (2023) 12:91. doi: 10.3390/jcm12227091

9. Holmes C, Shields N, Morgan P, Brock K, McKenzie G, Reddihough D. Home-
based motorised cycling in non-ambulant adults with cerebral palsy: a feasibility study.
Disabil Rehabil. (2024) 47:234. doi: 10.1080/09638288.2024.2353234

10. Forman CR, Nielsen JB, Lorentzen J. Neuroplasticity at home: improving home-
based motor learning through technological solutions. A review. Front Rehabil Sci.
(2021) 2:165. doi: 10.3389/fresc.2021.789165

11. Podsiadlo D, Richardson S. The timed “up & go™: a test of basic functional
mobility for frail elderly persons. ] Am Geriatr Soc. (1991) 39:142-8. doi:
10.1111/§.1532-5415.1991.tb01616.x

12. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body
strength in community-residing older adults. Res Q Exerc Sport. (1999) 70:113-9. doi:
10.1080/02701367.1999.10608028

13. Lorentzen K, Danielsen MA, Kay SD, Voss A. Validation of the fatigue severity
scale in Danish patients with systemic lupus erythematosus. Dan Med J. (2014) 61:2-5.

14. Huskisson EC. Measurement of pain. Lancet. (1974) 304:1127-31. doi:
10.1016/S0140-6736(74)90884-8

Frontiers in Neurology

10.3389/fneur.2025.1604061

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1604061/
full#supplementary-material

15. Topp CW, @stergaard SD, Sendergaard S, Bech P. The WHO-5 well-being index:
a systematic review of the literature. Psychother Psychosom. (2015) 84:167-76. doi:
10.1159/000376585

16. Jenkins CD, Stanton B-A, Niemcryk SJ, Rose RM. A scale for the estimation of
sleep problems in clinical research. J Clin Epidemiol. (1988) 41:313-21. doi:
10.1016/0895-4356(88)90138-2

17. Schwarzer R, Jerusalem M, Johnston M. Generalized self-efficacy scale In: J
Weinman, S Wright and M Johnston, editors. Measures in Health Psychology: A user’s
portfolio. Causal and Control Beliefs. Windsor, UK: NFER-NELSON (1995). 35-7.

18. Andreopoulou G, Meharry JB, Jagadamma KC, van der Linden ML. Physical
activity and exercise interventions in adults with cerebral palsy: a systematic review of
quantitative and qualitative studies. Disabil Rehabil. (2024) 47:1. doi:
10.1080/09638288.2024.2391568

19. Miller KC, Stone MS, Huxel KC, Edwards JE. Exercise-associated muscle
cramps: causes, treatment, and prevention. Sports Health. (2010) 2:279-83. doi:
10.1177/1941738109357299

20. Vicari DSS, Patti A, Giustino V, Figlioli E Alamia G, Palma A, et al. Saddle
pressures factors in road and off-road cyclists of both genders: a narrative review. ] Funct
Morphol Kinesiol. (2023) 8:71. doi: 10.3390/jfmk8020071

21. Molina-Cantero AJ, Pousada Garcia T, Pacheco-da-Costa S, Lebrato-Vézquez C,
Mendoza-Sagrera A, Meriggi P, et al. Physical activity in cerebral palsy: a current state
study. Healthcare. (2024) 12:535. doi: 10.3390/healthcare12050535

22. Ryan JM, Crowley VE, Hensey O, Broderick JM, McGahey A, Gormley J. Habitual
physical activity and cardiometabolic risk factors in adults with cerebral palsy. Res Dev
Disabil. (2014) 35:1995-2002. doi: 10.1016/j.ridd.2014.03.051

23. Lorentzen J, Kirk H, Fernandez-Lago H, Frisk R, Scharff Nielsen N, Jorsal M, et al.
Treadmill training with an incline reduces ankle joint stiffness and improves active range
of movement during gait in adults with cerebral palsy. Disabil Rehabil. (2017) 39:987-93.
doi: 10.1080/09638288.2016.1174745

24. Lawrence H, Hills S, Kline N, Weems K, Doty A. Effectiveness of exercise on
functional mobility in adults with cerebral palsy: a systematic review. Physiother Can.
(2016) 68:398-407. doi: 10.3138/ptc.2015-38LHC

25. Andersson C, Grooten W, Hellsten M, Kaping K, Mattsson E. Adults with cerebral
palsy: walking ability after progressive strength training. Dev Med Child Neurol. (2003)
45:220-8. doi: 10.1111/§.1469-8749.2003.tb00335.x

26. Taylor NE Dodd KJ, Larkin H. Adults with cerebral palsy benefit from
participating in a strength training programme at a community gymnasium. Disabil
Rehabil. (2004) 26:1128-34. doi: 10.1080/09638280410001712387

27. Ahlborg L, Andersson C, Julin P. Whole-body vibration training compared with
resistance training: effect on spasticity, muscle strength and motor performance in adults
with cerebral palsy. ] Rehabil Med. (2006) 38:302-8. doi: 10.1080/16501970600680262

frontiersin.org


https://doi.org/10.3389/fneur.2025.1604061
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2025.1604061/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2025.1604061/full#supplementary-material
https://doi.org/10.2147/CLEP.S159405
https://doi.org/10.5535/arm.19156
https://doi.org/10.1111/dmcn.15526
https://doi.org/10.1016/j.apmr.2020.01.009
https://doi.org/10.1002/14651858.CD011660.pub2
https://doi.org/10.1016/j.ridd.2021.103859
https://doi.org/10.1080/09593985.2023.2184220
https://doi.org/10.3390/jcm12227091
https://doi.org/10.1080/09638288.2024.2353234
https://doi.org/10.3389/fresc.2021.789165
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.1016/S0140-6736(74)90884-8
https://doi.org/10.1159/000376585
https://doi.org/10.1016/0895-4356(88)90138-2
https://doi.org/10.1080/09638288.2024.2391568
https://doi.org/10.1177/1941738109357299
https://doi.org/10.3390/jfmk8020071
https://doi.org/10.3390/healthcare12050535
https://doi.org/10.1016/j.ridd.2014.03.051
https://doi.org/10.1080/09638288.2016.1174745
https://doi.org/10.3138/ptc.2015-38LHC
https://doi.org/10.1111/j.1469-8749.2003.tb00335.x
https://doi.org/10.1080/09638280410001712387
https://doi.org/10.1080/16501970600680262

Larsen et al.

28. Efraimidou V, Tsimaras V, Proios M, Christoulas K, Giagazoglou P, Sidiropoulou
M, et al. The effect of a music and movement program on gait, balance and psychological
parameters of adults with cerebral palsy. ] Phys Educ Sport. (2016) 16:1357-64. doi:
10.7752/jpes.2016.04217

29. Joung HJ, Yang HK, Lee Y. Effect of dance on balance, mobility, and activities of
daily living in adults with cerebral palsy: a pilot study. Front Neurol. (2021) 12:3060. doi:
10.3389/fneur.2021.663060

30. Lindsay S. Child and youth experiences and perspectives of cerebral palsy: a
qualitative systematic review. Child Care Health Dev. (2016) 42:153-75. doi:
10.1111/cch.12309

31. Kim B-J, Kim S-M, Kwon H-Y. The effect of group exercise program on the self-
efficacy and activities of daily living in adults with cerebral palsy. ] Phys Ther Sci. (2017)
29:2184-9. doi: 10.1589/jpts.29.2184

32. McKenzie G, Shields N, Willis C. ‘Finding what works for me’-a qualitative study
of factors influencing community gym participation for young adults with cerebral palsy.
Disabil Rehabil. (2023) 45:1984-91. doi: 10.1080/09638288.2022.2083243

33. Morgan P, Murphy A, Opheim A, Pogrebnoy D, Kravtsov S, McGinley J. The safety
and feasibility of an intervention to improve balance dysfunction in ambulant adults
with cerebral palsy: a pilot randomized controlled trial. Clin Rehabil. (2015) 29:907-19.
doi: 10.1177/0269215514556299

Frontiers in Neurology

08

10.3389/fneur.2025.1604061

34. Slaman J, Van Den Berg-Emons HJG, Van Meeteren J, Twisk J, Van Markus F, Stam
HJ, et al. A lifestyle intervention improves fatigue, mental health and social support
among adolescents and young adults with cerebral palsy: focus on mediating effects. Clin
Rehabil. (2015) 29:717-27. doi: 10.1177/0269215514555136

35.Czencz J, Shields N, Wallen M, Wilson PH, McGuckian TB, Imms C. Does
exercise affect quality of life and participation of adolescents and adults with
cerebral palsy: a systematic review. Disabil Rehabil. (2023) 45:4190-206. doi:
10.1080/09638288.2022.2148297

36. Cristini J, Weiss M, De Las Heras B, Medina-Rincén A, Dagher A, Postuma RB,
et al. The effects of exercise on sleep quality in persons with Parkinson’s disease: a
systematic review with meta-analysis. Sleep Med Rev. (2021) 55:1384. doi:
10.1016/j.smrv.2020.101384

37. Kilgour G, Adair B, Stott NS, Steele M, Hogan A, Imms C. Do physical activity
interventions influence subsequent attendance and involvement in physical activities for
children with cerebral palsy: a systematic review. Disabil Rehabil. (2022) 44:1682-98.
doi: 10.1080/09638288.2021.1909151

38. Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A
refined taxonomy of behaviour change techniques to help people change their physical
activity and healthy eating behaviours: the CALO-RE taxonomy. Psychol Health. (2011)
26:1479-98. doi: 10.1080/08870446.2010.540664

frontiersin.org


https://doi.org/10.3389/fneur.2025.1604061
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.7752/jpes.2016.04217
https://doi.org/10.3389/fneur.2021.663060
https://doi.org/10.1111/cch.12309
https://doi.org/10.1589/jpts.29.2184
https://doi.org/10.1080/09638288.2022.2083243
https://doi.org/10.1177/0269215514556299
https://doi.org/10.1177/0269215514555136
https://doi.org/10.1080/09638288.2022.2148297
https://doi.org/10.1016/j.smrv.2020.101384
https://doi.org/10.1080/09638288.2021.1909151
https://doi.org/10.1080/08870446.2010.540664

	The feasibility and efficacy of coach-led virtual home-based cycling among individuals with cerebral palsy
	Introduction
	Materials and methods
	Participants
	Procedures and outcome measures
	Intervention
	Statistics

	Results
	Discussion
	Feasibility and compliance
	Physical measurements
	Participant-reported outcomes
	Training together while being apart—opportunities and challenges
	Implications


	References

