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Inpatient Exergames for Children with Cerebral Palsy following Lower Extremity 
Orthopedic Surgery: A Feasibility Study
Analyssa Cardenas a,b, Daniel Warnera,b,c, Lauren Switzera, T.C. Nicholas Grahamd, Gabriele Cimolinod, 
and Darcy Fehlingsa,b,d,c

aBloorview Research Institute, Holland Bloorview Kids Rehabilitation Hospital, Toronto, ON, Canada; bRehabilitation Sciences Institute, University of 
Toronto, Toronto, ON, Canada; cDepartment of Paediatrics, Faculty of Medicine, University of Toronto, Toronto, ON, Canada; dSchool of Computing, 
Queen’s University, Kingston, ON, Canada

ABSTRACT
Objective: Evaluate the feasibility of implementing cycling-based exergames for children with cerebral 
palsy (CP) following lower extremity orthopedic surgery and explore its impact on pain and well-being.
Methods: Ten children with CP were recruited; the first five received physiotherapy (comparison) and next 
five received fifteen exergame sessions over 3 weeks and physiotherapy (case) (NCT0376907). Feasibility 
indicators evaluated recruitment, questionnaire and exergame completion. Faces Pain Scale-Revised (FPS- 
R), PROMIS Pediatric Pain Interference Scale (PPIS), and KIDSCREEN-27 were administered. Wilcoxon 
signed-rank and effect size (r) tests evaluated within-group differences and between-group differences 
were assessed using Mann–Whitney U tests.
Results: All feasibility indicators were met. Large effects for improved case group pain were identified 
(FPS-R r = 0.60, PPIS r = 0.58), as well as significant improvement in KIDSCREEN-27 total (U = 0.50, p = .05) 
and psychological well-being (U = 3.00, p = .01) scores, favoring the case group.
Conclusions: Incorporating pediatric exergames is feasible and demonstrates potential for improving 
pain and well-being.
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Introduction

Cerebral palsy (CP), a group of non-progressive move-
ment and posture disorders that occur due to disturbances 
of infant or fetal brain development, is the most common 
physical disability in children with birth prevalence rates 
of 2 per 1000 live births.1,2 When children with CP grow, 
they often require lower extremity orthopedic surgery due 
to joint contractures, bony deformities, or joint instability 
that negatively impacts their physical function.3 While 
postoperative rehabilitation, consisting of intense and fre-
quent physiotherapy, is widely regarded as critical for 
regaining motor function, postoperative pain and muscle 
spasms are common.4–6

Our team of clinicians and computer scientists devel-
oped the Liberi Exergames, designed specifically for chil-
dren with CP who are ambulatory and functioning at 
Gross Motor Functional Classification Scale (GMFCS) I– 
III.7,8 This interactive multiplayer exergame consists of 
seven different minigames and is powered by pedaling on 
a stationary bicycle and using game-controllers, allowing 
children to engage in exercise while playing together. 
Stationary cycling has demonstrated improvements in psy-
chosocial health, emotional well-being, and gross motor 
function for nonoperative ambulatory children with CP as 
well as improvements in physical function, pain, and 
activities of daily living for adults following total hip 

replacement.9,10 Previous research has shown that cycling 
on exergames at a moderately elevated heart rate (HR) for 
at least 60 minutes per week is doable and led to improve-
ments in cardiovascular fitness for youth with CP.7 

A target heart rate (tHR) for children with CP can be 
estimated at 116 beats per minute (bpm) or higher repre-
senting 60% of an HRmax of 194 bpm.11 Sixty minutes per 
week at tHR may promote health-related fitness for chil-
dren and adults with CP, in accordance with the American 
College of Sports Medicine recommendations.12 Post- 
operatively, individuals spend considerable time in bed 
or sitting (sedentary behavior) and can become de- 
conditioned. Opportunities for fun-based cardiovascular 
fitness may help promote recovery and well-being.

It is currently unknown whether it is feasible to imple-
ment Liberi Exergames into the postoperative rehabilita-
tion setting for children with CP, and what the impact will 
be on postoperative pain, well-being, and cardiovascular 
fitness. Evaluating the feasibility of utilizing the Liberi 
Exergames as a rehabilitation modality may lead to the 
development of new, fun, and innovative ways to relieve 
pain, improve well-being, and achieve tHR. Thus, this 
study’s objectives were 1) to assess the feasibility of imple-
menting exergames for children with CP of GMFCS I–III 
receiving inpatient rehabilitation for lower extremity 
orthopedic surgery, and 2) explore the impact of the 
exergames on pain, well-being, and achieving tHR.
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Materials and Methods

Participants

Participants were recruited from a pediatric rehabilitation hos-
pital’s inpatient unit. Inclusion criteria included: children with 
CP admitted for inpatient rehabilitation following lower extre-
mity orthopedic surgery, 7–18 years of age, functioning pre-
operatively at GMFCS I–III, ability to operate a game- 
controller and pedal on the Liberi Exergames, ability to self- 
report on the Faces Pain Scale-Revised (FPS-R), and weight 
bearing as tolerated.7,13,14 Exclusion criteria included health 
conditions (e.g. exercise-induced asthma, uncontrolled sei-
zures) that prevented cycling. This study is registered in the 
ClinicalTrials.gov database (NCT03769077) and ethics 
approval was granted by local ethics boards. Informed consent 
from participants was obtained.

Study Design

A case-comparison design was utilized with consecutive 
recruitment of ten participants into two groups: the first five 
received standard physiotherapy (“comparison group”) and 
the next five received five exergame sessions per week, 30 min-
utes per session, for 3 weeks in addition to standard phy-
siotherapy (“case group”).

Physiotherapy

All participants received standard physiotherapy consisting of 
weekday sessions working on range of motion, posture and 
balance exercises, transfers, and re-introduction of weight- 
bearing activities. Cycling on a MOTOmed® movement ther-
apy device, adaptive tricycle, or stationary bicycle was done for 

5 to 10 min per physiotherapy session, one to five times per 
week.

Exergame Sessions

The Liberi Exergames (Figure 1) are played using a standard 
game controller, a 24-inch all-in-one computer and specialized 
seat equipped with a seatbelt and lateral supports connected to 
a stationary bicycle. Heart rate monitors were worn by parti-
cipants and cadence sensors on the bicycle recorded pedaling 
speed. During the first session of every week, bicycle leg length 
and seat were adjusted according to each participant’s height, 
leg length, and ability to comfortably flex and extend the knees 
for a full cycle rotation. During the first session of every week, 
gameplay difficulty level was set relative to each participant’s 
cycling ability by calibrating the participant’s average cadence 
during a racing minigame while playing against bots (AI- 
controlled opponents). The playing level for the bots was set 
at 70–80% of the participant’s average racing cadence, giving 
participants difficult but achievable challenges. Case group 
participants played with other participants, recreational ther-
apy staff or ‘bots.’ Exergame sessions were monitored by 
recreation therapy, nursing, and research staff.

Outcome Measures

The primary outcome evaluated feasibility based on process, 
resource, and management indicators.15 The process indicator 
evaluated recruitment rate and was defined a priori as being 
met if more than 40% of eligible potential participants enrolled. 
The resource indicator evaluated data collection and was 
defined as being met if 80% of participants completed the 
FPS-R at baseline and at the end of the study period.14 The 

Figure 1. The Liberi exergaming station with major components labeled. (Copyright permissions has been granted by Developmental Neurorehabilitation).
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management indicator evaluated adherence to exergame ses-
sions and was defined as being met if each case group partici-
pant completed at least 12/15 exergame sessions.

The two pain questionnaires used were the FPS-R, 
evaluating self-reported intensity of pain, and the Patient- 
Reported Outcome Measurement Information System 
Pediatric Pain Interference (PROMIS-PI), evaluating the 
extent to which pain interfered with activities of daily 
living.14,16 The FPS-R consists of six faces portraying 
expressions from “no pain” (scored 0) to “very much 
pain” (scored 10).14 Participants were asked to point to 
the face that indicated the intensity of pain he/she felt 
over the last seven days. Scores ranged from 0 to 10 and 
higher scores indicated greater pain. The FPS-R was admi-
nistered to both groups at baseline and at the end of each 
week for the 3-week study period.14 The PROMIS-PI con-
sists of a self-reported 8-item questionnaire and evaluated 
pain interference.16 Items were scored 1–5, summed to 
obtain total raw scores, then converted to T-scores. 
Higher scores indicated higher pain interference. The 
PROMIS-PI was administered to both groups at baseline 
and at the end of each week for the 3-week study period.16

The KIDSCREEN-27, a standardized health-related 
quality of life questionnaire, examined five dimensions of 
well-being including Physical Well-Being, Psychological 
Well-Being, Autonomy and Parents, Peers and Social 
Support, and School and Environment, with items scored 
1–5 and a total raw score calculated as the sum of all 
domain scores.17 Physical well-being and psychological 
well-being domain T-scores (only available for these 
domains) were also reported on a scale with a mean of 
50 and a standard deviation of 10. Higher values indicated 
higher well-being for raw and T-scores. The KIDSCREEN- 
27 was administered to both groups at baseline and at the 
end of the 3-week study period.17

Gameplay data including HR and time spent at tHR were 
recorded. Sixty minutes per week at an HR of at least 116 beats 
per minute (bpm) was set as the tHR.11,12

Case group participants completed semi-structured 
feedback interviews following the last exergame session. 
Interviews explored case group experiences through open- 
ended questions and additional prompts if needed. 
Example questions included asking participants what 
their experience was playing the exergames, how the exer-
games made their legs feel, and if the exergames influ-
enced physiotherapy. Interviews were audio-recorded and 
transcribed.

Statistical Analyses

Descriptive statistics characterized outcomes and demo-
graphic parameters. Feasibility indicators were evaluated 
based on a priori criteria and were considered “successful” 
or “unsuccessful.” For consistency in the KIDSCREEN-27 
and PROMIS-PI, if answers were reported not applicable, 
the lowest score, “1” for was inputted to allow for compu-
tation of total scores.16,17 For FPS-R, PROMIS-PI, and 
KIDSCREEN-27 total, psychological, and physical well- 
being scores, Wilcoxon signed-rank and effect size r tests 

were employed to evaluate changes from baseline to the 
end of week three within the case and comparison 
groups.18 Mann–Whitney U and effect size r tests were 
employed to compare the baseline to end of week three 
changes between the case and comparison groups.18 

Statistical significance was indicated with p ≤ 0.05 and 
r values of 0.5, 0.3, and 0.1 indicated large, medium, and 
small effect sizes, respectively.19 Interview responses were 
assessed descriptively and summarized.

Results

Participant Demographics

Ten children were recruited. Participant characteristics are 
outlined in Table 1. Orthopedic surgeries included 1) femur 
and tibia derotational osteotomies; 2) hamstring (semitendi-
nosus, semimembranosus, gracilis), and gastrocnemius muscle 
lengthening procedures; and 3) patella tendon shortenings and 
tibialis anterior tendon transfer procedures.

Feasibility Indicators

Process Indicator
Ten potential participants were identified through the 
participants’ circle of care and the hospital’s centralized 
research database.15 Of the ten approached, ten (100%) 
agreed to participate. Two additional families were 
approached and had agreed to participate but were 
excluded due to early discharge and inability to participate 
in the full study period. As the success criterion for 
recruitment was set at enrolling more than 40% of poten-
tial participants, the process indicator was deemed 
“successful.”

Resource Indicator
All participants (100%) completed the FPS-R at baseline 
and at the end of the study.14 The resource indicator, 
assessing questionnaire completion, was deemed 
“successful”.14

Management Indicator
All case group participants completed at least 12 of their 
respective 15 total exergame sessions.15 Two participants 

Table 1. Demographic information.

Sample 
Characteristics Comparison Group (n = 5) Case Group (n = 5)

Age Mean 13.8 ± 2.9 years 
Range 11–18 years

Mean 14 ± 2.8 years 
Range 11–17 years

Sex, 3 males 
2 females

3 males 
2 females

GMFCS 2 GMFCS Level II 
3 GMFCS Level III

4 GMFCS Level II 
1 GMFCS Level III

Diagnosis 5 Bilateral spastic CP 4 Bilateral spastic CP1 
Unilateral spastic CP

Orthopedic 
Surgeries

Mean 7.6 ± 3.4 procedures 
Range 2–10 procedure 
Time from surgery 
74.6 ± 22.5 days

Mean 5.2 ± 3.3 procedures 
Range 2–10 procedures 
Time from surgery 
32.4 ± 10.9 days

Data are expressed as mean plus/minus standard deviation. GMFCS, Gross Motor 
Function Classification Scale; CP, cerebral palsy.
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missed two sessions each, one participant missed one ses-
sion, and two participants did not miss any sessions. The 
average number of completed sessions was 14.2 ± 0.8 ses-
sions. Reasons for missed sessions included a family event, 
personal commitments, and inability to cycle due to knee 
stiffness. As all participants completed at least 12/15 exer-
game sessions, the management indicator, assessing adher-
ence to exergame sessions, was deemed “successful.”

Adverse Events

One case group participant was unable to play the first two 
exergame sessions due to left knee discomfort and inability to 
complete a full cycle rotation on the bicycle. The participant 
spent the sessions progressively pedaling with increasing 
degrees of rotation. No other adverse events occurred.

Pain and Well-being

For the FPS-R, one comparison and two case group partici-
pants experienced no pain, one case group participant experi-
enced no change in pain, and two comparison and two case 
group participants experienced decreasing pain.14 Two com-
parison group and no case group participants experienced 
increasing pain. Median FPS-R and mean total PROMIS-PI 
scores are presented in Figures 2 and 3.14,16 KIDSCREEN-27 
scores are presented in Table 2.17 Results of the Wilcoxon 
signed rank, Mann–Whitney U and r effect sizes (as absolute 
values) are presented in Table 3.17

Time at Target HR

Total time spent at tHR for the case group participants per 
week is presented in Figure 4. Average time spent at tHR for all 

case group participants was 44.7 ± 30.5 minutes for week one, 
48.6 ± 40.3 minutes for week two, and 48.0 ± 39.0 minutes for 
week three.

Semi-Structured Interviews

Case group participants were unanimous that playing the 
exergames was enjoyable and fun. Of the five case group 
participants, three expressed that the exergames reduced 
pain, while two commented that there was no difference 
because no pain was experienced. Four case group participants 
expressed that the exergames helped with their activity and 
physiotherapy by helping them bend and move their knees 
more, made stretching less painful and easier, increased sta-
mina, helped with mobility, and allowed them to stretch their 
legs out faster. One commented that no difference in activity or 
physiotherapy was observed. On average, when asked to rate 
how fun the exergames were on a scale of zero (least fun they’ve 
ever had) to ten (most fun they’ve ever had), the mean score 
was 8 ± 1.5. All case group participants said that if they could 
go back in time, they would play the exergames again.

Discussion

To our knowledge, this is the first study to evaluate the feasi-
bility of incorporating cycling-based exergames for children 
with CP following lower extremity orthopedic surgery and to 
explore its impact on pain, well-being, and target HR. All 
criteria in the feasibility framework were successfully met. 
The process indicator, evaluating recruitment, was met with 
a 100% recruitment rate, demonstrating high motivation and 
enthusiasm by participants to participate in this research 
study.15 This supports the potential for developing larger stu-
dies, as failure to reach a sufficient sample size is a key barrier 

Figure 2. FPS-R scores for comparison and case group participants (n = 10). Error bars show median and interquartile range.
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in conducting randomized controlled trials (RCTs). Resource 
and management indicators, evaluating questionnaire and 
exergame completion, were also met.15 Both exergame sessions 
and questionnaires were completed after school and before 
dinnertime, a time that participants had no other commit-
ments. The completion of at least 12 exergame sessions for 
each case group participant indicates that children with CP are 
able to cycle on an exergame station for 30 minutes following 
lower extremity orthopedic surgery. This promising finding 
demonstrates that implementing exergames for pediatric 
orthopedic rehabilitation is both feasible and does not increase 
leg or joint pain.

Children in both the exergame and the comparison groups 
had a decrease in pain as measured by the FPS-R score over the 
3-week study period that met the minimally clinically impor-
tant difference of two points.20 When reviewing individual 
participant responses on the FPS-R, two comparison group 
participants experienced increasing pain over the study period. 

Figure 3. Mean PROMIS-PI (Patient-reported outcome measurement information system pediatric pain interference scale) T-scores for comparison and case group 
participants (n = 10). Error bars show mean plus/minus standard deviation.

Table 2. KIDSCREEN-27 scores.

Comparison Group Case Group

Baseline Week 3 Baseline Week 3

Total Score (raw) 104.80 ± 8.17 102.20 ± 5.54 105.40 ± 13.16 113.20 ± 15.01
Physical Well-Being (T-Score) 44.08 ± 10.44 42.45 ± 1.99 41.75 ± 15.12 52.61 ± 11.24
Psychological Well-Being (T-Score) 52.25 ± 11.20 58.24 ± 12.87 55.38 ± 15.48 73.30 ± 21.33

Data are expressed as mean plus/minus standard deviation.

Table 3. Pain and well-being results.

Case Group 
Wilcoxon 
Signed- 

Rank
Effect 
size

Comparison 
Group 

Wilcoxon 
Signed-Rank

Effect 
Size

FPS-R Z = −1.34a, 
p = .18

r = 0.60 Z = −0.38a, 
p = .71

r = 0.17

PROMIS-PI Z = −1.29a, 
p = .20

r = 0.58 Z = −2.02a, 
p = .43

r = 0.90

KIDSCREEN-27 Total (Raw) Z = −2.02b, 
p = .04*

r = 0.90 Z = −1.21a, 
p = .23

r = 0.54

KIDSCREEN-27 
Psychological (T-Score)

Z = −2.02b, 
p = .04*

r = 0.90 Z = −1.46b, 
p = .14

r = 0.65

KIDSCREEN-27 Physical 
(T-Score)

Z = −1.21b, 
p = .23

r = 0.54 Z = −0.14b, 
p = .89

r = 0.06

Mann-Whitney Effect size
FPS-R U = 10.50, p = .66 r = 0.14
PROMIS-PI U = 5.00, p = .12 r = 0.50
KIDSCREEN-27 Total (Raw) U = 0.50, p = .01* r = 0.80
KIDSCREEN-27 Psychological 

(T-Score)
U = 3.00, p = .05* r = 0.63

KIDSCREEN-27 Physical (T-Score) U = 7.00, p = .25 r = 0.36

*p < 0.05, indicating statistical significance. 
aBased on positive ranks, b Based on negative ranks.
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In contrast, no individual participants in the exergame 
group experienced increasing pain. It is reassuring that 
the cycling in the exergame group did not trigger pain 
in children with CP in the rehabilitation period following 
orthopedic surgery. Indeed, when within-group changes in 
the exergame group were assessed, a large effect size 
(r = 0.60) for reduction in pain as measured by the FPS- 
R was found, in contrast to a small effect size reported in 
the comparison group (r = 0.17). Children in both the 
exergame and comparison groups also had a decrease in 
pain interference, as measured by the PROMIS-PI, over 
the 3-week study period that exceeded the minimal clini-
cally important difference of three points. Both groups had 
large effects in reduction in pain interference from base-
line to week three, as measured by the PROMIS-PI. 
A larger sample size will be required in future studies to 
assess differences in rates of pain reduction and/or inter-
ference between the exergame and physiotherapy group 
versus physiotherapy alone.

Children in the exergame group had significant improve-
ment in overall and psychological well-being compared to 
children in the comparison group, and also reported a large 
effect size for physical well-being improvement over the 3 
weeks. Opportunities for cardiovascular physical activity may 
contribute to improved well-being, as previous research has 
established a positive relationship between physical fitness and 
well-being in children with CP following exercise 
programs.21–23 In addition, the exergames were perceived as 
enjoyable which may contribute to the improved well-being 
seen in the exergame group as compared to the comparison 
group.

The exergame case group’s average time spent at tHR 
approached but did not reach 60 minutes per week, ranging 
from 44 to 48 minutes. Three out of the five case group 

participants were able to reach target HR at least once out of 
the 3 weeks. To enhance the time spent in target HR, consid-
eration could be given for adding a sixth exergame session per 
week.

There are limitations to this study that should be high-
lighted. First, there is an imbalance in opposite directions 
between the comparison and case groups baseline scores for 
the FPS-R and PROMIS-PI. A potential reason for this may be 
that the two questionnaires explore different aspects of pain. 
The FPS-R examines self-reported pain intensity while the 
PROMIS-PI examines pain interference on activities of daily 
living. Additionally, a small sample size and lack of randomi-
zation may also impact the comparability of the groups at 
baseline, and limits power for statistical testing and general-
izability. Another limitation is that all participants received 
varying amounts of postoperative cycling through 
physiotherapy.

Conclusion

This study supports the feasibility of implementing cycling- 
based exergames for children with CP following lower extre-
mity orthopedic surgery. Cycling on the exergames demon-
strates the potential to improve pain and pain interference over 
the 3 weeks. Large positive changes in overall and psychologi-
cal well-being were also identified in favor of cycling on the 
exergames compared to children receiving standard phy-
siotherapy alone. While tHR was not achieved for all case 
group participants, moderate elevations in HR were achievable. 
The inclusion of additional exergame sessions in future studies 
may allow for further HR elevation.

Future studies should consider an appropriately powered 
RCT to optimize recruitment of participants while also balan-
cing the varying characteristics of age, GMFCS, baseline pain 

Figure 4. Total time at target heart rate for case group participants per study week (n = 5).
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scores, and time of enrollment into the study following surgery. 
Given the improvement in overall and psychological well- 
being for children who were exergaming, future studies could 
consider positioning subjective well-being as the primary out-
come of the RCT. This study provides the foundation for the 
development of larger clinical trials implementing cycling- 
based exergames for children with CP following lower extre-
mity orthopedic surgery.
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