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ABSTRACT
Introduction  Treadmill training and virtual reality have 
been investigated in children with cerebral palsy. However, 
few studies have assessed the effectiveness of the 
combination of both treatments on children’s functional 
and balance activities. The project aims to compare the 
effects of treadmill training with and without virtual reality 
on walking endurance and speed, static and dynamic 
balance, gross motor function, functional independence, 
quality of life and occupational participation in children 
with spastic cerebral palsy between the ages of 4 and 
12 years classified at levels I, II and III of the Gross Motor 
Function Classification System.
Methods and analysis  This study is a single-blind, two-
arm parallel group, randomised, controlled clinical trial. 
Participants will be recruited at the Pediatric Department 
of the Vic Hospital Consortium, and the research will be 
conducted at the University of Vic – Central University of 
Catalonia. The participants will be randomly allocated into 
two groups: (1) the experimental group, which will receive 
the treadmill training at the same time as the virtual 
reality; and (2) the control group, which will undertake 
treadmill gait training alone. The training will be provided 
in 10 sessions over 2 weeks with 30 min for each session. 
Assessments will be performed on three occasions: 1 week 
before the intervention, 1 week following the intervention 
and 1 month after the end of the intervention. The 
evaluations will involve the 6 min walk test, stabilometry, 
the Berg Balance Scale, the 10 m walk test, the Gross 
Motor Function Measure, the Functional Independence 
Measure, the paediatric quality of life inventory and the 
Children Participation Questionnaire. For between-within 
group comparison, a mixed-effect linear model will be 
used.
Ethics and dissemination  The study has been approved 
by the Clinical Research Ethics Committee of the Osona 
Foundation for Health Research and Education (2021061). 
Results will be published in peer-reviewed journals and 
presented at international conferences.
Trial registration number  NCT05131724.

BACKGROUND
Cerebral palsy (CP), which occurs as a conse-
quence of brain damage, has multiple defi-
cits, such as a global reduction of cortical 
motor activity during movement execution 
and inadequate processing of corticospinal 
and somatosensory circuits.1–5 Global regis-
ters estimate that it occurs in two to three 
per 1000 live births,6 and spasticity is the 
most common disorder, occurring in 80% of 
children with CP.6–10 Spasticity might affect 
both upper and lower limbs, resulting in 
other deficits in joint mobility, postural reac-
tions, selective motor control, balance and 
gait.9 10 This set of impairments and deficits 
may lead to limitations in functional ability 
and autonomy in the performance of daily 
living activities, physical fitness, quality of 
life and/or ability to participate in games 
and sports activities compared with neuro-
typical peers of the same age.9 11 12 Walking is 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This single-blinded, two-arm parallel group ran-
domised, controlled clinical trial will compare an 
intensive treadmill training and its combination with 
virtual reality for children with spastic cerebral palsy.

	⇒ Children between 4 and 12 years will be recruited, 
with a medical diagnosis of spastic cerebral palsy 
and motor function classified at level the I, II or III 
by the Gross Motor Function Classification System.

	⇒ Children at the treadmill training group will also 
receive intensive training, which may potentially 
influence the results regarding the effectiveness of 
the treadmill training and virtual reality combination.

	⇒ Due to the nature of the intervention, the therapist 
delivering the interventions and participants will not 
be blinded to allocation.
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considered one of the most important activities in daily 
life, as it is essential for activities of daily living and social 
participation.13 Children with Gross Motor Function 
Classification System (GMFCS) levels I, II and III show 
potential for walking.8 14 On average, 50% of children are 
ambulatory independently and 20% walk with aids.15–17 
However, abnormalities in neural control and muscle 
weakness contribute to several gait characteristics, such 
as slow velocity, decreased stride length, increased stance 
phase percentage, increased peak ankle dorsiflexion and 
knee flexion and peak hip extension moments.18 Conse-
quently, this gait pattern contributes to postural insta-
bility and increased fall risk in children with CP, among 
others.19 20

Treadmill training
In recent years, many intervention approaches have 
been studied to improve selective motor control, senso-
rimotor cortical activation and muscle coordination 
during walking in children with CP.21 Moreover, task-
specific training with multiple repetitions and the child’s 
active participation has been shown to promote best the 
improvement of motor skills.22–24

Treadmill gait training has been used to improve gait 
performance in children with CP.24–26 Although research 
in this field is still at an early stage, encouraging results 
have been demonstrated in children of different ages 
(between 4 and 18 years) and with levels I–IV of the 
GMFCS.24–30 The treadmill can be used with or without 
partial weight-bearing to provide task-specific training 
with multiple repetitions of gait cycle steps.31 32 This 
method is considered to activate the central generators 
of movement patterns in the lumbar region of the spinal 
cord31 33 which, according to some research, might be 
altered in children with CP.34 Therefore, the activation 
of these generators and automatic reciprocation mech-
anisms might be essential during treadmill gait stimula-
tion.30 35

Several studies state that this training is safe for these 
children.24 26 32 36 37 Moreover, moderate and low-quality 
evidence concludes that treadmill gait training without 
body weight support increases walking speed and gross 
motor function, compared with no walking training.24 
However, recent systematic reviews highlight the lack of 
randomised clinical trials in the CP population and high 
methodological quality.24 26 33 36–38

Virtual reality (VR)
The (re)habilitation approach based on motor learning 
theory is based on intensive intervention with high task 
repetitions.39 40 Motor learning also improves when the 
task is meaningful, specific and repetitive and when the 
task difficulty is increased over time.39 40 In this regard, 
in recent decades, technologies have been introduced 
to address the challenges of incorporating these motor 
learning principles into clinical applications.41 VR is an 
interactive experience that occurs in real time and is 
considered an effective tool for motivating children with 

CP.41–44 Depending on the intensity and quality of stimuli 
elicited by the virtual environments, VR can be differen-
tiated as: (a) non-immersive VR, when the person is not 
fully immersed in the virtual world but is displayed on 
computer monitors or television screens; and (B) immer-
sive VR, when the person has the sensation of being 
present in the virtual world, as he or she is fully immersed 
in it by a specialised hardware, such as virtual glasses.45

In non-immersive VR, the person can simultaneously 
experience the real world (the physical environment) and 
the virtual content through an avatar within the game that 
reproduces the participant’s movement using a sensor 
located on the television that captures the movements 
and displays them on the screen.45 This virtual feedback 
generates positive reinforcement, facilitating the prac-
tice and improvement of exercises.46 VR offers enriched 
environments that positively affect motor and cognitive 
performance.47 Specifically, VR systems allow us to add 
feedback, challenge and personalisation to the practice. 
It can provide immediate visual and auditory feedback 
related to task performance or results, providing children 
with opportunities to optimise motor learning, which can 
later lead to neuroplasticity changes.39 41 48–51 VR systems 
can provide an ecologically valid environment similar to 
the real world so children can perform task-specific prac-
tices, increasing the duration, intensity and frequency of 
those practices.41 48 Finally, task difficulty can be easily 
adjusted in VR systems to provide sufficient challenge for 
a child while playing.41 48 49 In conclusion, VR systems can 
introduce game features to increase children’s motiva-
tion, enjoyment and engagement during playing.49–51

VR therapy has been used in many fields, such as 
posture and balance rehabilitation and motor rehabili-
tation in children with CP.52 53 In 2012, practical guide-
lines for VR use in treating children aged 4–17 years with 
CP were published.52 Recently, some studies have shown 
improvement in postural control, balance, upper limb 
function, muscle strength, visuoperceptual ability, selec-
tive motor control and gait in children with CP.46 48 52 54 55 
However, few studies have investigated the application of 
VR in treadmill gait training for children with CP.42 43 56

The primary aim of the proposed project is to perform 
a comparative analysis of the effects of treadmill training 
with and without VR on walking endurance and speed, 
static and dynamic balance, gross motor function, func-
tional independence, quality of life and occupational 
participation in children with spastic cerebral palsy 
between the ages of 4 and 12 years classified at levels 
I, II and III of the GMFCS. The research question can 
be framed as follows: (P) population: children with CP 
between 4 and 12 years; (I) intervention: an intensive tread-
mill training programme while using VR; (C) comparison 
group: an intensive treadmill training programme; (O) 
outcome of interest: effectiveness on walking endurance 
and speed, static and dynamic balance, gross motor func-
tion, functional independence, quality of life and occupa-
tional participation; and (T) time: training 2 weeks, plus 
follow-up at week 4.
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Authors hypothesise that the combination of VR and 
treadmill training will achieve more significant effects 
than the isolated use of treadmill training concerning 
walking endurance and speed, static and dynamic 
balance, gross motor function, functional independence, 
quality of life and occupational participation in children 
with spastic cerebral palsy between the ages of 4 and 12 
years classified at levels I, II and III of the GMFCS.

METHODS/DESIGN
Study design
A prospective, analytical, controlled, randomised, two-
arm, single-blinded study will be carried out (figure 1). 
The protocol for this study is registered at ​clinicaltrials.​
org (NCT05131724), and the corresponding Clinical 
Research Ethics Committee of the Osona Foundation for 
Health Research and Education (FORES) has approved 
the study design and protocol (2021061).

The participants will be selected and recruited by 
the head of the Pediatrics Department at the Pediatric 
Department of the Vic Hospital Consortium, Catalonia, 
Spain. The study will be conducted between September 
2023 and December 2024. Participants will be randomly 
allocated into two groups: the control group will under-
take treadmill gait training only (TT), and the exper-
imental group will receive the treadmill training at the 
same time as the virtual reality (TTVR). Both groups will 
carry out 10 sessions of gait training over 2 weeks, with 
30 min for each session at the physiotherapy laboratory 
of the University of Vic – Central University of Catalonia 
(UVic-CUC). Outcomes will be collected for both groups 
at baseline, at the end of the training and 4 weeks after 
the end of the training.

Randomisation will be stratified based on the GMFCS 
(level I, II or III), at a ratio of 1:1 for both groups. A rando-
misation table will be used for the allocation sequence 

at each stratum. An external researcher not involved in 
the recruitment process or development of the study will 
prepare opaque envelopes for each of the three strata 
(each of different colours), which will be sequentially 
numbered and contain the name of the assigned group 
(TTVR or TT). The allocation process will take place 
following the basal evaluation.57

A series of numbered, sealed, opaque envelopes will be 
used to ensure concealed allocation. Each envelope will 
contain a card stipulating the name of the group to which 
the child will be allocated.57

Participants
The participants will be selected and recruited based on 
the following eligibility criteria: children aged between 4 
and 12 years, with a medical diagnosis of spastic CP by a 
paediatric neurologist, motor function classified at level I, 
II or III by the GMFCS,8 with independent walk acquired 
for more than 12 months and able to ambulate for at least 
10 metres with or without the need for a gait-assistance 
device (walker or crutches).

Exclusion criteria include orthopaedic surgery on the 
lower limbs in the past 12 months, surgery scheduled 
during the period of the study, orthopaedic deformities 
with the indication for surgery, uncontrolled seizure 
disorder, metallic implant in the skull or hearing aid, 
having received botulinum toxin injections in the 6 
months before the start of the study and cognitive or 
visual alterations that may compromise task performance.

The sample size was calculated using the G*Power 3 
Software based on differences between two independent 
groups. The 6 min walk test was selected as the primary 
outcome due to its proven validity and reliability as a func-
tional capacity assessment tool and will be used to assess 
participants’ walking endurance and functional mobility. 
Based on the results of Grecco et al,27 and considering a 
mean and SD of 377.2±93.0 m in the experimental group 
and 268±45 m in the control group, a Cohen’s d effect 
size of 1.49 was obtained. Considering an alpha error of 
0.05 and power at 95%, a sample size of 13 participants 
per group was obtained. The drop-out rate was set at 15% 
of the required subjects, so the total sample size will be 30 
participants (15 per group).

Patient and public involvement
No patient was involved.

Data collection
The children in both groups will be evaluated by two phys-
iotherapists, trained to perform the evaluations before-
hand, experienced with the evaluation procedures and 
blinded to the allocation of the children to the different 
groups. Three evaluations will be carried out:

	► Baseline evaluation: 1 week before the training.
	► Post-training evaluation 1: at the end of the training.
	► Post-training evaluation 2: 4 weeks after the end of the 

training.

Figure 1  Flow chart.
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At baseline, each participant will be assessed with demo-
graphic details such as age, GMFCS level, age of inde-
pendent gait acquisition, history of orthopaedic surgery 
and upcoming planned surgeries. Also, a battery of 
comprehensive measurements of primary and secondary 
outcome measures will be completed based on the Inter-
national Classification of Functioning, Disability and 
Heald for Children and Youth and previous literature58 
(table 1).

Outcome measures
The primary outcome measure includes body function-
based measures. Walking endurance will be assessed by 
the 6 min walk test (6MWT), which will be performed in 
accordance with recommendations.59 Physiological vari-
ables such as heart rate and oxygen saturation will be 
collected using a wireless wrist pulse oximeter (BCOx-
ygen Oxysleep). The test will be performed once in a 10 
m course layout. Participants will receive standardised 
instructions and encouragement. The test–retest inter-
class correlation coefficient of this test is 0.98.59–61 The 
estimated time to perform the test is 10 min.

The secondary outcome measures include three major 
outcomes: the body functions-based measures, the activity-
based measures, and the participation-based measures.

The static balance will be assessed on a stabilimeter plat-
form (System SD – Biodex), which allows stabilometric 

analysis based on oscillations of the centre of pressure. 
The children will be instructed to remain standing on the 
platform, barefoot, arms alongside the body, gazed fixed 
on a point that will appear on the platform’s integrated 
screen (at eye level, adjusted for each child), with the base 
of the foot free and heels aligned. The platform also has 
support rails if the participant loses balance during the 
test and needs to hold on. Readings will be taken for 30 s 
in two conditions (eyes open and eyes closed). Displace-
ment will be measured from the oscillations of the centre 
of pressure in the X (anterior-posterior) and Y (medial-
lateral) axes in both conditions.62 The test is estimated to 
last 5 min.

Dynamic or functional balance will be evaluated by the 
Berg Balance Scale. This simple 14-item measure addresses 
the performance of functional balance common to daily 
living. Each item has a five-option scale ranging from 0 to 
4 points, with a maximum overall score of 56. The points 
are based on the time in which a position is maintained, 
the distance an upper limb is able to reach in front of the 
body and the time needed to complete the task.63 The 
inter-rater reliability is 0.99, demonstrating the excellent 
reliability of this instrument.64 The total execution time is 
approximately 20 min.

Walking speed will be assessed by the 10 m walk test, 
which has excellent measurement properties and is a 
task-specific objective measure of stepping or walking 
speed within an indoor environment.65 The test can be 
completed with or without a gait trainer and is not diag-
nostic specific.30 31 36 Children will be instructed to walk 14 
m, and their speed will be measured for 10 m to exclude 
acceleration at the beginning and deceleration at the 
end of the gait. Physical facilitation for one step will be 
provided for children that cannot initiate steps within 
a 30 s time frame.66 A maximum time of 10 min will be 
provided to complete the 10 m. A change of 0.1 m/s will 
be clinically meaningful.67 The inter-rater reliability of 
this instrument is very high, between 0.89 and 1.00.66 The 
total execution time is approximately 10 min.

Gross motor function will be assessed by the Gross 
Motor Function Measure-66-item set (GMFM-66-IS). This 
tool is an updated version of GMFM-66 and is consid-
ered accurate, time efficient and suitable for research.68 
This scale quantifies the child’s gross motor function 
in different positions (lying down and rolling, sitting, 
crawling and kneeling, standing, walking, running and 
jumping), scoring each item from 0 to 3 points, with 
higher scores denoting a better performance. Clinically 
meaningful change for the GMFM in children with CP 
aged 1.5–7 years old is 1.23 for individuals classified at 
GMFCS level III.69 70 The test is estimated to last 10 min.

Functional independence will be evaluated by the Func-
tional Independence Measure for Children (WeeFIM). It 
has excellent measurement properties to measure consis-
tent performance of activities of daily living, functional 
independence and burden of care in children with disabil-
ities.38 71 It is a semistructured interview that is guided by 
a specific manual to determine the level of assistance 

Table 1  Summary of the outcomes and measurements

Outcome
Type of 
outcome

Outcome 
measure

Body function-based measures

 � Walking endurance Primary 
outcome

6MWT

 � Static balance Secondary 
outcome

Stabilimeter 
platform

 � Dynamic or functional 
balance

Secondary 
outcome

Berg Balance 
Scale

 � Walking speed Secondary 
outcome

10MWT

Activity-based measures

 � Gross motor function Secondary 
outcome

GMFM-66_IS

 � Functional 
independence

Secondary 
outcome

WeeFIM

Participation-based measures

 � Quality of life Secondary 
outcome

PedsQoL

 � Occupational 
participation

Secondary 
outcome

CPQ

CPQ, Children Participation Questionnaire; GMFM-66 IS, Gross 
Motor Function Measure-66 Item set; 6MWT, 6 min walk test; 
10MWT, 10 m walk test; PedsQoL, Pediatrics Quality of Life 
Inventory; WeeFIM, Functional Independence Measure for 
Children.
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required for: (1) self-care, (2) transfers and mobility, and 
(3) cognition and communication. A total of 18 items are 
scored on a scale of 1 (indicating total assistance required 
for completion of the task) to 7 (complete indepen-
dence), giving a total score out of 126.72 The WeeFIM will 
be completed by the parents or guardians of each child.

Quality of life will be assessed by the Pediatric Quality 
of Life Inventory (PedsQoL).73–75 The 23-item scale 
encompasses: (1) physical functioning (eight items), (2) 
emotional functioning (five items), (3) social functioning 
(five items) and (4) school functioning (five items) and 
will be completed by the parents or guardians of each 
child. The instructions ask how much problem each item 
has been during the past month. A 5-point response scale 
is used (0=never a problem; 1=almost never a problem; 
2=sometimes a problem; 3=often a problem; 4=almost 
always a problem).74 76

Occupational participation will be assessed by the Chil-
dren Participation Questionnaire (CPQ). This question-
naire will be completed by the parents or guardians of 
each child. It documents the child’s participation in six 
occupational areas: (1) activities of daily living, (2) instru-
mental activities, (3) play, (4) leisure, (5) social participa-
tion and (6) education. Parents will report the intensity of 
the level of independence and the child’s enjoyment and 
satisfaction. It consists of 44 items scored on a six-point 
scale (1–6). A higher score is considered as higher enjoy-
ment or satisfaction.77 78

All the physical assessments will be video recorded and 
scored by one of the two experienced physiotherapists, 
blinded to assessment time points and the allocation of 
the children to the different groups. Before the evaluation 
procedures, both physiotherapists will be instructed to 
use each of the assessment tools. Outcome measures with 
WeeFim, PedsQoL and CPQ will be collected through the 
parents or guardians of each child, and in the case of chil-
dren between 8 and 12 years, those outcome measures 
will also be collected through them. It is estimated that 
all the physical assessments will last 60 min, and they will 
be performed at the physiotherapy laboratory of the 
UVic-CUC.

All the data will be managed and registered simultane-
ously by the assessors under the coding number assigned 
to each participant. All the data will be stored on the 
servers of the UVic-CUC, which comply with the legally 
required security standards.

Intervention protocols
The control group will receive treadmill gait training only, 
and the experimental group will undertake the treadmill 
training at the same time as the VR.

Treadmill training
Children in both groups will perform treadmill training 
following recommendations.79 The RAM870A of the 
Medisoft treadmill will be used. Two treadmill training 
sessions will be held before the start of the intervention 
to familiarise the children with the equipment. During 

these two sessions, the treadmill training and speed will 
be set according to the following procedures: the ground 
walking speed of each child will be determined through 
the baseline 6MWT, and then the training velocity will 
be set at 50% of the maximum ground speed established 
during the 6MWT and increased gradually based on the 
tolerance of each child (ie, no complaint of fatigue, heart 
rate not exceeding 70% of the maximum heart rate and 
a lack of gait shuffling, buckling or dragging steps more 
than 5 s during walking).59–61

When the training begins, the velocity will be grad-
ually increased during the session based on the child’s 
tolerance. The treadmill training would be 10 sessions 
over 2 weeks with 30 min for each session (5 min warm-
up, 20 min gait training, 5 min cool-down).79 During the 
sessions, treadmill speed will be maintained at 60%–80% 
of the maximum speed established on the exertion test. 
The child will walk at 60% maximum speed in the first 
and final 5 min and 80% in the middle 20 min.

The physiotherapist conducting the training and the 
participant’s companion will be available to help the child 
through verbal and tactile feedback to encourage heel 
strike, hip and knee extension and toe-off. The treadmill 
structure will have an adjustable handlebar so the child 
can hold on if needed. In addition, the participant will 
wear a safety harness and an automatic stop lanyard.

The following criteria will be pre-established for inter-
ruption of training: the sensation of fatigue, pain in the 
lower limbs, complex arrhythmia, increased heart rate 
above the participant’s established maximum, severe 
shortness of breath and drop in oxygenation. The partic-
ipant will be asked about the shortness of breath and 
lower limb pain in all sessions. In addition, heart rate and 
oxygen saturation will be monitored continuously using a 
wireless wrist pulse oximeter.

Virtual reality
Children in the experimental group will perform 
gait training on the treadmill simultaneously with VR 
(TTVR). The virtual environment will be composed of 
obstacles, different paths, and narrow and deviated corri-
dors. The child will control an avatar that walks through 
this environment and requires the child to coordinate 
walking behaviour and adjust the length, height and 
width of steps to avoid obstacles. The VR system will use 
a television screen placed at the child’s eye level in front 
of the treadmill. The speed, orientation, size, frequency 
of appearance and shape of the obstacles will be manip-
ulated according to individual performance following 
a standardised protocol. The VR system will provide 
visual and auditory feedback on the success or failure of 
the activity to enhance motor learning. In addition, the 
characteristics of the environment (eg, visibility, config-
uration and distractions) will be adjusted to increase the 
complexity of the training. This complexity will also be 
adjusted to maintain the 80/20 success/failure ratio to 
enhance motor learning and encourage child’s participa-
tion in the game without frustrating them.
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The motion capture will be performed by a camera 
and capture sensors placed on the participants’ feet to 
measure movements as they walk on the treadmill. The 
participants’ movements will be transferred to the VR 
system and projected onto a 50-inch TV screen as an avatar, 
allowing participants to see a body walking in the virtual 
environment. The screen will be situated in front of the 
child, at the level of his/her eyes, as it will be placed on 
an adjustable platform. All the interventions will be devel-
oped at the physiotherapy laboratory of the UVic-CUC. 
The number of sessions attended, the maximum tread-
mill training speed, duration of treadmill training and 
distance travelled in each session will be recorded on a 
follow-up chart. Any problems or injuries that may occur 
during training will also be recorded. All participants will 
be instructed to maintain their usual daily activities and 
attend regular physical therapy sessions if undergoing 
such therapy.

Statistical analysis
Clinical and demographic characteristics and baseline 
data will be presented to show the baseline comparability 
of the two groups. Data from the patients who withdrew 
from the study will also be examined. Descriptive statis-
tics will be presented for both groups at every assessment 
time point. Normally distributed data will be described 
using means and SD, and not normally distributed data 
using medians and IQRs. The intention-to-treat prin-
ciple will be used during the primary analysis, including 
all randomised participants. Subjects who discontinue 
the intervention will be encouraged to participate in the 
follow-up assessments. The primary outcome measure, 
walking endurance, is a continuous variable. Therefore, 
between-group mean differences and 95% CIs from 
pretreatment assessment to post-treatment assessment 
and 4-week post-treatment assessment will be analysed 
using a mixed-effects linear model, including a random 
term representing individual profile variations (random) 
and the effect of time, group, and the interaction 
between time and group (fixed). Any detected possible 
confounders will be assessed and retained as covariables if 
they are shown to be influential to the model. Secondary 
outcomes will be analysed using the same method as the 
primary outcome measures. The statistical analysis will be 
performed with the IBM SPSS V.28 (IBM).

DISCUSSION
This paper offers a detailed description of a randomised, 
controlled, blinded, clinical trial aimed at comparing the 
effects of the combination of VR and treadmill training 
and treadmill training only on motor function in chil-
dren with spastic cerebral palsy between the ages of 4 and 
12 years classified at levels I, II and III of the GMFCS. The 
intervention has been designed to be safe and motivational 
for the participants and based on the dosage and intensity 
reported to be effective in gait training programmes.79 80 
Treadmill training has been accepted as task-oriented 

repetitive training based on motor learning theory and 
has been considered crucial in improving gait patterns 
in children with CP.81 Furthermore, this study protocol is 
innovative in terms of the combination of VR and tread-
mill training, which might favour children’s acceptability 
and motivation for the intervention. Individualised adap-
tations might be necessary to ensure the child’s individual 
goals, but every effort will be made to standardise each 
intervention element. Outcome measures have been 
selected to represent the ICF-CY domains. The results will 
be published and will contribute evidence regarding the 
use of VR and treadmill training on this population.

ETHICS AND DISSEMINATION
The present study complies with the principles of the 
Declaration of Helsinki and The Organic Law 3/2018 of 
December 5 on Protection of Personal Data and Guar-
antee of Digital Rights established in Spain. The Clinical 
Research Ethics Committee of the Osona Foundation for 
Health Research and Education (FORES) has approved 
the study design and protocol (2021061). Written 
informed consent will be obtained from the parents or 
guardians of all participants under 16 years old. The 
participating institutions have provided a declaration of 
participation. The participants will be allowed to abandon 
the study at any time with no negative repercussions.

The findings of this research will be submitted for 
peer-reviewed publication and presented at international 
conferences. If any harm arises from the study, these 
results will also be shared. Non-identifiable data will not 
be shared. All the involved participants and sites will be 
acknowledged in the research outputs.
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