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Purpose: The purpose of this study was to investigate the effects of three-dimensional virtual reality horse riding simulator training us-
ing a head-mounted display on gait and balance in children with cerebral palsy.

Methods: Ten children with cerebral palsy were randomly assigned to the horse riding simulator (HRS) group (n=5) or the horse riding
simulator with virtual reality (HRSVR) group (n=5). To evaluate balance, center of gravity (COG) sway velocity and total sway distance of
each group were assessed using the Wii balance board, and gait speed and stride length of each group were assessed using a gait analy-
sis system.

Results: Intra-group comparisons between pre- and post-intervention measures revealed that there were significant changes in all gait
and balance variables such as stride length, gait velocity, COG sway velocity and COG sway distance in the HRSVR group (p < 0.05). In the
HRS group, there were significant changes in all variables except stride length (p<0.05). In addition, inter-group comparisons showed
significant differences between the two groups in stride length, gait velocity and COG sway distance except COG sway velocity (p < 0.05).
Conclusion: The findings of this study suggest that horse riding simulator training combined with 3D virtual reality can be a new positive

therapeutic approach for improving functional performance in children with cerebral palsy.
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INTRODUCTION

Children with cerebral palsy have neurodevelopmental disorders
due to non-progressive lesions occurring in the immature brain
during the prenatal fetal term or in early infancy." As they grow,
children with cerebral palsy exhibit symptoms of motor disorders
due to the impairment of sensorimotor function caused by neuro-
developmental disorders, and primary deficits include spasticity,
muscle weakness, reduced coordination and a loss of selective mo-
tor control.” These primary conditions additionally generate sec-
ondary deficits such as muscle contracture and alignment deformi-
ties of children with cerebral palsy, leading to a reduction in the level
of functional activity and difficulty in balance control and walking

necessary for performing activities of daily living.**

Various therapeutic approaches, such as virtual reality, treadmill
training, robot-supported therapy and horseback riding simulator,
have been used to improve balance and gait in children with cere-
bral palsy.”'* Among diverse therapeutic approaches, hippotherapy
is a training method employing the natural gait of the horse to pro-
vide motor and sensory input to children with cerebral palsy."**
However, hippotherapy using a real horse is not frequently used
among the general population due to its accessibility and high costs.
Therefore, to deal with such problems, a therapeutic approach using
a horse riding simulator which produces movements similar to
those of a horse has been recently used for various types of patients
with central nervous system impairment such as cerebral palsy and
stroke patients.”"” Lee et al.' examined the effects of horse riding

simulator training on the functional ability in children with cere-
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bral palsy, and reported that horse riding simulator training im-
proved static and dynamic balance abilities in children with cerebral
palsy. In addition, several previous studies have reported that horse
riding simulator training led to an improvement in functional ac-
tivities such as decreased spasticity and the improvement of postur-
al control and gait in children with cerebral palsy.'*'¢"”

Virtual reality (VR) training uses computer software to track the
user’s motions and show them ona TV screen. In VR training, since
the training machine can detect motions of not only healthy people
but also people with various functional disorders, users can per-
form various game interactions. This is a training method that can
provide both interest and ease of use unlike simple rehabilitation
equipment. Several previous studies reported that training utilizing
virtual reality had a positive impact on upper and lower extremity
tunctions, postural control and functional gait ability in patients
with central nervous system impairment such as stroke and cerebral
palsy.*®2” However, VR training methods currently used in clinical
practice reproduce the motions of the patient in a two-dimensional
(2D) space using a screen or a TV monitor, placing limitations on
vividness and immersion for the patient’s motions. Recently, with
the development of information technology, programs for repro-
ducing three-dimensional (3D) virtual reality using a head-mount-
ed display (HMD) have been developed to resolve the problems de-
scribed above.

Until now, most previous studies have investigated the effective-
ness of horse riding simulator training or 2D VR training for the
improvement of functional activities such as balance and gait in
children with cerebral palsy. No prior studies have examined the ef-
ficacy of horse riding simulator training combined with 3D virtual
reality for functional improvement in children with cerebral palsy.
Therefore, this study aimed to investigate the effects of 3D virtual
reality horse riding simulator training using a head-mounted dis-

play on gait and balance in children with cerebral palsy.

METHODS

1. Subjects

This study was conducted with 10 children with spastic diplegic or
hemiplegic cerebral palsy. Before the experiment, the purpose and
procedures of the study were fully explained to the subjects and

their guardians, and informed consent was obtained from them.
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The inclusion criteria were as follows: 1) children with cerebral palsy
aged 6 to 14 years without visual impairment, 2) children who can
understand and follow oral instructions, 3) children diagnosed with
spastic diplegia or hemiplegia by a specialist, 4) children with cere-
bral palsy classified as the gross motor function classification system
(GMEFC) Level IIT or IV who are able to maintain independent static
sitting posture, 5) children who have not performed systematic
horse riding simulator training or muscle strengthening exercise
within the last 6 months, and 6) chidren with no problem in vestib-

ular system.

2.Procedure

Ten children with cerebral palsy enrolled in this study were ran-
domly assigned to either the horse riding simulator (HRS) group
(n=5) or the horse riding simulator with virtual reality (HRSVR)
group (n=5). Children in the HRSVR group were provided with
horse riding simulator training combined with virtual reality. Chil-
dren in the HRS group only received horse riding simulator train-
ing. All subjects received the same neurological physical therapy
during the intervention.

The horse riding simulator used in this study was a horse riding
machine manufactured by Panasonic (JOBA, EU7805, Panasonic,
Japan) that can simulate the movements of a real horse. The horse
riding simulator used in this study was designed to implement an
8-shaped movement by using 5 axes, and this movement is designed
to enable the user to experience 3D movements (back-and-forth,
side-to-side, and up-and-down movements) like the movements of
areal horse. The movements of the horse riding simulator were pro-
duced using an embedded program of the machine. During horse
riding simulator training, children were allowed to adjust their own
postures and they were required to hold the handle using upper
limbs. Subjects were instructed to maintain the tension of the neck
and a sticker was attached at the eye level of the subjects so that they
could fix their gaze on a specific location. While a child was using
the horse riding simulator, the therapist continuously orally re-
quested the child to correct his or her posture behind the child to
prevent safety accidents and to get the child to extend the trunk as
accurately as possible. In this study, a head-mounted display,
NOON VR+ (FXGear, Korea), was used to employ 3D virtual reali-
ty. It provides virtual reality on a smartphone with a screen size of

4.7-5.7 inches, a Full HD (1,920 x 1,080) or higher screen resolution,
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and a Gyro sensor. NOON VR+ is equipped with anti-blue-light
lens to reduce eye strain and fatigue and protect eyes from UV rays
and harmful light. In addition, we used VRFIT (M2Me Co., Ltd.,
Korea) equipped with an IoT (Internet of Things) sensor to link the
horse riding simulator to a head-mounted display (HMD). VRFIT
has embedded sensors such as a 9-axis sensor, an acceleration sen-
sor, a gyro sensor and a geomagnetic sensor, and its operating fre-
quency is 0.3 Hz-3 Hz. Its main function is to implement 3D virtual
reality according to the actual movements of the exercise machine.
Its communication distance is about 10 m and it is used by connect-
ing it to a smartphone via Bluetooth. In this experiment, the VRFIT
Stepper app that can be linked to VRFIT was used for observation.
The image of 3D virtual reality on head-mount display was config-
ured to move the landscape around at the speed of the horse riding
equipment. The horse riding simulator training intervention was
conducted for 20 minutes per day, twice a week, for 4 weeks. The
Wii balance board and OptoGait were used to assess balance and
gait ability before and after the intervention. If participants were
complain of dizziness or abnormal symptoms during the training,

participants were retrain after to take a break.

3. Assessment tool
The Wii balance board (Nintendo, Japan) was used to assess bal-
ance, and center of gravity (COG) sway velocity and total sway dis-
tance were measured for 30 seconds. The Wii balance board has a
50 cm x 50 cm rectangular shape and it is used as an input device
for home game consoles. COP data is continuously collected
through load cells located at four corners and provided to a Blue-
tooth-connected computer. Balancia software ver. 2.0 (Mintosys,
Korea), a program to analyze COP data, was used to analyze the
data. The data of the COP assessed by the Wii Balance Board was
analyzed by the Balancia program on a computer connected via
Bluetooth. The analysis results show the moving distance and veloc-
ity along X and Y axes of the COP, left and right body weight distri-
butions, slope 95%, and area 95%. All data were sampled at 100 Hz
and extracted with a 10 Hz low-pass filter. Assessment was per-
formed five times for each item and data analysis was conducted
with the mean of three intermediate measurement values excluding
the first and last measurement data.

In this study, a gait analysis system (OptoGait, Microgate S.r1, Ita-

ly) was used to measure temporal and spatial parameters of gait.
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The OptoGait is composed of a 1 m long transmission bar, two re-
ception bars and a webcam (Logitech Webcam Pro 9,000, Logitech
Inc., Swiss). Each bar has 96 light-emitting diodes (LEDs) installed
at 1 cm intervals and transmits and receives infrared signals. The
optical sensor transmits and receives signals at 1,000 Hz and collects
information about temporal and spatial parameters of gait and gait
patterns while a subject is walking between two parallel bars. The
webcam was activated to collect accurate data and the values of
variables related to gait were processed using the OptoGait (Version

1.5.0.0 MicrogateS.r.], Italy) software program.

4. Statistical analysis

Statistical analysis of collected data was conducted using Windows
SPSS 22.0 version. The general characteristics (age, height, and
weight) of the subjects in each of the HRS and HRSVR groups were
analyzed using descriptive statistics. The Wilcoxon Rank test was
used to make intra-group comparisons before and after the inter-
vention, and the Mann-Whitney U-test was used to compare the
two groups before and after the intervention. The level of statistical

significance was set at p <0.05.

RESULTS

A total of 10 subjects were recruited and they were randomly as-
signed to one of the two groups, the HRS group (n=5) and HRSVR
group (n=5). The general characteristics of the two groups are
shown in Table 1. The intra-group comparison between pre- and
post-intervention measures showed that there were significant dif-
ferences in gait velocity, sway velocity and sway distance except for
stride length in the HRS group (p <0.05). In comparison, the HRS-
VR group showed significant differences in all assessment scores of

stride length, gait velocity, COG sway velocity and COG sway dis-

Table 1. The general characteristics of subjects

HRS group (n=5) HRSVR group (n=5)

Male/Female 2/3 2/3
SDCP/HCP 3/2 3/2
Age (yr) 9.40+2.07 10.00£2.55
Height (cm) 119.40+£11.17 120.80+7.50
Weight (kg) 30.00+4.64 31.00+4.12

Values are presented as mean+ standard deviation.
HRS: horse riding simulator, HRSVR: horse riding stimulator with virtual reality,
SDCP: spastic diplegia cerebral palsy, HCP: hemiplegic cerebral palsy.
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Table 2. Comparison of balance and gait function in between the HRS and HRSVR group

Parameter HRS group (n=5) HRSVR group (n=5) p
Gait Velocity (m/sec) Pre 0.56+0.13 0.53+0.17

Post 0.61+0.11 0.78+0.17

p 0.04*

Post-Pre 0.05+0.04 0.24+0.11 0.01"
Stride Length (cm) Pre 73.36+£11.08 71.4317.62

Post 75.45+£11.79 83.85+6.61

p 0.04*

Post-Pre 2.10£2.10 12.42+557 0.01"
COG_Velocity (cm/sec) Pre 7.65+.348 7.27+3.41

Post 6.97+3.32 5.92+2.81

p 0.04*

Post-Pre -0.69+0.32 -1.35+£0.74 0.01
COG_Distance (mm) Pre 217.50+90.64 213.99+94 50

Post 197.80+86.44 176.66+82.62*

p 0.04*

Post-Pre -19.30+£6.88 -39.33+£9.94 0.017

Values are presented as mean * standard deviation.
HRS: horse riding stimulator, HRSVR: horse riding stimulator with virtual reality.

*Significant difference between pre- and post-test (p<0.05), 'significant difference compared with the HRSHMD (p<0.05).

tance (p <0.05). In addition, the inter-group comparison revealed
significant differences between the two groups in stride length, gait
velocity and COG sway distance except for COG sway velocity
(p<0.05)(Table 2).

DISCUSSION

In this study, we investigated whether horse riding simulator train-
ing using 3D virtual reality is an effective treatment method to im-
prove gait and balance in children with cerebral palsy. The assess-
ment of gait and balance before and after the intervention revealed
that the HRSVR group showed greater improvement in balance
and gait compared to the HRS group. These results suggest that
horse riding simulator training combined with virtual reality can
lead to greater improvement in functional performance of children
with cerebral palsy than horse riding simulator training without
virtual reality.

In this study, the COG sway velocity and sway distance were de-
creased in both groups, indicating that horse riding simulator train-
ing is an effective intervention for improving balance ability. Several
previous studies have reported that horse riding training is a posi-
tive intervention method for postural control and balance ability in

various types of patients with CNS disorders, which supports the
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results of this study.>>#* Champagne et al.* reported that 10-week
horse riding training had a positive effect on fine motor precision,
balance, and muscular strength in children with cerebral palsy. In
addition, a study of adult stroke patients found that mechanical
horse riding rehabilitation training improved balance ability in
stroke patients.” This findings suggest that horse riding training can
be an effective intervention method for improving head and trunk
control and equilibrium responses according to postural sway.**

In addition, gait velocity was increased in both groups, and stride
length was also improved in the HRSVR group. These results are in
agreement with several previous studies which also demonstrated
that horse riding training is an effective intervention method for
improving gait in children with cerebral palsy. A study by Kwon et
al.* recruited 32 children with cerebral palsy and reported that
horse riding training resulted in an improvement in gait velocity
and stride length in children with cerebral palsy. The exact mecha-
nisms through which horse riding training improves gait function
in children with cerebral palsy are still unknown. However, the im-
provement of gait function in children with cerebral palsy is be-
lieved to be due to factors such as the improvement in the move-
ments of the pelvis, lumbar spine and hip joints and the reduction
of abnormal spasticity. Ribeiro et al. demonstrated that horse riding

training is an intervention method that can improve lower extremi-
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ty muscle activity in children with cerebral palsy.*® Another previ-
ous study reported that horse riding training can have a positive ef-
fect on gait ability through the improvement of pelvic movements.**
In addition, a study on the impact of horse riding training in chil-
dren with cerebral palsy reported that horse riding training reduces
muscle spasticity in lower limbs in children with cerebral palsy.* A
reduction in spasticity can lead to an improvement of gait ability in
children with cerebral palsy. In this regard, Terebessy et al.” report-
ed that a decrease in spasticity of lower extremity muscles by botuli-
num toxin treatment led to the improvement of gait function in
children with cerebral palsy.

As mentioned above, balance and gait of children with cerebral
palsy improved in both the HRS and HRSVR groups. However, the
HRSVR group showed a greater improvement than the HRS group,
and inter-group comparisons also showed that there were signifi-
cant differences between the two groups. So far, no studies have ex-
amined the effects of horse riding training combined with virtual
reality on functional activities such as balance and gait. Thus, to our
knowledge, there is not sufficient evidence of the effects of horse
riding training combined with virtual reality. However, there are
mechanisms in terms of which we can consider the way horse rid-
ing training combined with virtual reality can improve functional
activities in children with cerebral palsy. The effects of horse riding
training can be explained in part by previous studies which report-
ed that application of VR horse riding training with a 3D HMD in-
creased brain activity by stimulating the brain and triggered the
motivation and interest of subjects. A functional magnetic reso-
nance imaging (fMRI) study investigated the effects of VR interven-
tion on reorganization of the brain cortex in stroke patients and
demonstrated that VR training is an intervention method which
can increase cerebral cortical activity in stroke patients.”® The find-
ings of the MRI study can be seen as the evidence that VR training
can elevate the activity of the primary motor cortex and primary
somatosensory cortex and can induce neuroplasticity through lat-
eralization of the cerebral cortex. In addition, Saposnik et al.* re-
ported that VR training enhanced motor control and increased
subjects’ interest in the training, thereby increasing their motiva-
tions for motor learning. Lee et al.*” examined the effects of VR
games with a HMD on the function of the affected upper limb in
12 stroke patients and found that various upper limb functions were

improved. Although the study by Lee et al. [29] was conducted with
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stroke patients and evaluated not lower limb functions but upper
limb functions, its results are consistent with those of this study in
that Lee et al. [29] also demonstrated that VR training with a HMD
can lead to functional improvement.

The findings of this study suggest that horse riding simulator
training combined with 3D virtual reality can be a new positive
therapeutic approach for improving functional performance in
children with cerebral palsy. However, this study has some limita-
tions that need to be taken into consideration. First, this study is a
preliminary research and a small sample size makes it difficult to
generalize the study findings. Second, activities performed at home
or in other institutions in addition to the intervention of this study
may have affected gait or balance of the subjects but it was not pos-
sible to control such confounding variables. Finally, only children
with GMFC Level III or IV cerebral palsy were included in this
study, so the results of this study cannot be generalized to children
with physical functional limitations. Therefore, these limitations

need to be addressed in future studies.
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