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ABSTRACT

This study aimed to investigate the basic data on the effectiveness and safety of the system in healthy 
subjects using an immersive virtual reality (VR) exercise system specialized for therapeutic exercise therapy 
during dialysis or hospital use. A total of 15 healthy adult subjects performed four exercises, namely lifting 
and rowing exercises using VR and each movement exercise without VR (control). The simulator sickness 
questionnaire (SSQ) was administered pre- and post-operatively to assess for VR sickness. Blood pressure, 
heart rate (HR), rating of perceived exhaustion, Profile of Mood States 2nd Edition Japanese version, and 
muscle activity (iEMG) were measured using electromyography. The correlation between changes in mood 
states and HR or iEMG results was examined. The SSQ measured post-VR exercise was 11.2 (18.7–7.5) 
and 11.2 (7.5–29.9) points in the lifting and rowing VR, respectively. The HR in lifting (VR, 82.5 ± 12.7 
vs control, 71.6 ± 10.6 bpm, P<0.05) and rowing (VR, 94.2 ± 13.1 vs control, 83.5 ± 12.0, P<0.05) with 
VR exercise was significantly higher than in control. No significant differences were observed between 
the other variables. There was a positive correlation between HR and negative mood in the lifting VR 
condition (r=0.64, P<0.05), but not in the control group. Contrastingly, there was a positive correlation 
between iEMG and negative mood in rowing control (r=0.56), but not VR. Safety was confirmed, with 
no VR sickness or discontinuation of the system. Exercise therapy using VR resulted in a higher exercise 
load. This VR system has the potential for additional effective intradialytic exercises and hospital use.
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INTRODUCTION

The exercise experience in the virtual reality (VR) space with game elements provides an experi-
ence that makes the subjects feel as if they were real. Exercise therapy using VR is expected to lead 
to the continuation of exercise by providing enjoyment that cannot be achieved with conventional 
exercise therapy. In a study of healthy adults, cycling exercise with VR was less fatiguing, more 
enjoyable, and more self-efficacious than regular cycling exercise.1 VR-based exercise therapy is 
expected to be further developed in the areas of medical and rehabilitation sciences.

However, there are some limitations to exercise therapy using VR with respect to medicine and 
rehabilitation. In particular, exercise therapy using VR is expected to be an effective intradialytic 
exercise for dialysis patients who are forced to rest in bed for 4 h three times a week; however, 
dedicated equipment and evidence are lacking. In previous studies,1-6 exercise therapy using VR 
was performed with an ergometer and treadmill, or with patients who could sit, stand, or walk. 
Notably, immersive VR devices used in previous studies require a computer,1 cords, and the game 
itself, separate from VR goggles, which are often peripheral devices.2-7 However, these devices are 
not suitable for use in dialysis or small hospital rooms because of their various peripheral devices. 
Immersive VR was completed only with a VR device, and minimal equipment was necessary for 
patients who had difficulty leaving their bed, such as patients undergoing hemodialysis.

We developed an immersive VR exercise therapy system using a stand-alone VR device, 
assuming exercise during dialysis or in a hospital bed. This exercise therapy system focused 
on therapeutic strength training to improve the functional decline of the lower limbs, assuming 
patients were in the supine bed position. This report aims to provide basic data on the safety 
and effectiveness of this system in healthy subjects, which can be used as a basis for future 
applications in patients.

MATERIALS AND METHODS

Study design and subjects
This was a crossover study. The subjects participated in four types of exercise conditions with 

or without VR (lifting or rowing exercises); 1) lifting VR condition, 2) rowing VR condition, 
3) lifting control condition, and 4) rowing control condition. Each exercise was performed in 
a randomized order at intervals of at least 2 days (Figure 1). The subjects were 15 university 

Fig. 1 Study design
This study was conducted in a crossover study. Subjects participated in four periods of four different exercise 
conditions: 1) lifting VR condition, 2) rowing VR condition, 3) lifting control condition, and 4) rowing control 
condition. Each exercise was randomly performed at least 2 days apart to exclude fatigue.
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students (men/women: 3/12, age: 21.9 ± 0.3 years, Body mass index (BMI): 20.2 ± 1.9 kg/m2). 
The eligibility criteria for the subjects were as follows: 1) Healthy university students enrolled 
at Seirei Christopher University. The exclusion criteria were individuals having (1) underlying 
diseases, such as hypertension, diabetes, or hyperlipidemia; (2) central nervous system diseases or 
orthopedic problems that interfere with exercise; and (3) who could not provide their consent for 
research or withdrew consent and requested for discontinuation. The Ethics Committee approved 
the study of Seirei Christopher University (approval number 21026).

Configuration of VR equipment
The central equipment of the VR device consisted of VR goggles, a remote control, and a 

six-axis accelerometer (Figure 2). The VR device/remote control was the “Lenovo Mirage Camera 
with Daydream “(Mirage Solo with Daydream, Lenovo, China) and the supplied remote control. 
This stand-alone VR device required no peripheral equipment other than a remote control and can 

Fig. 2 VR system overview
Fig. 2a: Data from the 6-axis accelerometer accompanying the movement of the lower limbs were input into 

the VR device and reflected in the movement of the lower-limb avatar. An explanation of the 6-axis 
acceleration setting is displayed on the external surface before the game starts, and the user fixes the 
6-axis accelerometers to both ankles by themselves.

Fig. 2b: A VR exercise therapy system does not require a computer and can only be completed using a VR 
device. Games can be selected by lifting and rowing when the VR device is turned on.
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be used only with VR equipment. The remote control was used to set up the start of the game, 
and was not used for in-game operations. The six-axis accelerometer used was the “M5StickC” 
(M5Stack Technology Co, Ltd, China), which was linked to the VR device via Bluetooth. An 
accelerometer is a device that measures the vibration of an object or the acceleration of its 
motion. One device was placed above each ankle of the subject to sense the motion of the lower 
limbs, which was reflected in the VR device images.

System setup
The procedure of the VR exercise therapy system used in this study was as follows: (1) 

wearing a VR system; (2) launching the lifting or rowing application; (3) instructions for the 
posture in the game, mounting, and synchronization of the accelerometer, and a signal to start 
the VR space was displayed on the screen; (4) setting the difficulty level; and (5) starting the 
game. The operations required on the subject’s side were (3)–(5). Operations (3)–(5) did not 
require remote control operations; the subject gazes at the icons, and the game progresses.

Game design
The two-game designs for the exercise therapy system developed in this study were lifting 

and rowing. The lifting and rowing programs were designed as a similar movement of lower 
extremities exercise as typical resistance and aerobic exercise, adding a game element and 
improving the program’s fun. Lifting is a game in which the players compete by lifting a soc-
cer ball that falls in front of them in the VR space and kicking it up in time with the timing 
of its fall. Lifting requires kicking the foot up, just as the ball and avatar of the foot collide. 
If the subject lifts his/her foot harder, the ball kicks higher. The difficulty level of lifting can 
be set and the number of balls can be increased by increasing the difficulty level. When used 
as exercise therapy in clinical settings, it is intended to be performed as resistance training by 
loading dead weights on both the lower limbs.

Rowing is a game in which the players boarded a boat floating on a lake in a VR space. 
The subjects were required to collect the coins scattered around the boat repeatedly. The subject 
was required to perform rhythmic extension movements of both knee joints to move the boat 
forward. Manipulation of the boat was performed by varying the number of times the knees of 
both lower limbs were extended. When only the right lower limb was moved, the boat turned to 
the left. The boat can move faster by increasing the knee extension of both lower limbs larger 
and faster. The game had a time limit, and the subjects were instructed to collect as many coins 
as possible within the time limit. When used as exercise therapy in a clinical setting, it was 
intended to be performed as an aerobic exercise.

Safety considerations
The VR device is equipped with an external camera. Subjects can immediately stop the 

game by staring at the avatar’s arm on either side of the screen. The game can subsequently 
be resumed. This allows the user to suspend and resume the game in a lying position without 
assistance (Figure 3). This technology has been patented in Japan (Japanese Patent Application 
No. 2021-101961: https://ipforce.jp/patent-jp-A-2021-101961).
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STUDY PROTOCOL

Lifting VR conditions
The subjects wore the VR goggles and were instructed to kick the ball up as much as pos-

sible during the ball drop. The subject was set in a semi-Farrer position (bed gatch up 45°), 
hip flexion at 45°, knee flexion at 60°, and knee extension in hip flexion. The measurement 
protocol consisted of 5 min of rest followed by a 1 min exercise at 40% 1 Repetition Maximum 
of ankle weight load (Figure 4).

Lifting control conditions
The lifting control condition consisted of 5 min of rest, followed by 1 min of knee extension 

exercise. The exercise load was an ankle weight of 1 Repetition Maximum 40% under the same 
lifting VR condition. The exercise was performed with a metronome sounding at 50 bpm in the 
same position as in the lifting VR exercise condition. Knee extension and flexion were performed 
alternately on each side for 30 s each for 1 min (Figure 4).

Fig. 3 Safety considerations
An arm avatar is observed to appear during the implementation of the VR exercise therapy system. Starting with 
the arm, the avatar can interrupt the game and return from the VR space to the actual space.
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Rowing VR conditions
There are so many coins on the lake in VR space that is difficult to collect them all in the 

game time. Subjects were instructed to “collect as many coins as possible” within the time limit 
of 3 min and maneuvered the boat by rhythmic knee extension and flexion movements of both 
the lower extremities. Ankle weight loading was not applied. The subject’s limb position was 
the same as in the lifting condition (Figure 4).

Rowing control conditions
The rowing control condition consisted of 5 min of rest and 3 min of repetitive knee extension 

and flexion exercises. The exercise was performed with a metronome at 120 bpm and a rhythm 
of alternating knee extension and flexion on each side. The limb position measurement was the 
same as that for the other conditions (Figure 4).

DATA COLLECTION

A simulator sickness questionnaire (SSQ) was administered at the beginning and end of 
the exercise to evaluate the VR sickness. The SSQ is an objective evaluation index for visual 
induced sickness, consisting of 16 items that are subjectively rated on a 4-point scale from 0 
to 3, depending on the severity of the participant’s symptoms. The SSQ is divided into three 
subscales (nausea, oculomotor symptoms, and disorientation). Each subscale is weighted, and the 
score is calculated by adding the scores answered to the corresponding items and multiplying 
by 3.74.8 The cutoff value for VR sickness was reported as 33.3 points.9 Higher SSQ scores 
indicate greater VR sickness.

Total Score = (Nausea point + Oculomotor point + Disorientation point) × 3.74

Fig. 4 The study protocol
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Sex, age, and body mass index (BMI) were used as the basic attributes. Systolic blood pressure 
(SBP), diastolic blood pressure (DBP), heart rate (HR), and rating of perceived exertion (RPE) 
in the lower limb and chest by Borg scales were measured before, during, and after exercise. 
SBP and DBP were measured using a mercury sphygmomanometer, and HR was measured 
by the value displayed on an electrocardiogram monitor (bedside monitor BMS2401, NIHON 
KOUDEN, Tokyo, Japan).

The muscle activity was measured using electromyography as an objective evaluation of 
exercise using an electromyogram system (TeleMyo G2, Noraxon, Arizona, USA). The electrodes 
(Blue Sensor, Ambu, Baltorpbakken, Denmark) were affixed to the bilateral vastus lateralis, with 
the electrode center distance set at 30 mm. The sampling frequency was 1500 Hz. The analysis 
was performed using an electromyography analysis software (Myo Research XP, Noraxon, 
Arizona, USA). After smoothing using the root mean square (RMS), integrated electromyography 
(iEMG) values were obtained at rest and during exercise.

Mood changes were measured prior to and after each exercise using the Profile of Mood States 
2nd Edition Japanese version (POMS2). The Japanese version of the POMS2 is a questionnaire 
that measures anger-hostility (AH), confusion–bewilderment (CB), depression–dejection (DD), 
fatigue–inertia (FI), tension–anxiety (TA), vigor–activity (VA), and friendliness (F). Seven items 
were scored on a 5-point scale (0 to 4), from “not at all” to “very much” for each item, covering 
a wide range of mood states.10 The total mood disturbance (TMD) score, which represents the 
overall negative mood state, is calculated by summing all items, except VA and subtracting VA 
as follows:

TMD = AH + CB + DD + FI + TA - VA

In addition, the amount of change in the TMD score pre- and post-exercise was calculated to 
assess the change in negative mood state.

STATISTICAL ANALYSIS

All the data were tested for normality using the Shapiro–Wilk test. Normally distributed data 
are presented as the mean ± standard deviation, and non-normally distributed data are presented 
as the median and interquartile range (IQR). The unpaired t-test or Mann–Whitney U test was 
performed as an inter-conditional comparison between the VR and control conditions. A paired 
t-test or Wilcoxon signed-rank sum test was also performed as a pre-and post-comparison of 
each exercise.

To examine the relationship between objective biological responses to exercise and the subjec-
tive mood, the correlation between the absolute value and change in TMD score and HR or 
iEMG during exercise was examined using Pearson’s product-moment correlation coefficient or 
Spearman’s rank correlation coefficients. The significance level was set at less than 5%.

RESULTS

None of the participants dropped out of the study because of VR sickness, and VR sickness 
was not confirmed. The SSQ measured post-VR conditions was 11.2 (18.7–7.5) points in the 
Lifting VR condition and 11.2 (7.5–29.9) points in the Rowing VR condition (Table 1).

In a group comparison between the VR and control conditions, the HR of the lifting VR 
condition during exercise (82.5±12.7 bpm) was significantly higher than that of the lifting control 
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condition (71.6±10.6 bpm) (P<0.05). The HR of the rowing VR condition at post-exercise 
(94.2±13.1 bpm) was significantly higher than that in the rowing control condition (83.5±12.0 
bpm) (P<0.05). The SBP, DBP, RPE (lower limbs/chest), iEMG, and each sub-item score of 
POMS2 and TMD showed no statistically significant difference in both VR conditions compared 
to each control condition (Table 2).

A positive correlation was observed between the HR during exercise and post-TMD in the 
lifting VR condition (r=0.64, P<0.05), but not in the lifting control condition. No correlation was 
found between iEMG and ΔTMD in the rowing VR condition; however, a positive correlation 
(r=0.56) between iEMG and ΔTMD was found in the rowing control condition (P<0.05) (Table 
3). No other significant correlations were observed between the other variables.

Table 1 Simulator Sickness Questionnaire change pre- and post-VR conditions

Lifting VR conditions Rowing VR conditions

Pre Post P-value Pre Post P-value

Simulator Sickness 
Questionnaire 16.7 ± 14.1 12.5 ± 8.6 0.112 15.0 (1.9–29.9) 11.2 (7.5–29.9) 0.414
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DISCUSSION

This study showed that VR exerts no virtual sickness and discontinuations and affects a higher 
workout load measured by HR in the VR exercise condition than in the control condition, even 
though subjective fatigue was comparable to that in the control condition. In addition, this study 
showed that the effects on the mood of an individual may differ depending on the VR exercise 
category. VR technology is also an important innovation for operations in busy medical settings.

The effects of exercise therapy with VR have been investigated in various subjects, such as 
elderly patients with muscle weakness,2 stroke patients for upper limb function training,3 cognitive 
tasks for dementia patients,4 balance training for traumatic lower limb amputation patients,5 daily 
living training for cerebral palsy patients,6 and intradialytic exercise for hemodialysis patients.7 
Since exercise therapy with VR could enhance the physical feedback on VR, it is difficult to 
perform exercise therapy, such as game competitions, increase motivation, and are expected to 
develop. However, exercise therapy for rehabilitation conducted in hospitals is still limited.

Preventing VR sickness is critical in patient applications. There was no significant difference 
in SSQ between pre and post-VR exercise therapy systems since the cutoff value of SSQ was 
33.3 points9; no VR sickness was observed in this VR exercise therapy system. A previous study 
reported that game designs prone to VR sickness have large sensory conflicts.9 Sensory conflict is 
the discrepancy between expected sensory input information based on the actual experience and 
actual sensory input information in terms of sensory correspondence among the visual, auditory, 
somatosensory, and vestibular sensory information.11 Specific game designs, such as fast-moving 
stimuli, involvement of three or more axes (X, Y, and Z axes) in the movement, high graphic 
realism, and implementation time of 10 min or more12 may have to elicit sensory conflict in 
previous studies. In this game design, both lifting and rowing were performed in 2-axis motion, 
for a duration of less than 10 min, and with acceleration sensors attached to the legs. Additionally, 
it is thought that sensory conflict was unlikely to occur, and VR sickness was not observed.

The VR condition resulted in a significantly higher HR than the control condition, although 
there were no significant differences in the iEMG or RPE compared to the control condition. 
These results indicate that VR exercise could impose a higher exercise load on the cardiopulmo-
nary system, even if the work for the lower limbs did not differ between conditions. In exercise 
therapy, an increase in the HR indicates higher exercise performance and a greater exercise load.13 
Previous studies have reported that VR improves the performance in exercise stress tests14 and 
high-intensity interval training.15 The immersive experience and fun of VR focus on sensory feed-
back, such as exercise-related fatigue.16 Exercise with VR improves the physical performance and 

Table 3 The relationship between TMD and HR or iEMG during exercise

Lifting VR
conditions

Lifting control
conditions

Rowing VR
conditions

Rowing control
conditions

HR Post 0.635* 0.093 0.226 0.056

Δ (Post – Pre) –0.033 –0.068 0.013 –0.349

iEMG Post –0.263 0.201 –0.2 0.345

Δ (Post – Pre) 0.358 0.331 –0.179 0.555*

*p<0.05
HR: heart rate
iEMG: integrated electromyography
TMD: total mood disturbance
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mental tension, resulting in increased HR.17 Exercise with high HR may benefit from increased 
peripheral, cutaneous, cerebral, and coronary blood flow18-20 compared to the control exercise. The 
VR exercise conditions did not change fatigue compared to the control conditions, and exercise 
therapy with a higher exercise load on the cardiopulmonary system could be performed, which 
may be expected to improve the peripheral blood flow associated with an increased HR.

Subjects with a higher exercise load and higher HR were more likely to be in a negative 
mood only in the VR lifting condition performed as resistance training, not in the control lifting 
condition. Previous studies have shown that a low-to moderate-intensity training volume (50–70% 
1 Repetition Maximum) improves the emotion, anxiety, and mood,21 while high-intensity exercise 
mainly produces discomfort.22 Thus, resistance exercise with VR tended to increase the negative 
mood at higher exercise loads compared with the control condition. In contrast, the rowing control 
condition as aerobic exercise showed a negative effect, which was shown to increase in subjects 
with higher physical activity, but not in the rowing VR condition. In the control condition, 
aerobic exercise has been reported to cause an increase in tension, anxiety, and fatigue with 
higher intensity exercises.23 This previous study supports the results of this control condition. In 
comparison, the rowing VR condition did not correlate with iEMG and ΔTMD. This mechanism 
may be due to the enjoyment of VR, which has distracted attention from sensory feedback, such 
as fatigue from exercise,16 even in subjects with a high exercise load. Aerobic exercise therapy 
with VR may reduce the negative mood effects of an increased aerobic exercise load.

Exercise therapy using non-immersive VR for hemodialysis patients has increased physical 
activity24 and improved physical function.25-27 The immersive VR exercise therapy system used in 
this study was developed with the primary goal of providing intradialytic exercises and hospital 
use. Because the system uses only VR equipment, it can easily be used at medical institutions 
with a small number of units. The safety and effectiveness of this system should be verified in 
hemodialysis patients and inpatients in the future.

This study had some limitations. The subjects of this study were healthy, and further research 
is needed to adapt the system to patients. In addition, since only one set of exercises was 
conducted this time, it is necessary to improve the game design by considering the number of 
sets, exercise types, rest periods, and other exercise prescriptions, and consider increasing the 
number of types of games.

CONCLUSION

This study examined the safety and effectiveness of a VR exercise therapy system developed 
for healthy patients during dialysis. The safety was confirmed by the absence of VR sickness 
or discontinuation of the system. Exercise therapy using VR resulted in a higher exercise load. 
This VR system has the potential for more effective intradialytic exercises and hospital use.
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