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Virtual Reality Environments Reduce Somatic Pain and Affect 
Neurophysiological Activity  

Ryosuke Kasai 

  

The Ministry of Health, Labour, and Welfare has highlighted the need for new measures to 
reduce the pain experienced by patients in hospitals and other medical settings. At present, the 
common palliative care method involves prescribing pain medications. However, painkillers are 
costly and produce side effects. When assessing physiological responses to pain, it is necessary 
to consider both physical and psychological responses. It is also necessary to consider how the 
subjective perception of somatic pain interacts with neurophysiological responses to pain. 
Scholarly attention on the medical applications of virtual reality (VR) technology is increasing. 
Several studies have examined the body’s response to VR environments. However, little is known 
about how VR environments affect somatic pain sensitivity, or how VR-induced changes in 
somatic pain sensitivity are mirrored in the changes in the activity of the central or autonomic 
nervous system. 

Therefore, to gain insight into these matters, we quantitatively assessed whether VR imagery 
could reduce somatic pain. 

The first section provides a general introduction of the study, including a description of the pain 
mechanism and the mechanisms of brainwave and pulse wave. 

The second section concerns our experiment to see whether photoplethysmographic (PPG) 
pulse form can provide a quantitative measure of emotional stress under mental workload induced 
by audiovisual stimuli and motion. In this experiment, we examined how differences in the 
usability of a computer input device affect the level of autonomic nervous activity as measured 
by PPG. The experiment was conducted on 10 healthy individuals. Different levels of mental 
workload were induced using the trail making test, with three cursor speed settings. The 
participants’ PPG was measured while they undertook the test. The test included three tasks. Task 
1 required the participants to connect the targets with the cursor set at normal speed, while Tasks 
2 and 3 required them to connect the targets with the cursor set at the fastest and slowest speeds, 
respectively. Task 1 was designed to represent good usability, while Tasks 2 and 3 were designed 
to represent poor usability. Participants then completed a questionnaire to rate their perceived 
usability. The items measured in the PPG analysis were maximum amplitude and wavelength. 
The results of the questionnaire indicated that the participants’ perceived usability was low in 
Task 3 (slowest cursor speed). The results of the PPG analysis indicated that Task 3 triggered a 
high level of peripheral and central sympathetic nervous activity (activity in the torso). We 



 

 

 

concluded that slower cursor speeds induced more emotional stress in the participants, which was 
mirrored in the changes in the autonomic nervous activity. Thus, the results imply that PPG 
analysis can capture changes in the autonomic nervous activity that accompanies emotional stress. 

The third section concerns our experiment to see whether brainwave activity can provide a 
quantitative measure of emotional stress under mental workload induced by audiovisual stimuli 
and motion. The experiment was the same (we examined how differences in the usability of a 
computer input device affect the level of autonomic nervous activity in an experiment conducted 
on 10 healthy individuals), except that we used brainwave analysis. The mental workload was 
induced using the same trail making test as before, and brainwaves were measured while the 
participants undertook the test. The tasks in the test and the questionnaire for measuring perceived 
usability were the same as before. The items measured in the brainwave analysis included the rate 
of theta, alpha, and beta brainwaves, and the ratio of beta to alpha brainwaves. The results of the 
questionnaire indicated that the participants’ perceived usability was low in Task 3 (slowest cursor 
speed). The results of the brainwave analysis indicated that Task 3 was associated with higher 
rates of theta and beta brainwaves and a lower rate of alpha brainwaves. We concluded that slower 
cursor speeds induced greater emotional stress in the participants, which was mirrored in the 
changes in the central nervous system activity. Thus, the results imply that PPG analysis can 
capture changes in central nervous system activity that accompanies emotional stress. 

Section four describes an experiment wherein we examined how selective electrical stimulation 
of the somatic nervous system in VR environments affect the perception of electrical charges on 
the surface of the body, and how this is mirrored in the autonomic nervous activity, as measured 
using PPG. The experiment was conducted on 22 healthy individuals. An HTC Vive system was 
used as the VR device. A total of nine VR environments were used: three static environments, 
three unpleasant environments, and three pleasant environments. Participants’ PPG was measured 
at baseline and in each VR environment. Selective electrical stimulation of the somatic nervous 
system was measured using Pain Vision®PS-2100, a device for quantitatively analyzing 
perception and pain level. Two pain items were measured: minimum perceived current and pain-
equivalent current. The pain threshold was standardized as the amount of increase in pain-induced 
current perception against the minimum perceived current, with a painless state scaled at zero. 
The participants completed a questionnaire on their experienced pain and VR environments. From 
the results, we calculated the scores for subjective pain and subjective experience of VR 
environments. The results indicated that pain threshold and subjective pain scores were lower 
(less favorable) in unpleasant and pleasant VR environments than they were in static VR 
environments. When the participants experienced unpleasant or pleasant VR environments, 
sympathetic activity prevailed in peripheral (distal) arteries. When they experienced tranquil VR 
environments, central sympathetic activity (activity in the torso) was weak. The results suggest 
that VR immersion distracted the participants from pain and that the emotional stress triggered by 



 

 

 

the workload associated with the unpleasant or pleasant environments facilitated the participants’ 
descending pain inhibitory system, resulting in a lower pain threshold and less subjective pain. 
These findings, therefore, imply that immersion in VR environments and the accompanying 
unpleasant or pleasant emotional arousal may be effective in reducing somatic pain on the surface 
of the body. 

Section five concerns the same experiment wherein we examined how selective electrical 
stimulation of the somatic nervous system in VR environments affect the perception of electric 
charges on the surface of the body, except that we used brainwave analysis to measure the 
resulting activity in the central nervous system. The experiment was conducted on 22 healthy 
individuals. We used the same VR device and VR environments as before. Participants’ 
brainwaves were measured at baseline and in each VR environment. As before, selective electrical 
stimulation of the somatic nervous system was measured using Pain Vision®PS-2100, and two 
pain items were measured: minimum perceived current and pain-equivalent current. In this 
experiment, the pain threshold was standardized as pain-equivalent current divided by the current 
perception threshold. To assess subjective pain, we asked participants to complete a questionnaire 
on their experienced pain and a survey on their experienced emotional arousal. From the results, 
we calculated the scores for subjective relative pain and emotional arousal. In the brainwave 
analysis, we measured the rate of theta, alpha, and beta brainwaves. The results indicated that 
quantitative and subjective pain was lower (less favorable) in unpleasant and pleasant VR 
environments than they were in static VR environments. The rate of theta brainwaves did not 
differ significantly between each VR environment. The rate of alpha brainwaves was lower in 
unpleasant VR environments, while the rate of beta brainwaves was higher in unpleasant and 
pleasant VR environments. Similar to before, these results suggest that VR immersion distracted 
the participants from pain and that the emotional stress triggered by the workload associated with 
the unpleasant or pleasant environments facilitated the participants’ descending pain inhibitory 
system, resulting in a lower pain threshold and less subjective relative pain. Again, these findings 
imply that immersion in VR environments and the accompanying unpleasant or pleasant 
emotional arousal may be effective in reducing somatic pain on the surface of the body. 

The sixth section presents a summary and describes the research outlook. Our findings provide 
objective evidence that VR environments can mitigate somatic pain. However, we also observed 
that this pain-relieving effect depends on the type of VR environment. In summary, we found that 
unpleasant and pleasant VR environments can reduce somatic pain. 

This thesis is valuable in that it demonstrated the pain-reducing effects of VR environments 
using objective evidence, specifically, the activity in the autonomic and central nervous system.
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