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Abstract. Researchers have shown that immersive Virtual Reality (VR) can serve 
as an unusually powerful pain control technique. However, research assessing the 
reported symptoms and negative effects of VR systems indicate that it is important 
to ascertain if these symptoms arise from the use of particular VR display devices, 
particularly for users who are deemed “at risk,” such as chronic pain patients 
Moreover, these patients have specific and often complex needs and requirements, 
and because basic issues such as ‘comfort’ may trigger anxiety or panic attacks, it 
is important to examine basic questions of the feasibility of using VR displays. 
Therefore, this repeated-measured experiment was conducted with two VR 
displays: the Oculus Rift’s head-mounted display (HMD) and Firsthand 
Technologies’ immersive desktop display, DeepStream3D. The characteristics of 
these immersive desktop displays differ: one is worn, enabling patients to move 
their heads, while the other is peered into, allowing less head movement. To assess 
the severity of physical discomforts, 20 chronic pain patients tried both displays 
while watching a VR pain management demo in clinical settings. Results indicated 
that participants experienced higher levels of Simulator Sickness using the Oculus 
Rift HMD. However, results also indicated other preferences of the two VR 
displays among patients, including physical comfort levels and a sense of 
immersion. Few studies have been conducted that compare usability of specific 
VR devices specifically with chronic pain patients using a therapeutic virtual 
environment in pain clinics. Thus, the results may help clinicians and researchers 
to choose the most appropriate VR displays for chronic pain patients and guide VR 
designers to enhance the usability of VR displays for long-term pain management 
interventions. 
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1. Introduction  

Hoffman et al. convincingly demonstrated that immersive Virtual Reality (VR) can be 
used as a powerful pain control technique and tool for patients to manage and alleviate 
their acute or short-term pain [2]. The researchers attribute VR’s efficacy to its ability 
to attract patients’ attention into computer-generated virtual environments (VE) [1]; 
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thus VR functions as a form of pain distraction. Although immersive VR has many 
advantages, such as assisting users with acute pain control, Nelson et al. [3] found that 
many technological challenges emerged regarding aspects of helmet fit and discomfort, 
field of view (FOV) limitations, suboptimal screen resolution, motion sickness, and 
varied senses of immersion in virtual environments (VEs). These challenges may be 
more important for certain users, such as those who live with long-term chronic pain. 

Chronic pain is defined as pain that persists after six months and is thought to be a 
malfunction of the pain response system, which functions in a state of hyperexcitability 
for reasons yet unknown [12]. Because chronic pain persists from months or years to a 
lifetime, patients often develop related conditions or sequelae such as skin sensitivity 
(allodynia), complex regional pain syndromes (CRPS), proprioception sensitivity and 
other perceptual anomalies [ibid.] — VR displays may exacerbate these. Nonetheless, 
because there are so few studies on the subject, if VR displays exacerbate chronic pain 
sequelae or to what degree they might is so far unknown. Moreover, wearing VR 
devices such as a head-mounted display (HMD) may cause physical discomfort not 
only for patients but for non-patients as well; this is evident in the commonly observed 
aspect of motion sickness associated with VR displays [4].  

It is important to understand that chronic pain is a complex disorder not easily 
explained by strictly physical mechanisms; therefore, pain researchers often take 
biopsychosocial approaches to chronic pain treatment and research [14]. For non-
experts, some of the sequelae that evolve in chronic pain patients may appear to to be 
emotional, such as depression, anxiety and panic disorders. Other sequelae, however, 
are difficult to distinguish as strictly physical or emotional, such as insomnia, 
kinesiophobia and cognitive impairment. In either case, many chronic pain patients 
(hereafter referred to as “patients”) have more than one sequelae, or a complexity of 
multiple sequelae that influence each other. Crucially, a great deal of caution must be 
exercised in such studies that may render them beyond “minimal risk.” For example, 
“simple discomfort” induced by some VR displays may provoke anxiety or panic 
attacks in patients; as an extreme example, this may “cascade” into catastrophization by 
a patient of their pain even after a VR experience has ended. Therefore, what kind of 
VR displays may cause extra physical discomfort and motion sickness needs to be clear, 
particularly regarding characteristics that may trigger panic attacks.  

Although researchers have conducted experiments that compare different VR 
displays since the 1990s, more recent developments in HMD hardware mean that these 
studies of newer VR displays are far more pertinent.  Moreover, participants in more 
recent studies have been primarily non-patients. In studies specifically about VR and 
pain, the majority of their focus has been on acute pain, that is, pain that has an 
expected time of cessation when healing occurs. In addition, the severity of symptoms 
associated with immersive VEs that were developed for medical applications was 
rarely investigated in-depth, or conducted over several months. 

In Santos’ et al. [5] user study, researchers investigated the differences between a 
VR HMD and a traditional desktop display. In this experiment, the displays were 
compared by assessing the user’s performance of navigational tasks in a game scenario 
over a short period of time. The results showed that users performed better with the 
desktop display; however, they were generally satisfied with the VR display system. 
Similarly, Deisinger et al. [6] conducted an experiment that compared users who 
engaged with an interactive environment via one of three displays: a personal computer 
monitor, an HMD and a screen-based projection. They found that the screen-based 
projection provided participants the best sense of immersion compared to the HMD. 



Furthermore, the computer monitor also had a higher acceptance rating. In these studies, 
user performance and users’ reports of a sense of presence were used as main 
determinants of the display comparisons. However, the negative effects of the VR 
displays were not surveyed and the stereoscopic display was not an immersive VR 
display. 

Sharples’ [4] experiment focused on simulator sickness and several displays — a 
VR HMD, desktop display, non-stereoscopic reality theater and projection system. The 
researchers concluded that higher levels of symptoms were reported for the HMD 
compared to the other three displays. They collected data by conducting three 
experiments in four VR display conditions using the Virtual Factory VE to assess 
symptoms. Although they compared the HMD with both immersive and non-immersive 
VR displays, the context of use was not related to a medical treatment per se. Rather, 
this study was designed to compare the physical discomfort of patients who used two 
different types of immersive VR displays with a pain management VE. 

This paper presents the results of an experiment its researchers designed to address 
the issues of HMD usability and feasibility for chronic pain patients more directly. This 
paper mainly focused on simulator sickness and the physical comfort of patients rather 
than on a sense of presence and immersion per se. This is because if a patient cannot 
tolerate a VR display at all, the questions of immersion and presence are moot. 
Therefore, the aim was to understand the type of physical comfort that VR displays 
may induce in chronic pain patients and how much motion sickness patients may 
experience and tolerate. These are important for designing VR systems for managing 
chronic pain. Further, less attention is paid to patients’ experience with VR displays 
physical comfort regardless of many applications were designed for pain management. 
Therefore, in this paper, we concentrate on the usability and user experience in two 
major types of VR displays. 

In this first experiment in a series of clinical research studies, the usability and user 
experience of two very different VR displays were examined in order to discover if one 
was likely to be more suitable for chronic pain patients, and to examine specific 
characteristics of each display. Thus, the research questions were: (1) how the 
evaluations of chronic pain (CP) patients’ discomfort may vary according to the two 
display types; (2) if one of the displays was a better fit with the pain management VE. 
From characteristics of the two displays, the immersive desktop display was 
hypothesized to be more comfortable and a better fit with the pain management VE for 
the CP patient group. The results show patients’ evaluations of motion sickness of both 
VR displays. In the discussion, we examine design implications based on the results of 
the quantitative study and the patients’ qualitative feedback. We believe our findings 
may be able to help clinicians to better choose and researchers to design and develop 
appropriate VR displays specifically for chronic pain patients, so that the usability of 
VR displays may be enhanced for chronic pain patients and for pain management 
interventions. 

2. Methodology and the Study  

2.1. Virtual Environment: Mindfulness Meditation for Pain Self-modulation 

To study VR displays, an immersive virtual environment needs to be presented that 
provides converging visual sensations; according to most VR researchers, such a VE 



should be a complex “real” environment [8]. The Virtual Meditative Walk (VMW) is 
such an immersive VE; it was developed specifically to help chronic pain patients learn 
to manage their pain. This virtual environment was originally developed as a VE [9] 
that engaged the participants in a walking form of meditation. The virtual environment 
is composed of a forest, blue sky, small ponds and mountains.. The users’ camera view 
is constrained to a path, and moves forward along it slowly, consistent with the slow 
pace recommended for walking meditation. Figure 1 shows a view of the Virtual 
Meditative Walk. Although the VMW was designed as a 20-minute intervention, in this 
study, participants were asked to participate in the VE for 10 minutes at the behest of 
the pain physician. This is because a number of patients have trouble sitting for 20 
minutes, plus the 10 minutes required for obtaining patients’ informed consent.  

2.2. Participants 

The twenty patients (seven male thirteen female) who participated in this study range in 
age from 20 to 70 years. All were recruited in a pain clinic and had a diagnosis of 
chronic pain. Convenience sampling was used to select the participants. All 
experiments conducted with the VMW VE had ethics approval. Care was taken to 
ensure that any participants were given the opportunity to rest and return to their 
normal state of health if they showed or reported symptoms that might interfere with 
their subsequent behavior. Participants were also required to sign a consent form 
stating that any symptoms they experienced during the experiment had subsided before 
they left the clinic. Table 1 shows the basic technical specifications of the 
DeepStream3D display and the Oculus Rift HMD. The DeepStream3D immersive 
desktop display is a device that transforms a desktop stand into a personal wide-screen 
3D theater (85 degrees diagonal). It can be viewed with a laptop (a Mac Pro with 
retinal display in the study), and flexible arm (Figure 2), or counter-weighted. Oculus 
Rift’s HMD provides 360° head tracking which allows users to look around the virtual 
world, and users’ head movements are tracked in real-time (Figure 3). 
In the VMW, the participants move along a fixed rail in the VE in both conditions, and 
they cannot control where they go; that is, they cannot deviate from the path. With the 
Oculus Rift HMD, participants can look around via their head movement, whereas with 
the DeepStream display, they can use the mouse to control where they look. 

 
Figure 1. The Virtual Meditative Walk (VMW), a virtual environment designed specifically for chronic pain 
patients. The light fog indicates the arousal of patients via GSR data. As patients listed to the narrated MBSR 

training and consequently learned to reduce their arousal levels, the fog correspondingly dissipates. 



2.3. Procedure 

Before the experiment began, a brief introduction to the study was given to participants, 
along with information about informed consent. Two participant groups were created 
which were roughly matched regarding age and gender. First, patients were asked to 
use one VR display as they watched (appeared to walk on the path in) the VMW for 10 
minutes while sitting as comfortably as they could on a padded armchair. Following 
this first condition, patients filled in a questionnaire about their experience. After a 5-
minute washout period, participants then used the other VR display and watched the 
same demo again. After the second condition, patients filled in the questionnaire that 
had the same questions as the first questionnaire. 

        
Figure 2. (left) In the DeepStream3D Stereoscopic Desktop Display, patients look through an eye-piece. 

Figure 3. (right) For the Oculus Rift HMD, chronic pain patients wear the HMD, which completely occludes 
their vision. 

2.4. Instruments 

The data of each participant was collected from the two questionnaires. Following each 
of the two tests, participants filled in a questionnaire about their experience. The first 
16 questions regarding motion sickness came from the Simulator Sickness 
Questionnaire (SSQ) [10]. Questions covered general discomfort, fatigue, headache, 
eyestrain, difficulty focusing, increased salivation, sweating, nausea, difficulty 
concentrating, fullness of head, blurred vision, dizzy with eyes open, dizzy with eyes 
closed, vertigo, stomach awareness and burping. The SSQ was calculated based on 
three components: nausea, oculomotor problems and disorientation. The data were self-
reported ratings given by participants about their experience regarding their discomfort 
level in each VR display (FOV, screen resolution, weight of the HMD, and tightness of 
the HMD) in a 11-scaled Likert table (from a score of 0 “not at all” to a score of 10 
“very much”). 
 
Table 1. Technical specifications of the Oculus Rift HMD and the DeepStream3D display. 

Technical Specifications DeepStream3D Display Oculus Rift HMD 
Screen Resolution/per eye 2600*900 640*800 

Field of View/horizontal 85 110 
Field of View/vertical 90 90 

Weight Table-mounted 469g 
Tightness No tightness Adjustable 



3. Results 

The type of VR display was one repeated-measured independent variable (to ensure 
that every participant was exposed to all conditions). In order to check whether the first 
display had an effect on the results of the second one, the sequence of VR displays was 
the second independent variable. The study was measured within-subjects, so a two-
way mixed ANOVA was run to analyze the data.  

From the study results, it is evident that there was a general predominance of 
oculomotor and disorientation symptoms that occurred in the HMD. The oculomotor 
symptom was dominant compared to nausea and disorientation symptoms. Overall, the 
HMD provoked more motion sickness and physical discomfort in the VMW virtual 
environment. The HMD had a significantly higher SSQ values than the desktop display, 
F(1, 18) = 7.45, p = .014, r = .63. This indicates that participants’ motion sickness from 
the HMD was significantly higher than they experienced in the immersive desktop 
display. The main effect of the displays’ sequences over SSQ values were non-
significant, F(1, 18) = 2.18, p = 0.827, r = .53. The interaction effect of VR displays 
and sequences for SSQ total were also non-significant, F(1, 18) = 1.45, p = .244, r = .80. 

In a prior study that used the same SSQ questionnaire, researchers found that 
claustrophobic participants reported a significantly higher score on the SSQ in VR 
settings (Mean = 60.81, SD = 43.47), than all other phobias (arachnophobia = 35.42, 
SD = 27.25; acrophobia= 33.04, SD = 29.4; aviophobia = 27.81, SD = 28.34) [13]. But 
those participants did not have (or report) any chronic or acute pain. In our study, 
patients report a similar extent of motion sickness (55.72) compared to the prior study 
(60.81). This means our participants felt motion sickness as a discomfort level with the 
Oculus Rift display. However, the SSQ value of the DeepStream display is 43.01, 
which indicates a significant difference from the Oculus Rift. Therefore, this in turn 
suggests that the motion sickness level of the DeepStream is at a level that patients feel 
comfortable with. 

 
Table 2. Mean and SD values of Oculomotor, Nausea, Disorientation and SSQ evaluations from patients 
using both the Oculus Rift HMD and the DeepStream3D stereoscopic display.  

M (SD) Oculomotor Nausea Disorientation SSQ Value 

Oculus Rift  47 (24.83) 33.87 (12.33) 71.69 (32.86) 55.72 (18.81) 

Deepstream 31.69 (14.9) 21.47 (9.04) 52.2 (27.2) 43.01 (7.08) 

 
In addition, from the self-reported questionnaire, it can be concluded that the 

patients enjoyed the experience of a larger FOV afforded by the HMD (M = 6.75, SD = 
2.42) than the stereoscopic desktop display (M = 5.35, SD = 2.37). Further, the HMD 
made participants feel slight discomfort because of its weight (M = 3.50, SD = 3.62) 
and tightness (M = 2.60, SD = 3.55), whereas the immersive desktop display had no 
reported discomfort regarding the device per se at all. 

4. Conclusion 

The study provides a direct comparison of the effects experienced by chronic pain 
patients who used two different types of VR displays. Prior research [2] [3] revealed 
that participants experienced significantly different motion-sickness levels with an 
HMD; thus, the same hypothesis was made in our study. Findings from our study 



demonstrates negative symptoms, which were in accord with the results in [2] – that is, 
participants felt a higher level of simulator sickness in the HMD condition. Although 
motion sickness effects were also experienced in the stereoscopic desktop condition, it 
appeared far less frequently than in the HMD. Those results with significant differences 
verified the hypothesis and also indicated that stereoscopic desktop displays should be 
taken into consideration when designing Virtual Reality for patients.  

In addition, in the follow up conversations with participants, some said that they 
also enjoyed the HMD’s stereoscopic 3D environment because they preferred to have 
the larger FOV, felt much more flexible in moving their bodies in certain spatial ranges 
and did not need to sit straight for a period of time. As one participant said upon 
reflection, “If I was comparing, it would be the Oculus hands down for me. I would say 
that ... 90 percent of it was disappearing into the experience. I felt weightless, in a 
different universe, like it was taking me above ground. Being able to meditate took it to 
the nth degree. What a tool to help people...” The physical discomfort from the HMD’s 
weight and tightness was small and not so severe that it prohibited exploration in the 
VE. Its vivid simulation of the real world also excited the participants, and seemed to 
attract more of their attention to the computer-generated VR world compared to the 
DeepStream3D display. Another participant commented, “I feel like I am flying, it is 
incredible. It is total immersion. The physical sensation I have is high, happy, (and) 
light.”  

The number of participants in this initial study was small, and did not include 
patients who exhibited or reported sequelae such as claustrophobia, allodynia (a skin 
sensitivity), or more severe manifestations of chronic pain, such as CRPS, all of which 
would make an HMD not feasible. Next, the stereoscopic display was mounted to a 
desk with a gooseneck, so while participants could move it to some degree, it was fairly 
restricted, compared to the other mounting mechanisms that the display has on offer. 
Moreover, while we did account for FOV, we did not account for the difference in 
optical resolution between the two VR displays. Most importantly, we did not measure 
the use of either display over longer periods of time, or with some repeated frequency. 
Both of these aspects would be important for the longitudinal study we have planned 
with the Virtual Meditative Walk.  

VR is still a developing technology, and the manufacturers of both of the VR 
displays used in this study plan to release new versions soon. Nonetheless, in 
conclusion, the usability comparison between two VR displays reported in this paper 
suggests possible ways to improve the design and deployment of VR devices in order 
to reduce physical discomfort, especially for pain patients. In addition, the possible 
consequences of the simulation sickness or physical discomforts induced by HMDs that 
are used by chronic pain patients may help other researchers use additional caution, and 
may therefore help prevent otherwise unforeseen negative consequences for chronic 
pain patients who use immersive VR displays. 
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