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Abstract. As a consequence of prolonged muscle contraction, acute pain arises
during exercise due to a build-up of noxious biochemicals in and around the
muscle. Specific visual cues, e.g., the size of the object in weight lifting exer-
cises, may reduce acute pain experienced during exercise. In this study, we ex-
amined how Virtual Reality (VR) can facilitate this “material-weight illusion”,
influencing perception of task difficulty, which may reduce perceived pain. We
found that when vision understated the real weight, the time to exhaustion was
2 minutes longer. Furthermore, participants’ heart rate was significantly lower
by 5-7 bpm in the understated session. We concluded that visual-proprioceptive
information modulated the individual’s willingness to continue to exercise for
longer, primarily by reducing the intensity of negative perceptions of pain and
effort associated with exercise. This result could inform the design of VR aimed
at increasing the level of physical activity and thus a healthier lifestyle.

Keywords. Pain, Exercise - Virtual Reality - Material-Weight Illusions - Body
Representation.

1 Introduction

Exercise is essential in helping to maintain and improve a healthy way of living, but
intense or prolonged exercise can cause a degree of discomfort and pain. The Interna-
tional Association for the Study of Pain (IASP) [1] defines pain as “an unpleasant
sensory and emotional experience associated with actual or potential tissue damage”,
which suggests that pain has both a nociceptive and subjective element to its percep-
tion. Therefore, whilst the sensory signal of pain for a given exercise intensi-
ty/duration is unavoidable, the intensity of pain that someone consciously experiences
may not always be the same.



Pain has an important role in protecting the body from damaging stimuli through
avoidance behavior, and so pain during exercise may influence decision making that
either results in the individual reducing the exercise intensity (so that pain is reduced),
or withdrawing from the exercise entirely [2]. In either scenario, this could have nega-
tive consequences for the individual’s physical activity level and/or training stimulus.
If pain perception could be offset during exercise, this could result in individuals hav-
ing an increased willingness to either increase their exercise intensity or continue
exercise for a longer period of time. This would potentially result in an increased level
of physical activity and thus a healthier lifestyle.

A number of studies have used brain-imaging approaches to examine if pain expec-
tations are associated with concomitant changes in nociceptive circuitry. Some studies
have looked into the relationship between expectations and pain experience. Interest-
ingly, it has been found that expectations about a painful stimulus can profoundly
influence the brain and pain perception [3]. This suggests that pain expectations can
influence neurobiological responses to noxious stimuli. Therefore, mental representa-
tions of an impending painful sensory event can shape neural processes that result in
an actual painful sensory experience or moderate perception of the nociceptive stimu-
lus [3,4,5].

It has been shown that individuals initially apply force to lift an object based on the
visual material properties, e.g., the size [6,7]. Consequently, the object size is im-
portant to shape material expectations, which are used to produce target force. The
perception of object weight is usually based on memory-driven expectations [8]
which are termed “material-weight illusions” (MWI) [9] and may be also responsible
for providing expectations of task difficulty and consequently the expected pain per-
ception arising from the subsequent muscle force requirement. Therefore, moderating
the expectation (by deception of object size) of the difficulty of an exercise task may
affect the subsequent pain perception caused by it.

1.1  Virtual Reality and Pain Management

VR is a technology that allows users to experience a computer-simulated reality based
on visual cues, enhanced with auditory, tactile and olfactory interactions. The system
provides the user with an overall illusion of different senses and creates an immersive
experience [10]. Indeed, a range of studies have explored clinical uses of VR, includ-
ing pain management, physical rehabilitation and psychotherapy [11,12,13]. In recent
years, low cost consumer-facing immersive VR systems have become widely availa-
ble (e.g., Google Cardboard, Gear VR, Oculus Rift!). These affordable immersive VR
technologies provide us with feasible solutions, which could be used in a range of real
world settings, including homes, sport centers, hospitals, etc [14].

Whilst a variety of pharmacological analgesics and psychological methods have
been used as medical treatments for pain among patients. Research in the past decades
has suggested that VR technology could provide an alternative solution to pain man-
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agement [10,11,12,13]. For instance, VR can allow a patient to concentrate on the
virtual experience, thus distracting him/herself from the perception of nociceptive
signals, and pain [15].

These studies suggest that distraction strategy using VR is a common and success-
ful treatment of pain, with most predominantly focused on pain from burn injury (and
thermal stimuli-induced pain) and the analgesic effect of distraction via VR
[16,17,18,19,20]. However, more recent studies using an Altered Visual Feedback
strategy (AVF) suggests an alternative approach to pain management, which may be
more appropriate for pain caused by physical movement [21,22,23].

1.2 Virtual Reality and Altered Visual Feedback strategy

Previous studies have used VR and AVF to treat kinesiophobia - a fear of movement.
It more frequently occurs in patients with chronic pain and can lead to a reduction in
physical activity. In a study by Bolete, et. al. [21], a virtual basketball arena was used
to help people overcome kinesiophobia. The participants were located in the centre of
the virtual arena and performed a virtual basketball catching task based on their body
rotation. The participants stood still on the ground and small manipulations were ap-
plied to the visual feedback to alter the way the neck, back and hip contributed to the
catching rotation. It was shown that VR enabled the participants to increase their
range of motion.

In addition, altered visual cues were also used to examine pain caused by neck
movement [23]. In this study, patients with chronic neck pain were asked to rotate
their heads. However, the visual feedback of the rotation via VR was manipulated to
overstate or understate the real rotation by 20% more or less of the actual movement.
The results revealed that altered visual feedback might increase or decrease the pain
perception based on the visual proprioceptive feedback. These results [21], [23]
showed that AVF increased movement amplitudes in participants with chronic
back/neck pain.

However, there were some limitations in these studies [21], [23]. First, the visual
feedback manipulation of both studies was small (e.g., up to 20%). There is a need to
conduct an experiment that will clearly manipulate the visual feedback of the partici-
pant (e.g., 50%), in order to be able to identify clearly the effect of AVF strategy. In
addition, both studies examined if the participants overcame kinesiophobia and rotat-
ed their neck, back and hip a bit more because of the visual manipulation. However,
whilst an improved range of movement may benefit some patients in terms of engag-
ing in physical activity, it does not necessarily mean they could exercise for longer
and therefore acquire a greater training stimulus. As a result, there is a need to con-
duct an experiment that will address the effect of AVF on how well a participant can
tolerate a given level of exercise intensity. By asking participants to perform a static
exercise task with and without employing AVF strategy, we are able to more accu-
rately explore how AVF may moderate the naturally occurring pain during exercise.
In pilot testing conducted in our laboratory, we established that the appearance of a
20% smaller/larger weight was difficult to distinguish, whereas a 50% difference in



the visual appearance of a weight created a more obvious distinction between the
conditions.

In conclusion, although positive results were found in using VR and AVF to man-
age kinesiophobia and chronic pain, little has been done to study the use of VR for
reducing the naturally occurring pain experienced during strenuous exercise. In this
study, we aim to investigate how VR and AVF strategy may affect the perception of
exercise-induced pain (EIP) among healthy people. In particular, using a low-cost VR
technology, we aim to examine how our material expectations influence our percep-
tion of task difficulty and our exercise performance. We also aim to investigate how
visual cues may influence the level of pain and discomfort caused by an exhaustive
muscle contraction. To examine this, we changed people’s expectations of exercise by
deceiving them about the size of a weight lifted using VR visual stimulation. In par-
ticular, we test the following hypotheses:

H1: Altered Visual Feedback strategy in Virtual Reality will influence perception
of task difficulty during exercise.

H2: Altered Visual Feedback strategy in Virtual Reality will influence endurance
performance during exercise.

H3: Altered Visual Feedback strategy in Virtual Reality will affect pain experi-
enced during exercise.

2 Materials and Methods

2.1  Participants

Thirty healthy participants (males = 16 and females = 14), aged between 24 to 45
years (M= 35.60, SD = 7.05) participated in this the study. Participants’ 1RM (one
repetition maximum, i.e. the heaviest weight they could lift) for 180 degrees of domi-
nant arm elbow flexion ranged from 4 to 25 kg (M = 13.92, SD = 5.77). 56% of the
participants did not do any resistance exercise training and 33% did not do any aero-
bic training during the week. Overall, they had a weakly mean workout time of 4
hours. All participants had normal or corrected to normal vision and no disability in
their hand, arm, shoulder, neck, back or another area that could affect their perfor-
mance of the exercise task. All participants had no history of any cardiovascular,
mental or brain disorders or were taking any chronic medications that affect the cen-
tral nervous system.

2.2 Ethics

The study was approved by University of Kent SSES Research Ethics & Advisory
Group (ref. Prop. 112_2015_2016). All participants signed a consent form prior to the
study and the study was performed in accordance with the Declaration of Helsinki.



2.3  Procedure

The experiment required the participant to pay four separate visits to the laboratory.
The first visit involved the calculation of the 1RM and the VR familiarization session,
whilst the second, third and fourth visit involved a Control and two VR intervention
sessions.

Phase 1.

On the first day of the experiment, we calculated the 1RM of each participant. The
participants stood with their back straight against a wall, with their elbow and wrist
joint at a 180° angle. Participants were asked to bicep curl a dumbbell weight through
a full range of motion (180°-full flexion-180°) (fig. 1). Then, weights were added to
the dumbbell until the participant could no longer perform a bicep curl through the
full range of motion. The heaviest weight the participant was able to lift was set as
their LRM. From the 1RM, a weight of 20% was calculated and set as their baseline
weight:

Baseline Weight (kg) = 1RM * 20
100

The participants then rested for 10 minutes and moved on to the VR familiariza-
tion.

During VR familiarization, the participants sat on a chair with their elbow rested
on a table in front of them. A yoga mat was placed under their elbow to ensure that
the position was comfortable. With their elbow at an angle of 90° flexion, and their
wrist joint 20 cm above the table surface, the participants were instructed to hold their
Baseline Weight in an isometric contraction for as long as they could (fig. 1). A Sam-
sung Galaxy Gear! head mounted VR was placed on the participants’ head, where
they saw their virtual body sitting on a virtual chair in a neutral room. In the virtual
room, there was a virtual table with a yoga mat on it, imitating the real environment.
The participant’s hand held the weight in the 90° position in VR (fig. 2). No other
elements were added to the virtual room since different environmental factors may
distract the participant. The VR was connected with a Microsoft band, so as to record
the movement of the participant’s hand. Once the participant were familiarized with
the Virtual Environment (VE), we then placed the dumbbell in the participant’s hand
and asked him/her to lift it and keep his/her hand in the isometric position. The partic-
ipants did not see the real weight before VR experience.




Fig. 1. To the left: Bicep curl 180°-full flexion-180°. To the right: Bicep curl Isometric Position.

Apparatus.

The VR system was developed using Unity3D 5 to work with Samsung Gear VR
and Samsung Galaxy S6 phone. The 3D models (human upper body, the virtual room
and barbells) (fig. 2) were created in Maya version 2016. The system we developed
allows the researchers to customize the VR scenarios, including the gender of the
human body, dominant hand, skin colors, colors of the t-shirt, and the weights of the
barbells. In order to create a sense of embodiment, we used Microsoft Band’s gyro-
scope? to animate the virtual arm, reflecting the movement of participant's arm (rota-
tion X and Y).

Fig. 2. Human 3D model — user’s perception.

During the VR familiarization exercise, the following data were collected:

e Heart Rate (HR), was recorded continuously with a telemetric device (Polar Elec-
tro, N2965, Finland). Heart Rate is a continuous physiological signal, which allows
us to record physiological changes and correlations between exercise intensity. It is
an objective measurement, recommended to ensure an inclusive approach whilst
conducting clinical pain experiments [24,25].

e Time to Exhaustion (TTE), was measured based on the amount of time the partici-
pants spent holding the weight. Time to occurrence of pain has been previously as-
sessed during a continuous induced pain task [26,27,28]. A time to exhaustion task,
together with parallel measures of exercise-induced pain (EIP) has been previously
used to assess the effect of EIP of exercise performance [29].

2 http://www.dyadica.co.uk/controlling-virtual-experiences-using-biometrics/



e Pain Intensity (PIR), was assessed during the exercise task using the 1-10 Cook
Scale [30]. Participants’ perceived pain was reported for every minute during the
exercise task.

e Rating of Perceived Exertion (RPE), was assessed during the exercise task using
the 6-20 Scale [31]. Participants’ perception of effort (defined as the sensation of
how hard they are driving their arm in order to maintain the muscle contraction)
was recorded for every minute elapsed during the exercise task.

After the familiarization session, a questionnaire was given to the participants in order
to rate their sense of Presence in the VR (e.g. in the computer generated world, | had
the sense of “being there”) , the sense of Hand Ownership (e.g. I had the feeling that
the hand in the VR glasses is my hand; It felt like I was looking directly at my hand
rather than at a fake hand; It felt like the hand | was looking at was my hand), their
Comfort (e.g. how comfortable did you find the set up (lift the weight) through the
VR glasses) and Motivation (e.g. could you imagine motivating yourself to use the
VR glasses to exercise everyday for 10 minutes™). Participants rated their statements
on a 7-point Likert scale anchored ‘“Not at all’” and ““Very much’’.

Phase 2.

In the second, third and fourth day, the participant came to the lab believing that
they would do the same exercise again in three separate sessions. There was a control
session which was exactly the same as the familiarization session. However, in the
two other sessions, we modified the VR visual feedback, unbeknownst to the partici-
pants. Specifically, the visual weight as presented in the VR, understated or overstated
the real weight by 50% more or less than the control session (Fig. 3). The real weight
that was actually lifted remained the same in all three sessions. The three sessions
were carried out in a counterbalanced design, to reduce the changes of the order of the
sessions adversely influencing the results. At the end of the experiment, we asked if
the participant was able to identify a difference between the three sessions, and if they
were what the difference was.

Fig. 3. The depicted images represent the three sessions in this order: Understated — Control —
Overstated.

The same data (pain related and VR related measurements) were collected during all
the sessions.



3 Results

3.1 Pain Measurements

Heart Rate (HR).

To investigate whether there was a difference between the participants overall
mean HR in the three sessions, an ANOVA with repeated measures followed by Bon-
ferroni post hoc test was conducted. The analysis revealed a significant difference
between HR during the three sessions (F = 14.73, df = 2, 58, p <.001). Post hoc tests
using the Bonferroni correction revealed that there was a significant difference be-
tween the mean HR in the Understate session (M = 74.07, SD = 8.58), and the Control
session (M = 80.93, SD = 10.50). There was also a significant difference between the
Understate (M = 74.07, SD = 8.58) and the Overstate session (M = 79.73, SD =
11.21) (fig. 4).

05
90
8§35
= 80 P
g::d 75 ~l
70
65
60
Control Understate Overstate

Fig. 4. Mean HR during the three sessions.

Additional analysis was conducted to investigate whether there was a difference be-
tween the participants HR in the three sessions based on the ISO time (ISOtime = 3
min), which is the shortest time to exhaustion across all subjects in all conditions.

The analysis showed a significant difference for the HR during the three sessions at
the first three minutes (1ISO time) (F = 15.37, df = 2, 58, p <.001). Post-hoc paired
comparisons with Bonferroni corrections indicated that the mean HR in the understate
session (M =72.29, SD =3.04) was significantly lower in comparison to control (M =
79.34, SD = 2.00) and overstate (M = 77.97, SD = 2.22) sessions.

There was also a significant difference for the HR and the 1SOtime (F = 15.89, df =
1.47, 42.70, p <.001 with Greenhouse-Geisser correction). Post hoc tests using the
Bonferroni correction revealed that there was a significant difference between the first



(M =75.24 , SD = 11.81), and the third (M = 77.84, SD = 10.61) minute. There was
also a significant difference between the second (M = 76.51, SD = 10.87) and the
third (M = 77.84, SD = 10.61) minute.

Time to Exhaustion (TTE).

To investigate whether there was a difference between the participants Time to Ex-
haustion (TTE) in the three sessions, an ANOVA with repeated measures followed by
Bonferroni post hoc test was conducted. The analysis revealed a significant difference
for the TTE during the three sessions (F = 23.50, df = 1.60, 46.33, p =.000 with
Greenhouse-Geisser correction). Post-hoc paired comparisons with Bonferroni correc-
tions indicated that the mean TTE in the understate session (M = 7.45, SD = 3.15)
was significantly longer than during the control (M = 5.46, SD = 2.25) and the over-
stated (M =5.47, SD = 2.46) sessions.

During the understate session, the minimum time to exhaustion a participant lasted
was 3.29 minutes and the maximum was 13.21 minutes. The minimum time to ex-
haustion for the control session was 2.59 minutes and the maximum was 8.11
minutes, similarly, during the overstate session the minimum time to exhaustion was
3.03 minutes and the maximum was 7.50 minutes.

Pain Intensity (PIR).

To investigate whether there was a difference between the Pain Intensity reported
by the participants in the three sessions for the ISO time (ISO time = 3), an ANOVA
with repeated measures followed by Bonferroni post hoc test was conducted. The
analysis revealed a significant difference for the Pain Intensity during the three ses-
sions for the first three minutes (F = 9.45, df = 2.65, 76.73, p = .000 with Greenhouse-
Geisser correction). Post-hoc paired comparisons with Bonferroni corrections indicat-
ed that the mean Pain Intensity in the understate session at each minute (Mminl = .65,
SD =.93), (Mmin2 = 1.78, SD = 1.84), (Mmin3 = 3.30, SD = 2.18) was significantly
lower than the control (Mminl = 1.23, SD = .88), (Mmin2 = 2.93, SD =1.70),
(Mmin3 = 4.92, SD =2.30) and the overstate conditions (Mminl = 1.48, SD = 0.98),
(Mmin2 = 3.40, SD = 1.49), (Mmin3 = 5.48, SD = 2.17) sessions (fig. 5).
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Fig. 5. Mean Pain Intensity rates for three sessions, for each ISO minute.

Rating of Perceived Exertion (RPE).

To investigate whether there was a difference between the Rating of Perceived Ex-
ertion (RPE) reported by the participants in the three sessions for ISO time (ISOtime
= 3), an ANOVA with repeated measures followed by Bonferroni post hoc test was
conducted. The analysis revealed a significant difference for the RPE during the three
sessions in the first three minutes (F = 4.56, df = 4, 116, p < .005). Post-hoc paired
comparisons with Bonferroni corrections indicated that the mean RPE in the under-
state session at each minute point was (Mminl = 7.30, SD = 1.70), (Mmin2 = 9.13,
SD = 2.66), (Mmin3 = 11.53, SD = 2.76) significantly lower than the control (Mminl
=8.27, SD = 1.66), (Mmin2 = 10.97, SD =2.40), (Mmin3 = 13.83, SD =2.63) and the
overstated (Mminl = 8.93, SD = 1.93), (Mmin2 = 11.60, SD = 2.51), (Mmin3 =
14.13, SD = 2.66) session (fig. 6).
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Fig. 6. Mean number of Rating of Perceived Exertion for three sessions, for each 1SO minute.

3.2 Virtual Reality (VR)

Overall, our participants reported high rates of Immersion (> 3.5). Based on their
rating, our VR application produced a high degree of Presence, Hand Ownership and
Comfort. In addition, most participants reported that the VR application motivated
them positively.

Presence.

In both phases, participants reported high levels of presence. However, participants
reported slightly higher levels of presence during phase 1 (M =5.27, SD = 1.57) than
phase 2 (M =5.20, SD = 1.67).

Hand Ownership.

In both phases, participants reported moderate to high levels of hand ownership.
However, participants reported slightly higher levels of hand ownership during phase
2 (M =4.22, SD =1.61) than during phase 1 (M = 4.13, SD = 1.12).

Ratings of Comfort.

In both phases, participants reported high levels of comfort. However, participants
reported slightly higher levels of comfort during phase 2 (M = 6.13, SD = 1.96) than
during phase 1 (M =5.80, SD = 1.58).

Ratings on Motivation.



Finally, in both phases, participants reported high levels of motivation. However,
participants reported slightly higher levels of motivation during phase 2 (M = 5.30,
SD =1.93) than during phase 1 (M = 5.13, SD = 2.11).

Awareness of Visual Feedback Modification.

Six out of 30 participants reported that they were aware of the visual feedback
modification (e.g. they knew the physical weight was the same in all three conditions
in phase 2), which was a significant part of our sample (t (29) =24.23, p < 0.001). A
paired sample t test was used to compare the difference between TTE of individuals
who identified the modification and individuals who failed to identified it. Our results
showed significant differences on TTE between the individuals who identified the
visual feedback modification and the one who didn’t. Specifically, significant results
were reported during understate (t (28) =1.39, p < 0.05), control (t (28) =1.39, p <
0.005) and overstate (t (28) =1.35, p < 0.005) sessions (table 1).

Table 1. Mean RPE for the three sessions, based on the identification of the visual feedback
modification.

Mean Time Mean Time (min): Mean Time

(min): . Understate Session (min): Oyerstate
Control Session Session
Identified the visual . . .
feedback modification 06:59 09:23 07:07
Didn't identified the
visual feedback modifi- 05:28 07:21 05:27

cation

4 Discussion and Future Research

4.1  Discussion

The use of VR technology to influence individual perception is a relatively new ap-
proach to acute pain management. From our study, we found that VR through Altered
Visual Feedback strategy (AVF) interventions appeared to be very effective for this
sample of 24 to 45 year old adults of both genders.

H2 is accepted since the results demonstrated a significant increase in Time to Ex-
haustion (TTE) during the VR understate session in contrast to the control and over-
state sessions. Overall our participants lasted approximately two minutes longer dur-
ing the understate session in contrast to the control and overstate sessions. Interesting-
ly, during the understate session the maximum time to exhaustion was 13.21 minutes
which is in great contrast to the control and the overstate sessions, with an approxi-
mately five minute difference. Previous research found that mental and material rep-
resentations could shape the neural processes that result in an actual painful sensory
experience [3,4,5]. Therefore, with our study, we moderated the expectation of the



participant; by understating the visual feedback by 50%. This moderation might have
affected the subsequent pain perception caused by the exercise task. As a result, the
participant perceived less pain and therefore exercised for longer.

The effectiveness of VR and AVF was further highlighted by the lower HR during
the understate session. Our findings suggested that there was a significant difference,
which indicates that during the whole understate session the participants’ heart rate
was significantly lower by 5-7 bpm, than during the control and overstate session. As
explained above, HR is an objective measurement of a continuous physiological sig-
nal, which has been used in the assessment of clinical pain experiments [2], [25]. HR
allows us to record physiological changes and correlations between exercise intensity.
With this in mind and based on evidence that individuals initially apply force to lift an
object based on the visual material properties [6,7], we believe that the perception of
exercise difficulty during the understate session was modulated by the visual material
properties. Therefore, the mental representation of Pain Intensity might shape the
physiological response, by decreasing the participant’s HR, likely in an anticipatory
manner.

H3 is accepted since the findings are further supported by the fact that VR AVF led
to a significant decrease in participant rates of Pain Intensity. Interestingly, during the
understate session, the mean Pain Intensity given by our participants in the first mi-
nute was approximately 50% lower than the mean Pain Intensity during the control
and overstate sessions. Even though during the following minutes, there was a modest
decrease between the differences of Pain Intensity rates in the three sessions, there
were still significant differences. In addition to previous studies [23], our findings
suggest that the participant not only lasted longer during the understate session but
also felt and reported lower rates of pain during the understate session.

Similarly, H1 is accepted since there was a significant decrease in participants’ rat-
ing of perceived exertion (RPE) during the understate session in regards to the control
and overstate sessions. Participants’ sensation of how hard they were driving their
arm in order to maintain the muscle contraction was considerably lower during the
understate session.

A particularly promising result was that even though some of our participants were
able to identify the visual feedback modification there was still a positive effect of the
VR AVF on the participants. During the understate sessions, the participants who
knew that the visual feedback was modified still last approximately two minutes
longer than the control and the overstate sessions. This result highlights the effec-
tiveness of VR AVF and the potential applications it has for use in home based train-
ing sessions.

These results support the assumption made in [14] that low-cost VR HMD with
AVF strategy has the potential to be used in exercises to reduce pain. Although the
current study was carried out with healthy participants, a fruitful future research direc-
tion will be to explore its use in pain management in healthcare settings. Due to the
low cost nature, it is practical to carry out this type of intervention at home. We there-
fore further hypothesize that this will lead to the improvement of health care and pain
management, since individuals will be able to manage pain and improve their physical
activity on a daily basis.



The overall findings of this study are consistent with other studies in the literature
[21], [23], which suggest that VR AVF is an effective tool for pain management and
rehabilitation. However, the magnitude of effects in the current study exceeds those of
other studies. To the best of our knowledge, this study is the only one of its kind to
find significant improvements due to VR AVF in all of the aforementioned indices of
the pain experience within a single sample.

The results of this study provide further evidence that AVF technique with VR
technology can play a significant role in the improvement of pain management. In
particular, our findings show the positive consequences of being able to offset pain
perception during exercise. Overall, our results suggest that VR AVF can increase
TTE and decrease HR, Pain Intensity and RPE. This results in individuals having an
increased willingness to continue exercise for a longer period of time. Therefore, VR
has to potential to reduce EIP, and thus presents opportunities to use VR to increase
physical activity. In addition, our participants reported high rates of motivation and
willingness to carry on with more exercise sessions with the VR headset.

4.2 Future Research and Conclusions

A key motivation for the current study is the potential use of the VR application in
home based training sessions in order to improve frequency of physical activity and
minimize the perceived pain and/or exertion. Therefore, there is a need of future re-
search of home VR training in order to examine the long-term effectiveness, user
experience and motivation of the VR AVF. In addition, there is a need to examine its
effectiveness in an uncontrolled home based environment.

Overall, our study showed that our VR application supports VR’s analgesic effec-
tiveness, even when the participant was aware of the visual feedback modification.
However, there is a need for further research to ensure that the effect can still be ob-
served in a home based training sessions. Our study also revealed high rates of moti-
vation for using the VR application, although further research is needed to investigate
the sustainability of user’s motivation over a longer period of time.

In addition, the present results support the notion that minimizing the virtual
weight presented through the VR systems will help maximize the duration of the
training sessions and minimize the pain. Additional work in the field should examine
how changes in the actual weight when the visual feedback is kept constant will affect
participants performance and pain perception. Also, more work is needed to explore
other elements and features that might enhance and maximize the VR AVF pain man-
agement effect in medium to long-term use. We believe that future research could
focus on the following areas:

Natural Environments: A pleasant nature scene may decrease pain perception and
stress by causing positive emotional responses. There is some evidence to suggest that
viewing nature can aid recovery from stress and that blood pressure tends to decline
within a few minutes of viewing unspectacular nature [32,33,34,35,36]. Therefore, we
suggest enhancing the positive effect of AVF with elements that contain natural envi-
ronments and pleasant natural sounds (e.g., birds singing).



Single Game Distraction: The effectiveness of VR distraction as a strategy is well
established in the literature [16,17,18,19,20], [26,27,28]. Therefore, we suggest en-
hancing the AVF with a simple game distraction task. For example, in the existing
neutral virtual room with the understate weight condition, a jumping ball can be add-
ed and the participant will be required to count the number of jumps. Based on dis-
traction mechanism and selective attention theory [37], we hypothesize that this might
enhance the induced analgesia.

Advance Ice-features Distraction: Several studies that go beyond the line of single
distraction strategy incorporated ice-features in the Virtual Environment (VE) (e.g.,
Icy 3D Canyon, SnowWorld) [17,18,19], [38,39]. As a result, VR with Snow-VE
creates an illusion of a “cooling” effect by looking at the snowy environment. This
VE provides the user with a complimentary useful feature on distraction strategy, as it
is creating a “virtual cooling sensation”. Functional magnetic resonance imaging
(fMRI) demonstrated a great reduction in participants’ pain-related brain activity,
while they were using SnowWorld game during a thermal experiment [40,41]. We
believe that ice-features could be useful prior to exercise in the heat, as pre-cooling in
advance of the exercise would be of benefit to the exercise performance and capacity.

Social interaction: As aforementioned, the VR has potential applications for clini-
cal populations at home. In many cases, due to their conditions, patients become
homebound for a long period of time and hence lack social interactions. Therefore, we
suggest a VR that will allow the patient to carry out daily exercise along with other
people and interact with them virtually.

In conclusion, our study provided promising results in the use of a low cost VR
system as an effective solution for reducing perceived pain in resistance exercise
among a healthy population. This opens up research possibilities to investigate other
VR design strategies, which will ultimately allow people to use the technology relia-
bly at home. Crucially, we would like to extend this work to include patient groups
who could benefit from engaging in an effective VR-based rehabilitation in the home
environment.
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