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ABSTRACT Virtual Reality is a computer-simulated 3-Dimensional technology in which the user interacts
via different senses: visual, auditory, tactile, and/or olfactory. In the past decades, it has been argued that
Virtual Reality as a technique could be applied in the clinical environment to successfully manage pain. This
article provides a systematic review of research on Virtual Reality and pain management for patients who
are suffering from cancer. More specifically, this article focuses on all types of Virtual Reality technologies
(Non-Immersive, Semi-Immersive, Fully-Immersive) which has been developed and released to manage the
pain which evokes from the treatment of cancer. An exhaustive search identified 23 relevant studies from
2010 to 2020. Overall, the identified studies indicated that Virtual Reality can improve the experience of pain
for patients who are suffering from cancer. It was also found that, if Virtual Reality is appropriately designed,
the pain which is arising from cancer treatments can be reduced. Even though some positive outcomes have
been reported, overall, the results are inconclusive and studies that examine specifically the treatment of
pain in cancer patients are limited. Further research needs to be conducted, to articulate clearly, under what
circumstances Virtual Reality is an effective tool for cancer patients, and under what factors Virtual Reality
can be the solution to the pain patients are experiencing.

INDEX TERMS Virtual reality, cancer, pain, interactive devices.

I. INTRODUCTION
Pain has been characterised as a multidimensional and com-
plex phenomenon that refers to a negative sensation, related to
a sense of self-danger that arise at the brain, and can be caused
via an injury, illness or any invasive medical process [1]–[5].
A variety of pharmacological analgesics have been used to
treat pain, with unwanted side effects. To overcome this issue
several psychological methods (e.g., distraction techniques
such as deep breathing and mindfulness training) have been
used as an alternative and effective solution [2]. This is
because Virtual Reality (VR) can offer an advance alter-
native solution to traditional psychological practices since
it distracts the patients from the painfully sensory signals
and draws their attention to the virtual experience [6], [7].
Based on Ma and Zheng (2011) [8] there are three types
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of VR systems: (a) Non-Immersive; (b) Semi-Immersive;
and (c) Fully-Immersive. A Non-Immersive VR system
is a desktop computer-based 3D graphical system which
allows the user to navigate the Virtual Environment (VE)
through keyboard, mouse and a small computer screen.
A Semi-Immersive system is an improved system; where the
graphical display is projected on a large screen, and there may
be some forms of gesture recognition system for natural inter-
actions. Finally, a Fully-Immersive is a Head-Mounted Dis-
play (HMD) system where users’ vision is fully enveloped,
creating a sense of full immersion and the interactions with
the system are based on natural gesture recognition processes.
In the past years, low-cost immersive VR systems have been
developed and released providing a feasible and accessible
solution that can implement in real-words clinical settings.
In particular, during the past two decades, there is an expo-
nential increase in the use of VR technology to treat the
mental and physical health with the results to indicate that
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the use of VR into the medical field can enhance the treat-
ment outcomes and their long-term effects. For the mental
health, it has been found that VR exposure therapy can be
a conceivable solution for anxiety and post-traumatic stress
disorders [9]–[11], it can also enhance the treatment of psy-
chosis, delivering cognitive rehabilitation, social skills train-
ing interventions and VR-assisted therapies, eating disorders,
autism, and smoking addiction [12]–[17]. For the treatment
of physical health research in the field of VR has examined
its use to manage procedural pain during several invasive
medical processes (e.g., wound debridement, phlebotomy,
dental examination, etc) or to ameliorate pain for chronic con-
ditions (e.g., burn-injured patients) [2]. Cancer is a neoplastic
disease [18], where ‘‘normal cells evolve progressively to a
neoplastic state, they acquire a succession of these hallmark
capabilities, and that the multistep process of human tumour
pathogenesis could be rationalized by the need of incipient
cancer cells to acquire the traits that enable them to become
tumorigenic and ultimately malignant’’ [19]. People who are
suffering from cancer undergo through painful medical pro-
cesses including medical examinations, surgeries, biopsies,
chemotherapies, and others. VR has been used to treat the
procedural pain cancer patients are dealing with, reporting
positive results [20]–[42]. This study presents a review of
research, for the last 10 years (2010–19) and examines the use
of VR technology for cancer patients who undergo painful
medical processes. Evidence from empirical, experimental
studies that included several types of pain and cancer was
systematically reviewed to address the following research
questions:

• Is VR an effective solution for pain management for
cancer patients?

• Which are the commonest VR contents used for pain
management in cancer patients?

• How feasible is VR for real-world deployment?
• What are the current limitations of VR technologies?
• What are the future directions of VR technologies?

II. METHOD
The review was conducted based on Bargas-Avila and
Hornbæk (2011) and Cochrane methodology [43]–[45],
consisted of 5 phases:

A. PROCEDURE
1) PHASE 1: DETAILED EVALUATION OF PUBLICATIONS
Electronic Libraries:We searched seven electronic libraries,
which cover a balanced range of disciplines, including com-
puter science/engineering, medical research and multidisci-
plinary sources. The libraries which included in the review
were:

1. ACM Digital Library (ACM)
2. Google Scholar
3. IEEE Xplore (IEEE)
4. MEDLINE
5. PubMed

6. Sage
7. ScienceDirect (SD)
8. Scopus
9. Web of Science

We restricted the search to a timeframe of ten years (2010 to
2020).
Search terms: We used the exact three queries to all the

libraries since we are aiming to cover any type of VR tech-
nology on pain management in cancer disease.

— Virtual Reality AND Cancer
— Virtual Reality AND Pain
— Virtual Reality AND Pain AND Cancer

Search procedure: The search term used to search the
publication’s title, abstract and/or keywords.
Search results: The total search that returned in phase 1 can

be seen in Table 1.

2) PHASE 2: PUBLICATIONS RETRIEVED FOR DETAILED
EVALUATION
First exclusion:All search results from phase 1 imported into
a drive folder. Then, we exclude manually possible entries
with wrong years. We removed 1648 wrong year entries. This
narrowed down our findings to 3290 papers.
Second exclusion: Duplicate publications between each

library (e.g., different libraries produce the same result) and
within each library (e.g., different terms produce the same
result into the same library) were removed. We removed
430 duplicate publications between each library.
As a result, we end up with 2860 different papers. Then we

searched for duplicates within each library.
The duplicate articles that were provided by different terms

were 59. The total outcome of this phase was 2801 different
papers.
Third exclusion: We narrowed the entries down to the

original full papers that are written in English. We excluded
papers that we did not have access to the full length and papers
that are not original full paper such as workshops, posters,
speeches, reviews, magazine articles and generally grey lit-
erature without formal peer-review. As a result, we excluded
1664 papers. The 1137 remaining papers were: 934 Journal
Articles and Conference papers, 203 book chapters.

3) PHASE 3: PUBLICATIONS TO BE INCLUDED IN THE
ANALYSIS
Final exclusion: Since the focus on this review is on
VR technologies as a complementary treatment to cancer,
we excluded studies which used other types of technologies
not related to VR, nor to cancer. We also excluded studies
which were only related to pain management and general
conditions and not to cancer disease. Based on these cri-
teria, in this phase, we excluded any irrelevant papers that
appeared in the first phase and were not excluded through
the second phase filtering. These papers may appear in our
findings because they contain relevant words to the one
that we searched but did not match to the specific technical
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TABLE 1. Findings per library and in total.

FIGURE 1. Identification and selection of studies.

content. Based on these restrictions, we removed 909 irrele-
vant publications to VR, 162 irrelevant publications to pain
and 43 irrelevant publications to cancer. As a result, we ended
up with 23 relevant papers (20 Journal Articles and, 3 Con-
ference papers, 0 Book Chapters), presented in Fig. 1. At the
end of this phase, all papers were downloaded for the analysis
to be conducted.

4) PHASE 4: DATA GATHERING
At this phase, we extracted all the relevant information from
the papers for the analysis to be conducted. In an excel

file, we extracted information from each study: the type of
pain, type of cancer disease, the VR type, the VR content,
VR feasibility, the sample size of the population studied,
the methodology, the instruments, the key findings, the cur-
rent VR limitations and the future directions of VR.

Moreover, we labelled each study, based on the result as
positive (+), negative (−) or neutral ( ).

5) PHASE 5: DATA ANALYSIS
The data, collected in phase 4, analysed through descriptive
statistics. Then we reviewed the literature to support and
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TABLE 2. Sample size, type of cancer and pain of the reviewed studies.

enhance the additional knowledge that this paper provides.
Thematic analysis was used as an extra methodology to cate-
gorize our findings based on the themes. The themes we used
included the types of VR, the type of VE content, the VR
effectiveness, the VR feasibility, the VR design strategies,
the VR limitations, and the VR future directions. Intercoder
reliability was carried out between the researcher, and the
research assistant. Cohen’s Kappa formula was used to calcu-
late the similarity between researcher and research assistant.
The similarity was 0.83.

III. RESULTS
All studies (23/23) examined the applicability of VR in
cancer. However, the type of cancer in each study differs

considerably, as shown in Table 2. Approximately, 23% of the
papers were focused on breast cancer treatments [22], [23],
[26]–[28], [31], [35], [37], [39], [41] followed by blood
cancer (e.g., leukaemia, lymphoblastic, etc.) (12%) [21], [25],
[33], [36], [38], bone cancer (12%) [25], [29], [33], [38], [40],
and brain cancer (12%) [25], [32], [33], [38], [40]. Various
studies examined lymphoma cancer (9%) [25], [33], [38], [39]
and lung cancer (7%) [20], [30], [35] while some studies
focused on sarcoma (5%) [32], [40], and germ cell tumors
(5%) [33], [38]. A few studies assessed the VR impact on can-
cer related to ovaries [40], melanoma [38], abdominal [39],
throat [39], and metastatic [24] types of cancer (2% each).
Finally, two of the reviewed studies, did not report the specific
type of cancer type (5%) [34], [42].

225478 VOLUME 8, 2020
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Further to the type of cancer, almost half of the studies
examined the effectiveness of VR in accordance to pain
(65%). Most focused on Acute-Procedural Pain (38%) [21],
[24]–[27], [29], [36], [37], [41], [42]. The pain was induced
via venipuncture, surgery and biopsies, while the remain-
ing 15% cases of pain, as a result of chronic condi-
tions [24], [31], [39], [40]. Finally, 12% of papers did
not report the type of pain [20], [23], [32]. Some of the
reviewed studies were not related directly to pain (35%),
meaning that they, examined closely side effects such as
fatigue, anxiety, depression, emotional distress, neurocog-
nitive problems, prospective memory issues, and other
issues that cancer patients are usually dealing with because
of the procedural pain caused by the medical processes,
[22], [28], [30], [33]–[35], [38], [40], [42].

A. EFFECTIVENESS OF VR ON PAIN MANAGEMENT AND
CANCER
Regarding the effectiveness of VR on pain management and
cancer, most of the studies outcomes were positive (83%)
[20]–[27], [30]–[33], [36]–[42] and less than quarter neutral
(17%) [28], [29], [34], [35], while negative results were
not reported. To illustrate this, it was found that the use of
VR can reduce pain [21], [24]–[27], [29], [37], [39], [40]
improve emotional wellbeing [21], [23], [24], [29], [32]–[35],
[38]–[40], [42] enhance the rehabilitation training [20], [26],
[27], [30], [31], [36], [37], [41] and be an assistive technology
for clinicians, during the medical evaluation process at [22],
of the studies as shown in Table 3. In particular, the reviewed
studies reported that VR can improve and enhance the reha-
bilitation training, by minimizing the sensation of pain the
patients are feeling during their trainings [26], [27], [37] and
maximizing the patients’ range of movements and functional
abilities [31], [36], [37], [41]. VR can also reduce pain during
venipuncture in children and teenagers suffering from cancer
[21], [25], [38]. Also, a case study revealed that VR can
minimize the post-surgical pain in breast cancer patients [26],
[27], [37], [41] while is also able to improve analgesia impact
when combined with pharmacological analgesics [23].
Additionally, a recent study showed that VR can reduce
pain intensity, and at the same time increase the levels
of self-efficacy among adolescents with cancer during
chemotherapy [40].

A particularly promising finding was reported by
Abushakra and colleague (2014) [20], who designed a VR
breathing therapy tool to improve the immune system of lung
cancer patients through a series of breathing exercises. The
VR application was found to have an accuracy greater than
85% on lung capacity estimation and breathing movements
classification [20].

It was further corroborated that VR can be used as a
tool to treat side effects arising from pain and improve the
emotional wellbeing of cancer patients. Specifically, VR can
eliminate negative emotions, such as anxiety and depression
and produce positive emotions, such as positive mood and
calmness [24], [33], [38], [42]. This was done through a

VR platform which hosted cancer patients able to commu-
nicate their experiences with other patients [32]. In addi-
tion, a study used nature scenes to induce positive emotions
such as pleasantness, happiness and peacefulness to cancer
patients during the chemotherapy procedure [42]. Finally,
a study suggested that VR can assist the medical evaluation
of cancer patients. This was validated through the use of a
VR application that helped to evaluate the performance of
visuospatial memory in women with breast cancer who were
undergoing through long-term chemotherapy or radiotherapy
treatments [22].

B. EQUIPMENT AND APPARATUS
As aforementioned, based on Ma and Zheng (2011) [8], there
are three types of immersive VR systems: a Non-Immersive,
a Semi-Immersive, and a Fully-Immersive. Our review sug-
gested that most of the reviewed studies used Semi- Immer-
sive and Fully- Immersive VR systems (19/23), while only
two (2/23) studies explored the use of Non-Immersive VR for
clinical purposes related to cancer. One study did not report
on the type of VR system. Approximately, 57% (13/23) of
the reviewed studies required some sort of interactivity (e.g.,
sports, puzzles, darts, bowling) while 43% (10/23) of the
studies exposed the patient only visually to the VR environ-
ment (Table 4). More explicitly:

1) NON-IMMERSIVE
Only two out of seventeen studies used a Non-Immersive
VR technology for the treatment of cancer (9%) [32], [33].
The first study examined the use of VR as a communication
system running on patients’ personal computer. The patients
were residing at the hospital, and the study asked them to
connect into a virtual space using a weblink. Patients had
to log in to the system and create a personalized avatar.
Once this process was completed all patients were asked
to communicate their feelings with other patients who were
also logged in to the system and were undergoing similar
cancer treatment, [32] (Fig. 2). On the other hand, the second
study focused on minimizing the depressing episodes of chil-
dren with cancer were dealing with. This was done via the
PlayMotion1 system and the software created by the
researchers which allowed the patients to alter the room’s
surroundings and convert them into fun environments (e.g.,
a playground, a city space with a blue sky, a football and/or
volleyball arenas). To do so the patients were required to
move their arms, which were projected onto the walls as
shadows, and the system was responding to their movements
via analysing the motion signals [33].

2) SEMI-IMMERSIVE
Several Semi-Immersive VR applications were developed
to enhance the treatment of cancer patients (39%) [24],
[26]–[28], [30], [31], [36], [37], [41]. In particular, most
of the Semi-Immersive VR systems aimed to reduce pain

1http://www.playmotion.com/legacy/corelib1.html
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TABLE 3. Summary of the reviewed studies, objectives, and findings.

225480 VOLUME 8, 2020



M. Pittara et al.: Virtual Reality for Pain Management in Cancer: A Comprehensive Review

TABLE 4. Equipment and apparatus.
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FIGURE 2. An example of a Non-Immersive VR system from Høybye et al.,
2018 [32]. The depicted avatars represent researchers during system
testing and evaluation.

and improve the rehabilitation and physical training of can-
cer patients [26], [27], [30], [31], [36], [37], [41]. To do
so, four studies used existing Semi-Immersive VR applica-
tions offered by the Nintendo Wii Fit2 [36], the Nintendo
Wii Fit Plus3 [30], the Nintendo Wii4 [41] and Xbox 360
Kinect5 [37]. Apart from the existing solutions, three studies
created VR applications to help women who were under-
going breast cancer to perform their rehabilitation exercises
to improve the functional abilities of the affected area and
to increase the lymph fluid flow through their body. More
specifically, two out of three studies used a VR system
where red and green marks were presented on the screen
to position the patient into the right posture. To achieve
that, an infrared laser projector with a monochrome CMOS
sensor6 was placed in three meters distance from the patient.
Once the software tracked the patients’ motion, real-time
feedback with visual and auditory commands returned on
the screen, to illustrate the correct performance of the task
(Fig. 3) [26], [27]. Finally, the third VR rehabilitation system
for breast cancer called BrightArm Duo7 was created using a
low-friction robotic rehabilitation table, a computerized fore-
arm supports (robotic arms which were connected to the reha-
bilitation table, to able the patients’ rehabilitation moves),
a large monitor display and a laptop (Fig. 3). The system
incorporated nine rehabilitation games: Breakout 3D, Card
Island, Remember the Card, Musical Drums, Xylophone,
Pick & Place, Arm Slalom, Avalanche and Treasure Hunt.
To play the games, the patients were asked to move their arms
assisted by the computerized forearms. The system adopted
on the patients’ performance by increasing gradually the level

2https://www.nintendo.com/wiifit/launch/
3https://www.nintendo.com/wiifit/launch/wiifitplus/
4https://www.engadget.com/products/nintendo/wii/console
5https://www.cnet.com/products/microsoft-xbox-360-special-edition-

4gb-kinect-family-bundle-game-console-glossy-white-with-kinect/
6CMOS sensor is an electronic chip that converts photons to electrons for

digital processing. These sensors are used to create images in digital camera,
digital video cameras and digital CCTV cameras.

7http://brightcloudint.com/

of difficulty. All game movements were related to traditional
rehabilitation training [31]. The rest of the studies developed
VR environments, to improve emotional health and memory.
The first study used mindfulness techniques to promote posi-
tive emotions. To do so, a virtual city park and forest enhanced
with relaxing music were projected on a 32-inches screen.
The patients were instructed to navigate into the virtual space
using the mouse and the keyboard [24]. The second study
used a VE of the Memorial Museum in Caen-France to assess
memory in breast cancer patients. The Memorial Museum
was presented to the patients through a Cave Automatic
VE(CAVE).8 The CAVE consisted of four wide screens - 3D
stereoscopic projection: two laterals (9 m × 3 m), one facial
(4.80 m× 3m), and one on the floor (9 m× 4.80m). Besides,
the patients wore stereoscopic glasses with position sensors
able to compute perspective in real-time. A joystick was used
to allow the patients to project elements of the Memorial
Museum (e.g., fictional time, map) [28].

3) FULLY-IMMERSIVE
Several studies used Fully-Immersive VR technology to
enhance cancer patients therapy (48%) [20], [21], [23], [25],
[29], [34], [35], [38]–[40], [42]. Most of the studies did so
using natural habitat scenes (90%). Examples of the above
are given by: (a) Four studies which aimed to distract chil-
dren [21], [25], [40], and adults [42] during painful medical
processes such as venepuncture and chemotherapy (b) Three
studies which tried to reduce the emotional inclemency aris-
ing from the complexity of the condition [23], [34], [38],
(c) A study intended to soothe the procedural pain arising
from bone marrow aspiration and biopsy procedures [29]
(d) A study targeted to chronic pain management [39]. All
the above studies used HMDs to immerse the patients into
the VE and distract them from perceiving nociceptive signals,
pain, and anxiety. In particular, the first study [21] used the
Sony HMZ T-2 3d HMD,9 along with latex-free headphones,
and amouse. The study used a pre-existing VE, SnowWorld10

[24], [46], [47], which was found to be an advance distractive
environment (i.e., use ice-features to offer a cooling effect to
the patients). The patients played ice-war with other animals
and characters who were found to be living into the virtual
SnowWorld [21]. Similarly, three studies used the Sam-
sung Gear VR11 [25], [38], [40], and Samsung smartphones
(Galaxy S6,12 Galaxy S7,13 and Note 814 respectively). The
first one used it along with noise-cancelling headphones
SonyMDR 10R15 and a wireless Bluetooth controller Moga

8https://www.antycipsimulation.com/projects/vr-cave-caen/personal-3d-
viewer/hmz-t2/specifications

9https://www.sony.co.uk/electronics/support/televisions-projectors-
10http://www.vrpain.com
11https://www.samsung.com/global/galaxy/gear-vr/#gear-vr
12https://www.samsung.com/global/galaxy/galaxys6/galaxy-s6/
13https://www.gsmarena.com/samsung_galaxy_s7-7821.php
14https://www.gsmarena.com/samsung_galaxy_note8-8505.php
15https://www.sony.ca/en/electronics/headband-headphones/mdr-10r
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FIGURE 3. An example of a Semi-Immersive VR system. To the top [26], [27]: Subject training on breast cancer rehabilitation training. To the
bottom [31]: Subject training on BrightArm Duo Rehabilitation System and Screen images of nine bimanual games (a) Breakout 3D, (b) Card
Island, (c) Remember that Card, (d) Musical Drums, (e) Xylophone, (f) Pick & Place, (g) Arm Slalom, (h) Avalanche, and (i) Treasure Hunt.

Pro Power,16 to distract the patients from the procedural
pain arising from venepuncture. The patients were immersed
into a calm submarine environment with corals and sea
animals, as scuba divers in. The patients were able to aim
and shoot the sea animals. When a sea animal got shot by
the patients, it turned into bright colours [25]. Finally, the
other two studies used VR to represent nature (e.g., national
parks), animals (e.g., zoos), and travel (e.g., tourist spots)
to distract patients and reduced the perceived pain during
chemotherapy [38], [40]. Similarly, distraction was utilized
by a study with nature-inspired VR simulations of water
features and animals, and local parks. The patient exposed to
nature via VR One Glasses by Zeiss.17 [42]. Another study
used an HMD ezVision X418 to immerse the patients into
natural environments (e.g., undersea diving, palm trees, bab-
bling brooks, etc). This was further enhanced by soft/relaxing
music to reduce discomforted and time perception for patients
going through bone marrow aspiration and biopsy proce-
dures [29]. Also, two of the studies used natural environments
to improve patients’ emotional wellbeing. An unspecified

16https://www.powera.com/us/moga/
17https://www.zeiss.com/content/dam/virtual-reality/english/downloads/

pdf/vr_one_plus_spec.pdf
18https://www.cnet.com/products/ezgear-ezvision-x4-head-mounted-

display/

low-cost HMD where headphones were used to immersed
breast cancer patients into a deep-sea diving and other beach
environments. The aim was for the patients to use the HMD
at their own homes to overcome stress and anxiety [23]. The
second study also examined the home-based use ofVR in can-
cer patients to reduce fatigue, anxiety and depressive feelings.
This was done via the least expensive VR HMD solution,
which was powered by Google Cardboard VR19 and could be
paired with any smartphone. The patients were immersed into
a virtual beach with a colourful sky [34]. Another study used
HTC Vive20 to enhance pain management, via mindfulness
(e.g., forest walk enhanced with relaxing music, sky flying),
and cognitive (e.g., puzzle-based interventions) training.
The first category included [39]. Lastly, a Fully Immersive
VR system was developed to enhance respiratory training for
patients suffering from lung cancer. The system used a HMD
and a smartphone to present to the patients’ features which
imitated the lung and blood cells movement when performing
a breathing exercise in real-time. To capture and detect the
patients’ breathing intensity (lung capacity at each breathing
cycle) the smartphone’s microphone was used. The patients
were asked to regulate the inhalation and exhalation on a
specific pace until the blood cells will disappear from the

19https://arvr.google.com/cardboard/
20https://www.vive.com/us/product/vive-cosmos/specs/
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FIGURE 4. Smart-phone application for breathing exercises in lung cancer
patients [20].

lung organ. The smartphone was connected to the HMD to
provide visual feedback to the patients (Fig. 4) [20].

C. VR THERAPEUTIC INTERVENTIONS EVALUATION
Reviewed papers were based their research in 3 different
types of study. Controlled study experiments where per-
formed by 57% of the reviewed papers [21]–[23], [28], [29],
[33], [34], [37]–[42] equally to non-controlled experiments
(30%) [24], [25], [30]–[32], [35], [36]. Only two were case
studies (9%) [26], [27]. One paper prevented the architecture
and the technical aspect of the developed VR system. The
VR system was not testing on participants (4%) [20]. All the
reviewed studies collected patients’ demographic informa-
tion (e.g., age, sex, ethnicity, educational level, type cancer,
type of treatment, etc.).

As aforementioned most of the studies examined the effec-
tiveness of VR in accordance to pain (25%) [21], [23]–[27],
[29], [31], [37]–[40]. To do so, studies used several instru-
ments, which are presented in Table 5. In particular, quantita-
tive, and qualitative measurements with scale questionnaires,
and biosignals were preferred over other types of data.

The scale questionnaire were: Visual Analog Scale (VAS)
[21], [23]–[25], [37], [38] and Numerical Pain Scale
(NPS) [26], [27], [29], [31], were used equally from the
reviewed studies. Both VAS and NPS are subjective ten-point
Likert scales ranging from 0 (no pain) to 10 (worst pain)
[49], [50]. In addition to the above,McGill pain questionnaire
(MPQ) [40] was also administered by a study to measure the
quality and intensity of their pain through sensory, affective,
and evaluative sessions [51]. Finally, pain perception of the
patients related to the time the patients spent on thinking
about pain was also assessed [21].

The bio signals were measurements of physiological
changes (20%) [20], [26]–[31], [36]–[38]. In particular,
the studies used Electromyography (EMG) [26], [27],
[31], [36] to record the electrical activity produced by
the muscles and Dynamometer to evaluate the changes in
muscles strength after the rehabilitation session [26], [27],
[31], [37]. This was followed by some studies [20], [28], [29],

which used acoustic signal of respiration to assess the per-
formance of the immune system of lung cancer patients
during a series of breathing exercises. A couple of studies
collected Electrocardiography (ECG) and blood pressure sig-
nals [29], [31] while additional physiological signals were
collected in response to oxygen saturation using Oximeter
devices through a finger pulse [28], [29], [38] and sleep
functionality through a Polysomnography (PSG) [28].

Further, some of the reviewed studies examined the use
of VR to treat side effects (e.g., fatigue, nausea, anxi-
ety, depression, emotional distress, neurocognitive problems,
cognition, mobility etc.) (23%) [22], [23], [25], [28], [31],
[33]–[37], [41]. To begin with, several instruments were
used by the researchers to reflect on the cognitive level
of the patients, the most common were: (1) Continuous
Performance Test (CPT) [22]; (2) Grooved Pegboard Test
(GPT) [22]; and (3) Paper-based tests such as– Montreal
Cognitive test [28] and Wechsier Adult Intelligence Scale
(WAIS) [22]. CPT [52] evaluates attention deficiencies. It is
projected on a computer screen and the patients’ response
using the keyboard [22]. Simple tasks are administrated for
the test to run, for example, letters are presented to the screen
and the patients are requested to press the space bar for all the
letters except the letter X. to assess the patients’ performance,
the system records the response time, the changes in response
time, consistency, omission, and errors are documented by
the system. The GPT [53], reflects on the patients’ cognitive
level. GPT [54] is a square metal surface with holes in various
orientations. The task requires for the subjects to match the
groove of the pegs with the groove of the board working left
to right when using their right hand and working right to left
when using the left hand. The test lasts up to five minutes or
it ends once all holes are filled. To assess the patients’ perfor-
mance, the researcher records the duration, which is required
to perform each trial, the drops of a peg which might occur,
and the number of pegs which are placed correctly in the
holes of the surface. Cognitive impairment was alsomeasured
by MoCA [55]. MoCA is a paper-based instrument which is
consisted of 30 items assessing: short-termmemory via recall
task; visuospatial abilities via clock drawing, and a cube
copy task; executive abilities via clock drawing, and a cube
copy task; executive functioning via an adaptation. In similar
logic with MoCA, the WAIS was used by a study [22] to
assess the patients’ intelligence and cognitive ability. WAIS
assess Verbal and Performance IQ. Verbal IQ is assessed
by Verbal related to Perceptual Organization (e.g., Block
Design, Matrix Reasoning, Picture Completion), and Pro-
cessing Speed (e.g., Digit Symbol-Coding, Symbol Search).
Verbal IQ is assessed by Verbal Comprehension tasks (e.g.,
vocabulary, similarities, information) and Working Memory
tasks (e.g., Arithmetic, Digit Span), while the Performance
IQ examines features related to Perceptual Organization
(e.g., Block Design, Matrix Reasoning, Picture Completion),
and Processing Speed (e.g., Digit Symbol-Coding, Symbol
Search). Lastly, the Disability of Arm, Shoulder and Hand
questionnaire (DASH [37] & QuickDASH-9 [41]) were used
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TABLE 5. Type of study, study duration, and instruments.
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to measure breast cancer patients’ ability to perform specific
movements.

The emotional well-being was also assessed from sev-
eral studies, with most of the studies focusing on anxiety
and depression (18%) [23], [28], [31], [33]–[36], [38], [40].
Anxiety was mostly measured by State Anxiety Inventory
(STAI) [23], [28], [33], [35], [36], which is a 4-point Likert
scale and consists of 40 questions on a self-report basis.
The STAI measures two types of anxiety – state anxiety,
or anxiety about an event, and trait anxiety, or anxiety level
as a personal characteristic [56]. Higher scores are positively
correlated with higher levels of anxiety [57]. Depression was
mostly measured using the Beck Depression Inventory (BDI)
[28], [31]. The BDI is a multiple-choice scale and consists
of 21 questions on a self-report basis [58].

Lastly, VR experience was measured by 14% of the
studies [21], [24], [25], [28], [34], [38], [42] through
self-reported scales which relates to: (1) Usability;
(2) Enjoyment; and (3) motion sickness. Usability was
measured [25], [34], through the three techniques of the
Discount Usability Engineering testing (scenarios, simplified
think-aloud, and heuristic evaluation) [59]. Enjoyment was
measured through VAS [21], [24], [25], [28], and motion
sickness [21], [25], [34], [38] was assessed by the Simulator
Sickness Questionnaire (SSQ) [60], theMotion Susceptibility
Questionnaire (MSSQ) [61], and Child Simulation Sickness
Questionnaire (CSSQ) [62].

IV. LIMITATIONS AND FUTURE DIRECTIONS
Even though the effectiveness of VR for the treatment of
cancer is well documented, however several limitations were
identified in the reviewed studies. Firstly, previous research
has suggested that several factors might affect the efficiency
of VR. In particular, it was suggested that past experiences
and knowledge of the medical process may affect negatively
the effectiveness of VR and result in an increased level
of pain. As aforementioned, pain has been defined as ‘‘an
unpleasant sensory and emotional experience associated with
actual or potential tissue damage’’ [21], which suggests that
pain has both a nociceptive and subjective element to its per-
ception [63], and is affected by personal characteristics [64].
Therefore, the mental representation of the painfully medical
process might shape the perception of pain felt by the patent,
as in an anticipatory manner. As a result, it is expected that
VRmight have a greater impact on patients who are receiving
the treatment for the first time in contrast to patients who have
previously undergone through this medical process and are
aware of the procedural pain arising from the treatment [25].
We suggest future research to validate the above statement
through a between-subjects’ experimental design study.

Further to the above, several studies also suggested
that the effectiveness of VR technology on pain man-
agement for cancer patients has not been reliably
assessed [23], [31], [34]. This is because VR’s effectiveness
on pain has been documented only via self-report scales
(e.g., VAS, NPS) [23], [24], [31], [34], [42]. Even though

self-report questionnaires have been validly used in the past
by several psychological studies to assessed pain, it is sug-
gested for future studies to triangulate theVR effectiveness on
pain via self-reported scales, qualitative data (e.g., interviews)
and physiological responses (e.g., ECG signals) [23]–[25].

Finally, it was also recommended that future studies
should entail personalised instruments, based on each patient
needs [35]. VR applications should offer both mindfulness
and cognitive training to serve cancer patient needs. [39].
In particular, it has been argued that mobility issues occur
for women, undergoing mastectomy recovery. The evalua-
tion of the recovery process (i.e., Range of Movement –
ROM) is nowadays assessed by a goniometer device.21 Future
studies should entail the technological solutions that will
minimise the clinical time required for the evaluation pro-
cess [24]. It was also noted that most of the studies did
not take into consideration differences that might occur due
to the disease procession or due to the medical history of
the patients [31], [36]. Future studies should consider the
neurological assessment of VR’s effectiveness to identify
the most crucial factors [39]. It is also suggested for future
studies to do a thorough background of patient’s history
check to be able to study a more homogeneous sample size
of the given population, which will increase the degree of
variability in their findings [31], [36], [39]. In addition,
it was further reported that most of the studies were limited
in a short-term deployment of the VR system into clinical
settings [33], [37]–[39] and a small sample size popula-
tion [22], [24]–[27], [31], [37], [39]–[41]. It is, therefore,
suggested for future studies to run long-term experiments
where the VR equipment will be deployed into the clinical
settings for a longer period of time to validate the applicability
of VR technology into the health care system [33], and to
increase the sample size of the population to reduce the sta-
tistical errors [35]. It is also recommended for future studies
to develop personalized solutions based on each patient’s
interests and needs [38], [42]. Apart from the methodological
limitations and the future directions to those; several limita-
tions based on the equipment were also reported. In partic-
ular, most of the reviewed studies used what is so-called as
high-end VR technologies [23], [39]. This type of VR tech-
nology necessitates an expensive and not affordable solution
to implement in real-world clinical setting. A relevant liter-
ature review which examines the effectiveness of low-cost
VR equipment has suggested that moving to low-cost and
accessible solutions can improve the use of VR in health
care, and reduce the need of equipment maintenance, while
it can still be an effective solution for pain management [2].
Therefore, it is suggested for future studies to evaluate the
use of low-end VR solutions to offer more personalized and
patient-centric VR medical applications.

21A device that enables healthcare professionals (e.g., physiotherapists,
occupational therapists etc) to objectively measure the available range of
motion at a joint
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TABLE 6. Future challenges of VR in pain management.

To further corroborated the above, it was also reported the
need for the development of a low-cost home-based VR tool
which can be used by the patients without interrupting their
daily activities [23]. Our review found only one study [30]
which evaluated the used of VR from cancer patients at
their personal spaces. Future studies need to be conducted
to enhance our understanding of the requirements that are
needed to develop an effective VR home-based solution for
cancer patients [30], [39].

Finally, some patients also reported that the use of a HMD
in some cases was causing them discomfort [29]. We believe
that future studies should take into consideration this factor
for their design to reduce the risk of fatigue or discomfort
that might be caused to the patients. This has been effec-
tively done, by studies with people living with dementia.
The aforementioned studies used a wireless mobile HMD
which allowed flexibility in setting up the equipment quickly
and unobtrusively in different familiar locations, allowing the
caregivers to easily focus on introducing the equipment and
supporting the person. To ensure comfortability the device
incorporated soft padding and adjustable head striped to allow
the comfortable use on the patients’ head [65], [66].

V. CONCLUSION
Based on all the studies that were reviewed, it is suggested
that VR can be an effective technology in clinical settings to
ameliorate cancer patients’ pain and improve the rehabilita-
tion trainings the patients are receiving. This can result in
minimizing the persistent disabilities the patients are deal-
ing with, while it can also positively enhance their emo-
tional well-being. Based on the reviewed studies, there are
several characteristics and design strategies that a VR tool
should incorporate in order develop and deliver an effective
VR solution which depends on: (1) the patients’ type of
pain, medical history and demographics; (2) the patients’
subjective experiences on medical processes; (3) the patients’
interests and daily-living activities. Therefore, for an effective
and feasible VR solution, the system should incorporate fea-
tures relevant to: (1) distractive environments, with relaxation

scenes; (2) real-time feedback; (3) personalized experiences
based on each patient needs; (4) physiological responses;
(5) comfortability; (6) affordable low-cost VR devices so the
patients’ will be able to use them from their personal spaces.
We believe that if these criteria are met and VR applications
are developed based on these criteria, these will result in an
improved healthcare system, where patients will be able to
manage successfully the procedural and chronic pain arising
from cancer.
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